1 DESCRI PTI ON PHASE PLATE AND AN OPTI CAL DATA RECORDI NG REPRCDUCI NG DEVI CE
5 TECHNI CAL FI ELD The present invention relates to a phase plate capable of
controlling spatially the state of polarization of an incident light in the
vyegion"into to which the light is irradiated and an optical data
recordi ng/ reproduci ng device nounting the same. Further, the present
invention relates to an optical data recording/reproducing device using a
flat plate type polarizing beamsplitter ifor separating an incident |ight
15 into two linearly polarized Iights along light paths in a polarization
directions which are different fromRERRIGHIBEI axis of the incident |ight
and which are perpendicular to each other whereby data are recorded in an
optical recording nmediumand the recorded data are 20 reproduced fromthe
medi um by utilizing hol ography. BACKGROUND ART I n an optical head device

Wi dely used reBSROR FIAGE AN ARUIGRGHebr G MR N ATFERGIBERNG o an
optical 25 recording nmedium such as CD or DVD as an optical disk or a
magnet o- opti cal disk, pit data having dFYfefent reflectances or concavity
and convexity as a one 2 dinensional data row are recorded in a single
recor di ng®

TECHNICAL FIELD

The present invention relates to a phase plate
capable of controlling spatially the state of
polarization of an incident light in the region into

10 which the light is irradiated and an optical data
recording/reproducing device mounting the same.

Further, the present invention relates to an optical
data recording/reproducing device using a flat plate type
polarizing beam splitter for separating an incident light

15 into two linearly polarized lights along light paths in a
polarization directions which are different from the
optical axis of the incident light and which are
perpendicular to each other whereby data are recorded in
an optical recording medium and the recorded data are

20 reproduced from the medium by utilizing holography.

BACKGRQUND ART
In an optical head device widely used recently, for
recording/reproducing data with respect to an optical
25 recording medium such as CD or DVD as an optical disk or
a magneto-optical disk, pit data having different

reflectances or concavity and convexity as a one-



surface of the optical recording mediumor the recorded data are reproduced
fromit. Further, there has been attenpted to increase the volume of data
by lam nating 5 surfaces for recordi ng and reproduci ng. However, the
‘maxi mum nunber of |am nation per a single disk was about four |ayers.
Accordingly, there was a limt in inproving the volunme of recording. On the
ot her hand, the hol ographic recording for 10 recording data in an opti cal
recording mediumby wutilizing holography2is usually carried out by
superinposing an object |light carrying inmage data and a_reference light in
t he recordin%1W€§§&ﬁPﬁé B éué@waﬁreiﬁﬁépﬁgﬁéné@ Paflegh caf@ R LNgg t he
produced 15 interference_ pattern as a volunme hologramin_the optical
recordi ng ne@RaEPCPn OfefPEdIPrAGALh&E SFOLEAREITGILR™ 8T 86 8GOFAG i ght s
irradiated tqQ the optical recordin% medi um wher eby i mage data are
reproduced aS®53dafs FPERCIUGEE E&°8 ffrackPoRI8Y- t HeeFechraeBerRt erf erence
pattern 20 (see, for example, JP—A—%%OZ-#23949, ggreinbelomA referred to as
Pat ent DocunBhteFPrefn toudRCEEERR GiE, VOHETENnCEr PEFandY¥ JAMEEARPY witten
three-dinensionally as a volun%.holo ramin the. direction of thickness of
the opti cal FBE%P&Fﬁg REdFamo* 2§gsﬁgéerFPrSQHCPﬁgreaE%W%Y%ﬁifFE%ntly t he
recordi ng capaci,t it draws _puybli.c attention recently...ln the tical

E ﬁ fpﬁ ﬁg glégt a%%ut

recor di ng/ r ePPEIEENGUEPSEe Atpr8PdLEG PR PRE 3 SIBFilEa yas
recording/reggg@uign r%?Vi£8c9£§§£Sf§? %ﬂere was a limit in improving
the volume of recording.

On the other hand, the holographic recording for

10 recording data in an optical recording medium by
utilizing holography is usually carried out by
superimposing an object light carrying image data and a
reference light in the recording medium to produce an
interference pattern and writing the produced

15 interference pattern as a volume hologram in the optical
recording medium. In reproducing the recorded data, a
reproducing light is irradiated to the optical recording
medium whereby image data are reproduced as a data light
due to diffraction by the recorded interference pattern

20 (see, for example, JP-A-2002-123949, hereinbelow,
referred to as Patent Document 1).

In such technique, the interference pattern is
written three-dimensionally as a volume hologram in the
direction of thickness of the optical recording medium.

25 Since it can increase significantly the recording

capacity, it draws public attention recently. In the

optical recording/reproducing system proposed in the



t he above-nentioned Patent Docunent 1 in particular, an optical disk having
an optical recording layer and an optical reflection layer is used as an
optical recording 5 medium a two-parted optical rotation plate and a single
‘obj ectlive lens are used and an object light and a reference light are
irradiated to the optical recording medium Accordingly, the optical head
dewi ce can have the sane structure as for CD, DVD or the |ike. 10
Therefore, the systemis effective to reddce the size of the optical data
recordi ng/ reproduci ng device. Wth reference to Fig. 17, the function of the
opti cal dataopéééﬁ&i%@Fﬁeﬁﬁ@@ﬁéﬂﬁ@/§§@F@§u§§n@eﬁﬁvé§etﬁéSCﬂW§B§aﬂﬁbd opti cal
rotation plate used therein will be 15 described. -The optical data

recor di ng/ r epPEdELPNE ~BERtdOTRSs PR tenho PREMIEd topt iBaParStiglled plddt e 100
whi ch conprises.,a _twg-parted optical rotation plate part 100R | ocated at a
ri ght side (®RF1681t HesEptryandagis oRrdcalt HECPaALEd 36Y6Ht PEAl 3ot ati on
plate part 100L . located_at g left side (-X). of the optical axis. The

two- parted ofPréRaf TESLECTIRTpLEAYELpart UEGORAFoRE OB tp6Rer FEEOTEH NI
directions of _an object Ii htéggd a,reference,ligh& by -45 and th

t wo- part el oB?ﬁ&HW'rBtéWpéﬁgﬁF OP&rC2108L RS RPePLIERE 258 £LNEAS on

di rections bﬁ t45..|g &%%ernin!n%e%i%n% of @fSi%iﬁﬁ nd n%gative with

respect to t RBIGHGEESof S oA §75% RELPEcRRPSE b dt8T0A™S drmde positi ve

in the 4 CO%E%E?%%%eSX§% %‘%Q%quggdﬁggédl%b the optical recording
medium. Accordingly, the optical'head device can have
the same structure as for CD, DVD or the like.

10 Therefore, the system is effective to reduce the size of
the optical data recording/reproducing device.

With reference to Fig. 17, the function of the
optical data recording/reproducing device as well as the
two-parted optical rotation plate used therein will be

15 described.

The optical data recording/reproducing device has a
two-parted optical rotation plate 100 which comprises a
two-parted optical rotation plate part 100R located at a
right side (+X) of the optical axis and a two-parted

20 optical rotation plate part 100L located at a left side
(-X) of the optical axis. The two-parted optional
rotation plate part 100R rotates polarization directions
of an object light and a reference light by -45° and the
two-parted optical rotation plate part 100L rotates the

25 polarization directions by +45°. In determining signs of

positive and negative with respect to the angle of

rotation, the clockwise rotation is made positive in the



In this optical data recording/reproducing device, an objective lens 118 is
provi ded adj acent to the two- parted optical rotation plate 100 and the
objective lens 5 118 is |located facing the side of the optical recording

| ayer "10A of the optical recording nmedium 10. Further, the optical data
recordi ng/ reproduci ng device is provided wth an actuator (not shown) for
nowvi ng the objective lens 118 in the direction of thickness and the
direction 10 of tracks of the optical recdrding nmedium 10. Here, definitions
of the polarization directions wll be nmade with reference to Fig. 19. The
sign of an @ROFEinAta EVBERW SBOWRr &8t Féf-i 4%t 0 be positive. An A
polarized light is a linearly polarized |ight which is 15 forned by rotating
an S pol ari zed | £ghthasoRrptikelydakes regprr PﬁdﬁGEQOQMF%ﬁg Bevisteating a P
polarized light along the X axis direction by +45, and a B polarized |Iight
is a Ilnearl?anPé?FEéHelﬂﬁﬁF %Bgnéa B§°V69§§| AEI2FRBESEROERS F¥@1 i ght by
+45 or the P polarized,li e A polarijzed |ight and the B

pol ari zed IlﬁﬁfteﬂaQEtbGP rF?E?FbﬁndPF@EﬁlaﬂQ 6€ﬁpéﬁﬁlBﬁﬂéFtﬂaeé&@WSother
(1) Then, the_principle of recording the_dat ing _the_two-parted optical
rotatlonfbla§é 168 WPFRtEES é?ﬁFﬁ?nEge SégeAﬁ%oﬁﬁgcgpFﬂﬁﬁg Z§CR% 93150 ari zed

| i ght f t ed t | b Litt PBS 116 b
ngbln:ﬁgrﬁE %gegolgg Pﬁcgggﬁ%b%ﬁF%ltﬁggb lbgrgéé éﬁthESEF 5??2L pl ate

100. A refergﬂce L%gcalaaa%aprecording/reproduc1ng device is provided
with an actuator (not shown) for moving the objective
lens 118 in the direction of thickness and the direction

10 of tracks of the optical recording medium 10.

Here, definitions of the polarization directions
will be made with reference to Fig. 19. The sign of an
angle in a clockwise direction is to be positive. An A
polarized light is a linearly polarized light which is

15 formed by rotating an S polarized light along the Y axis
direction by -45° or by rotating a P polarized light
along the X axis direction by +45°, and a B polarized
light is a linearly polarized light formed by rotating
the S polarized light by +45° or the P polarized light by

20 -45°. The A polarized light and the B polarized light
have polarization directions perpendicular to each other.

(I) Then, the principle of recording the data using
the two-parted optical rotation plate 100 will be
explained.

25 An object light as an S polarized light is reflected
at a polarizing beam splitter (PBS) 116 as a beam

combining means to be incident into the two-parted



pol arized light transmts through the polarizing beam splitter 116 to be
incident into the two-parted optical rotation plate 100. Here, the object
| i ght 20R passing 5 through the two-parted optical rotation plate part 100R
-and entering into the optical recording nmedium 10 becones an A polarized
light. On the other hand, the reference 1ight 30L passing through the
two-parted optical rotation plate part 100L and entering into the optical
recordi ng 1o nedium 10 becones also an A golarized light. The reference
light 30L of A polarized light is reflected at the reflection plane 10D in
the light rebtiecélonotayépnlplade 1Lhé.opsicafereroe dl hghtreas usn B0 and
passes through the sanme region as the object light 15 20R of A polarized
light in thepopaitaedrétghti hgahapéts tbAouShntbet bederdbjiegt beght 20R and
reference light 30L have polarization directions agreed with each other,
an interferespbipaereth6i sof benedchyenheinnbekher éwoepefktethepsikiaght s.
Further, the object light 20R of A 20 polarized light is reflected at the
refl ecti on prahatioD pohtehéO8pt iketer ethr dhipaed Lohtl 020RMKassinasses
through the sane region as the reference light 30L of A polarized Ilight in
the opti cal terowdinghtayep-pestetheptiobjlecptakight p2eReapdriefl@b@nce |i ght
30L al so produce an 25 interference pattern by the interference since their
pol ari zat i onadér ect fohbgagnee wWhehorhdhadt herordAngomgidagmy 10i heckhaespt i cal
recording layer 10A, the 6 _interference pattern due to the interference of
the A an A polarized light. On the other hand, the reference
light 30L passing through the two-parted optical rotation
plate part 100L and entering into the optical recording
10 medium 10 becomes also an A polarized light.
The reference light 30L of A polarized light is
reflected at the reflection plane 10D in the light
reflection layer 10C of the optical recording medium 10
and passes through the same region as the object light
15 20R of A polarized light in the optical recording layer
10A. Since these object light 20R and reference light
30L have polarization directions agreed with each other,
an interference pattern is formed by the interference of
these lights. Further, the object light 20R of A
20 polarized light is reflected at the reflection plane 10D
of the optical recording medium 10, and it passes through
the same region as the reference light 30L of A polarized
light in the optical recording layer 10A. These object
light 20R and reference light 30L also produce an
25 1nterference pattern by the interference since their

polarization directions agree with each other.

Accordingly, in the optical recording layer 10A, the



pol ari zed object |ight 20R before entering into the reflection plane 10D
with the A polarized reference light 30L after being reflected at the
reflection plane 10D and s the interference pattern due to the interference
of the A polarized reference light 30L before entering into the reflection
pl ane 10D with the A polarized object light 10R after being reflected at
the reflection plane 10D are recorded in a three-dinensional nmanner. Here,
a 10 transparent substrate 10B is fornmed getween the reflection plane 10D
and the data recording nmediumlayer 10A. Simlarly, the object light 20L
havi ng passeilntéhfeughcehpatterpadtiedtopthealinteréeirencel affe ther @ 100L 15
to enter into the optical recording nmedium 10 becones a B polarized |ight.
Furt her, thepoééeieadeobight 30BhhakPBRgbepassednthrounghinhe the- parted
optical rotation plate part 100R to enter into the optical recording nmedium
10 becones aesbdeatBopobarheedObi yhth The B polarized 2efeskecendaéghitght 30R
is reflected at the reflection plane 10D of the optical recording nmedium 10
and passes tBPbughterhbesagereédgieohedsath&hB pelfarczednobfleve LOghenZ0L in
the optical recording |ayer 10A. Since these object light 20L and reference
i ght 30R 2Bhha¥ntehéerengeepdtpekar Azat konther déotevhisreane hit htePence
pattern is produced by interference. Further, the B polarized object |ight
20L is refl cepédraeed referpefredéipbh pPanbefobeofntREibgt ingl t&€or di ng
medi um
reflection plane 10D with the A polarized object light
10R after being reflected at the reflection plane 10D are
recorded in a three-dimensional manner. Here, a
10 transparent substrate 10B is formed between the
reflection plane 10D and the data recording medium layer
10A.
Similarly, the object light 20L having passed
through the two-parted optical rotation plate part 100L
15 to enter into the optical recording medium 10 becomes a B
polarized light. Further, the reference light 30R having
passed through the two-parted optical rotation plate part
100R to enter into the optical recording medium 10
becomes also a B polarized light. The B polarized
20 reference light 30R is reflected at the reflection plane
10D of the optical recording medium 10 and passes through
the same region as the B polarized object light 20L in
the optical recording layer 10A.
Since these object light 20L and reference light 30R
25 have their agreed polarization directions, an

interference pattern is produced by interference.

Further, the B polarized object light 20L is reflected at



10 and passes through the same region as the B polarized reference |ight
30R in the optical recording |ayer 10A. Since these object |light 20L and
reference light 30R have 5 their agreed polarization directions, an
interference pattern is produced by interference. Accordingly, in the
optical recording layer 10A, the interference pattern due to the

i nterference of the B polarized object |ight 20L before entering into the
10 reflection plane |OD with the B polarized reference |ight 30R after
havi ng been reflected at the reflection plane |0D and the interference
pattern due tthe hefilearifer eneae of0 e Bhpolartiized nef@rshiosy InaghiturB0R
before entering into the reflection plane 10D with the B pol ari zed obj ect
15 |i ght 20L 14f teexd lpsadswy bderousf |tdet echret ndusarefdsedtheo galanel 260D are
recorded in a three-dinensional manner. (11) Then, the principle of
reproduci ng datfzrisnassilighthe GRvwai-rp dittee cbrapitdaclalrqastratiimen Jelyeae 1030 wi | | be
explained with reference to Fig. 18. 20 The reproducing |ight 40R having
passed t hr oughindee thege pdriest dptdhdal2 Oloteatd ore fsimre arigtOORR diaai er
into the optical recording nmedium 10 becones a B polarized light. On the
ot her hand, tHeiremoshies mplagiratdon dgEard Pessah tintarfrendrea wo- part ed
optical rotation 25 plate part 100L to enter into the optical recording
medi um 10 bed@sfEsrn & pylagucast by ghttenfienaneceoptical recording | ayer 10A,

a data light 8 traveling in the opposite direction with respect to the
Accordingly, in the optical recording layer 10A, the

interference pattern due to the interference of the B
polarized object light 20L before entering into the

10 reflection plane 10D with the B polarized reference light
30R after having been reflected at the reflection plane
10D and the interference pattern due to the interference
of the B polarized reference light 30R before entering
into the reflection plane 10D with the B polarized object

15 light 20L after having been reflected at the reflection
plane 10D are recorded in a three-dimensional manner.

(II) Then, the principle of reproducing data by
using the two-parted optical rotation plate 100 will be
explained with reference to Fig. 18.

20 The reproducing light 40R having passed through the
two-parted optical rotation plate part 100R to enter into
the optical recording medium 10 becomes a B polarized
light. On the other hand, the reproducing light 40L
having passed through the two-parted optical rotation

25 plate part 100L to enter into the optical recording
medium 10 becomes an A polarized light.

In the optical recording layer 10A, a data light



reflection plane 10D is generated by the reproducing |ight before being
reflected at the reflection plane 10D, and a data light traveling toward
the reflection plane 5 10D is generated by the reproducing |ight after
‘having been reflected at the reflection plane 10D. The data |ight traveling
in the opposite direction wth respect to the reflection plane 10D emts
straightly fromthe optical recording nedium 10, and the data light 10
traveling toward the reflection plane 10Dgenits fromthe optical recording
medi um 10 after having been reflected at the reflection plane 10D. The data
| i ghts are réenderddngoibe ther abpelsiltiegkitireb¢amn by thheesbiett itwe thens 118 to
be incident into the 15 two-parted optical rotation plate 100. Here, the
data |ight 50Rfilecitdent pilane fLH® tiwogpartrededpbiycaher oeptriodmciplgat e part
100R in the two-parted optical rotation plate 100 is a B polarized |ight
bef ore bei ngligbitdbetforet betihg rewdegietedtophiecakflecatioonpplate 1@t 100R
and becones a 20 P polarized |light after having passed through the two-
parted opticahdr et deiten lpbkhte tpaveliogRto@archéhet wef lekgndn rRlengat a | i ght
50L incident into the two-parted optical rotation plate part 100L in the
two-parted &pbi éal Jevezeited bwa$@61@@ﬁr§d@ﬁiAgpéﬁggtz@étEthﬁVb@EOre 25
being incident into the two-parted optical rotation plate part 100L and
becomes a P peear reédecitght a&f the pafilegtipaspdanchddigh t he two- parted

optical rotation plate part, 9 100L. Thus, the data lights after having
passed t hrough he data light traveling in the opposite direction

with respect to the reflection plane 10D emits straightly
from the optical recording medium 10, and the data light
10 traveling toward the reflection plane 10D emits from the
optical recording medium 10 after having been reflected
at the reflection plane 10D.
The data lights are rendered to be parallel light
beams by the objective lens 118 to be incident into the
15 two-parted optical rotation plate 100. Here, the data
light 50R incident into the two-parted optical rotation
plate part 100R in the two-parted optical rotation plate
100 is a B polarized light before being incident into the
two-parted optical rotation plate part 100R and becomes a
20 P polarized light after having passed through the two-
parted optical rotation plate part 100R. On the other
hand, the data light 50L incident into the two-parted
optical rotation plate part 100L in the two-parted
optical rotation plate 100 is an A polarized light before
25 being incident into the two-parted optical rotation plate
part 100L and becomes a P polarized light after having

passed through the two-parted optical rotation plate part



the two-parted optical rotation plate 100 becone P polarized [ights in the
entirely cross-sectional view of the |ight beans. 5 The data |ights having
passed through the two-parted optical rotation plate 100 enter into the

‘pol arizing beam splitter 116, pass through the polarizing beamsplitter

pl ane 116A, pass through the beamsplitter plane (BS), an inmage focusing

| ens and so on which are not shown, and 10 enter into an imge pickup

el enent such as CCD to be converted intogelectric imge signals.

Expl anation will be nade with reference to the cross-sectional view of Fig.
20 with resp&8bLto Thmes, sthecdare bighhe phiterikzavgndepassedi theougPBS) used
as a 15 beam conbi ni ng neans for aligning the optical axes of an object

i ght and a théetwnepakight ppadcan zx&aplien phapei 406 betome02? each forned
by processing a transparent glass block into a light isosceles triangular
prismlike shaperizeduliohageiedthel antdsely forsedsestioneheviiewl pded pl ane
of the prism 101 to forma polarizing beamsplitter plane wherein the

mul til ayer edthel hipbt beamed by lanminating alternately a thin dielectric
film having a relatively large refractive index and a thin dielectric film
having a Tel ati v&he sl lightgctiove ngs paggesd ithrauoh Mmhehitelomess teld an
order of wavelength. Then, the inclined surfaces of the prisns 101, 102 are
bonded usi ngCBtiFahspatakiCRoRpgéRedls sBRESE| +BLPOLhEo PPFarigiRgybeam

rectangul ar prismlike polarizin% bean1sglitter o )
splitter 116, pass through the polarizing beam splitter

plane 116A, pass through the beam splitter plane (BS), an
image focusing lens and so on which are not shown, and

10 enter into an image pickup element such as CCD to be
converted into electric image signals.

Explanation will be made with reference to the
cross-sectional view of Fig. 20 with respect to the
structure of the polarizing beam splitter (PBS) used as a

15 beam combining means for aligning the optical axes of an
object light and a reference light, as an example.

In prisms 101, 102 each formed by processing a
transparent glass block into a light isosceles triangular
prism-like shape, a multilayered film 103 is formed on

20 the inclined plane of the prism 101 to form a polarizing
beam splitter plane wherein the multilayered film is
formed by laminating alternately a thin dielectric film
having a relatively large refractive index and a thin
dielectric film having a relatively small refractive

25 index in a film thickness of an order of wavelength.
Then, the inclined surfaces of the prisms 101, 102 are

bonded using a transparent homogeneous adhesive 104 to



PB5. By adjusting the filmthickness of the multilayered film 103, the

pol ari zing beamsplitter which reflects an 5 S polarized |ight conponent
havi ng the pol arization direction along the surface of the nmultilayered film
103 with respect to an incident |ight of wavelength A and allows to pass

t hrough a P polarized |ight conponent having the polarization direction
per-pendi cul ar to the 10 polarization direction of the S polarized |ight
conmponent, can be formed. Further, by adjusting the film thickness of the
mul tilayered film 103, the reflectance of the S polarized |ight conponent
and the trangnirmt ancectehoulerPppdisar-iliée poglatr icdmaomream @l iditey be

adj usted. 15 Further, explanation will be nmade with reference to Fig. 9
with respect PB6.an optical data recording/reproducing device D4 enploying a
plurality of polarizing beamsplitters PB5 in conbination. A linearly

pol ari zed |ight BS peljarsitiag (thghtDl 10 tériicknes s radmtdig imyhltt Slarrered 11
capable of emtting a coherent |aser light (an interfering light) is

render ed tofbémpégéhléhelP@Hﬁrbééﬁ§ @FaHSF@élét@élNﬁﬁ@@oﬁqﬁ%@§t31fgl The
parallel |ight beans are _introduced into, for exanple, a half-wave plate
113 as ar opfi pallaradesd; dAoRs srEweRento sy idehEde &9 iartigatiigm beans

including an S polarized |ight conponent and a P _paolarized Ingé conponent
wherei n the PATEEtBOPWEERNEhENS Syraricee@ Tl itdiet M tidGmsairehtt L e P

olarizing |ight conponent to b
P g w%th reg%ect to an ?ncident light of wavelength A and

allows to pass through a P polarized light component
having the polarization direction perpendicular to the

10 polarization direction of the S polarized light
component, can be formed. Further, by adjusting the film
thickness of the multilayered film 103, the reflectance
of the S polarized light component and the transmittance
of the P polarized light component can also be adjusted.

15 Further, explanation will be made with reference to
Fig. 9 with respect to an optical data
recording/reproducing device D4 employing a plurality of
polarizing beam splitters PB5 in combination.

A lineafly polarized light (S polarized light)

20 emitted from a light source 111 capable of emitting a
coherent laser light (an interfering light) is rendered
to be parallel light beams by using a collimator lens
112. The parallel light beams are introduced into, for
example, a half-wave plate 113 as an optical rotation

25 element to be converted into light beams including an S
polarized light component and a P polarized light

component wherein the ratio between the S polarized light



introduced into a first polarizing beamsplitter (PBS) 114 is adjusted. The
P pol arized |ight conmponent having passed s through the first polarizing
beamsplitter 114 is introduced into a first beamsplitter (BS) 115. The
‘first ‘beans splitter (BS) 115 is adapted to allow, for exanple, 20% of P
pol ari zed |ight conponent to pass straightly therethrough and to reflect
(at- a 10 direction of 900) 80% of P polarized |ight conmponent. A second

pol ari zing beam splitter 116, a two-parted optical rotation plate 100 and
an objective lens 118 are located in this order fromthe side of the first
beam spl it t eeomRpeBeRnrtoagdt hBet Pavelprgzdneedipbh ePmppgRnt &mi beed from 1s
the light source 111, after having been reflected at the first beam
splitter 115inFupdnerd anspaki ALrFrgRPlABAGLELI hgar ereattero (EB§) a second
beam splitter (BS) 120 are located in this order fromthe side of the first
pol ari zi ng béhf 5pl pEEBFte44 20 in this optical data recording/reproducing
device, in the traveling directigon_of the S polarized |ight conponent
reflected at theThﬁrgtPﬁgﬁéﬂﬂfﬁnél@@énF@ﬂPPP@@ﬁ Pexizet ®@sseavi ng passed

t hrough the hal f-wave plate 113. _The spatial |ight nodulating el enment 119
conpri sed a tPBOPGRgEPRUABEFCOPOpPKERLNGr PEATEPLAtESFattAcdS i ke form
wherei n each, pi xel. is_capable of passing light or blocking |ight

sel ectively E?%gycﬁﬁgﬁgtPsangaﬁﬁﬁtEﬁa%ZSp pEERAI I($Sdepérding on its

Intensity Mhereb%hgtfﬁist beams splitter (BS) 115 is adapted to

allow, for example, 20% of P polarized light component to
pass straightly therethrough and to reflect (at a
10 direction of 90°) 80% of P polarized light component. A
second polarizing beam splitter 116, a two-parted optical
rotation plate 100 and an objective lens 118 are located
in this order from the side of the first beam splitter
115 along the traveling direction of light, emitted from
15 the light source 111, after having been reflected at the
first beam splitter 115.
Further, a spatial light modulating element 119 and
a second beam splitter (BS) 120 are located in this order
from the side of the first polarizing beam splitter 114
20 in this optical data recording/reproducing device, in the
traveling direction of the S polarized light component
reflected at the first polarizing beam splitter 114 after
having passed through the half-wave plate 113.
The spatial light modulating element 119 comprises a
25 large number of pixels arranged in a lattice-like form
wherein each pixel is capable of passing light or

blocking light selectively whereby light is modulated



possi ble to produce a data carrying object light. Wen a liquid crystal
device in which aligning directions of |iquid crystal nolecul es change
depending 5 on a voltage applied to the transparent electrode formed in
‘each pi xel whereby the state of polarization of transmtting light is
changed, is used as such spatial |ight nodul ating el enent 119, and a
pol-ari zi ng beam splitter capable of reflecting 100% of S polarized |light 10
conmponent and allowi ng to pass through 100% of P polarized |ight conponent
is used as the second beam splitter 120, the change in the state of

pol ari zat i onspRtigAd Y dghendassi vy ﬂﬁﬁoe@ﬁemﬁétWi&%&i@%@§ﬂaﬂﬁﬁevice is
preferably converted into the change of light intensity 15 by this

pol ari zi ng beamsspiliet ter PrRamsey a g CgHrYRagsiony aCiyr dughta pi xel of the
liquid crystal device in the state of the S polarized |I|ight which is the
same as the stat &heh golldigudat iGyssrl deviarildemhishymligingg | ected at the
second beam 20 splitter 120 and is introduced into the second polarizing
beam splittefirectionst Ré SR Ch&AYS teHe MOLGIFU Liegy iIhGnIsassEE I HGUgh a

pi xel of the liquid_crystal device in_ the state of the P palarized ]ight
does not ent & PntelteNe §EPREIprartt s g APERMSEHT lectrpsendeInss it
passes 25 thtou%h t he second beam splitter 120. The second pol arizing beam
splitter 116i%s®3Beii*edo eﬁie%’y nSTREA &%t DR 18353198 iofed 1 ght

component 13 of the ,ngl det, 8"n 85 9 feld LA [AOTLNS

aﬁgcond
light modulating element 119, and a polarizing beam
splitter capable of reflecting 100% of S polarized light

10 component and allowing to pass through 100% of P
polarized light component is used as the second beam
splitter 120, the change in the state of polarization of
the light passing through the liquid crystal device is
preferably converted intc the change of light intensity

15 by this polarizing beam splitter.

Namely, the light passing through a pixel of the
liquid crystal device in the state of the S polarized
light which is the same as the state of polarization of
the incident light is reflected at the second beam

20 splitter 120 and is introduced into the second polarizing
beam splitter 116. On the other hand, the light having
passed through a pixel of the liquid crystal device in
the state of the P polarized light does not enter into
the second polarizing beam splitter 116 because it passes

25 through the second beam splitter 120.

The second polarizing beam splitter 116 as a beam

combining means reflects the S polarized light component



beam splitter 120 to deflect its traveling direction 901, passes the P

pol arized |ight conponent of the incident |light, as a reference light from
the first beamsplitter 5 115, and aligns the optical axis of the object
light 'and the optical axis of the reference light to conbine these |ights
to be introduced into the two-parted optical rotation plate 100 and the
obj-ective lens 118. Thus, the light emtted fromthe light source Ill is 10
separated into the P polarized |light conpbhent and the S polarized |ight
conponent by the first polarizing beam splitter 114 to produce respectively
t he referencefl that ingahdenke lobhéct asi ght okAgcthe iphsofapmz el sgrEnd
component and the S polarized |ight conponent are _conbined by the 15 second
pol ari zi ng beaamspPilitepr1180( PBSHefaREtt RER, trp¥elengpPaegClight §0Pass

t hrough the two-parted optical . rotation plate 100 and the objective |ens
118 to be fBaEsed &het RePepeirdgrd déandi fgMreaEim 6. ther tREEden order to
reproduce the data of 20 interference_ pattern recorded in the optical
recording ndPhi 165 &nTPARFENFSCULPRG FERT The AAdSinPrAEyEPpiekep

el ement 122 such as CCD.are |lpocated.in_this order_from, the_side of _the
first beam sptret@Prd125190Ki ERS SP&L Cete@XoFpasi tBesPhaest LRENSe@BRd

pol ari zi ng beamsplitter 116 2 ith respect to.the first beamsplitter 115.
Wth thic afPangBRLREL BF§ Phe PEPFEAGERAGS! ROREY 5o FPAALAFeARES®  he
ot cal recoudi ng med um 10; Lo dal 2, L9014, ggreduegg et e medi um
rotation plate 100 and the objective lens 118.
Thus, the light emitted from the light source 111 1is
10 separated into the P polarized light component and the S
polarized light component by the first polarizing beam
splitter 114 to produce respectively the reference light
and the object light and the P polarized light component
and the S polarized light component are combined by the
15 second polarizing beam splitter 116 (PBS), and then, the
combined lights pass through the two-parted optical
rotation plate 100 and the objective lens 118 to be
focused on the optical recording medium 10.
Further, in order to reproduce the data of
20 interference pattern recorded in the optical recording
medium 10, an image focusing lens 121 and an image pickup
element 122 such as CCD are located in this order from
the side of the first beam splitter 115, which is at the
opposite side of the second polarizing beam splitter 116
25 with respect to the first beam splitter 115. With this

arrangement, only the reproducing light i1s irradiated to

the optical recording medium 10; the data light



pol ari zing beamsplitter 116; a part of the |ight passes through the first
beam splitter 115 and enters into the inage pickup elenent 122 through the
i mge focusing lens 5 121. Thus, the data of interference pattern produced
in the spatial light nodulating elenent 119 and recorded in the optical
recordi ng nmedium 10 can be reproduced by the inage pickup elenent 122. Now,
explanation will be nade with reference to Fig. 10 21 on an enbodi nent of a
flat plate type polarizing beam splitterl#B6 capabl e of reducing the size
of the device, in comparison with the rectangular prismlike polarizing
beam spl i t t eFePB3ARELAeE thiNBoRERAY™ RESEEEs B ORIPoltReFerPgdi d crysta

| ayer 106 having an, 15 ordinary refractive index no and _an_ extraordinary
refractive i REeRTAELNG PeRRedPhytE6EMLA§ aR BRE§nRENTNLE djehtoRagssengl e
surface of a transparent substrate 105, conducting an aligning treatnent,
coati ng |iunHreP9§t5he fehEirePe8R ERé LEPM fLoPI 8Red ehyepsl yREPI £hfg. 20
Then, the polyner liquid crystal |layer 106 is _subjected to photolithography
and react i vell'8HCePAIHE £6CMBREcd<e HrPYIRarEa I1BPY2edOGHELRAg LRESI ng a

sawtooth- formin cross section apd,a grating constant (pitch) L., Then, a
honogeneous ?%ﬁrad??%%'iEﬁ%x £raAnS a}%ﬁgrﬁ% ?%Jp?%tﬁﬁﬁiﬁﬁogﬁéegah%

refractive index astth th'nar% efractiye %ndeé 0 i filleg i_n.,concave
portions of TAE SPBiyfer ‘LG & 8P§§FéPg|§;8P 166 Pg FﬁgréﬁﬁoF P 4715
homogeneous rgiragtive,i pdex Lransparent, 98t 8LhabelQly roquced by the
image pickup element 122.
Now, explanation will be made with reference to Fig.

10 21 on an embodiment of a flat plate type polarizing beam
splitter PB6 capable of reducing the size of the device,
in comparison with the rectangular prism-like polarizing
beam splitter PB5 formed by bonding two prisms.

A polymer liquid crystal layer 106 having an

15 ordinary refractive index n, and an extraordinary
refractive index n. is formed by forming an alignment
layer on a single surface of a transparent substrate 105,
conducting an aligning treatment, coating liquid crystal
monomer on the film followed by polymerizing.

20 Then, the polymer liguid crystal layer 106 is
subjected to photolithography and reactive ion etching to
process it to have a blazed grating having a saw-tooth-
form in cross section and a grating constant (pitch) L.
Then, a homogeneous refractive index transparent material

25 having the same refractive index as the ordinary

refractive index n, is filled in concave portions of the

polymer liquid crystal layer 106 to thereby form a



and at the sane tinme, the transparent substrate 105 and a transparent
substrate 108 are bonded together. Wen a P polarized |ight as an ordinary
polarized 5 light is incident into the polynmer liquid crystal |ayer 106,
‘the li'ght passes straightly through it without diffraction since the
refractive index of the polynmer |liquid crystal |ayer 106 agrees with the
referactive index of the honbgeneous refractive index transparent nmateri al
10 107. On the other hand, when an S pol a%zed |ight as an extraordinary
pol arized light is incident into the polyner liquid crystal |ayer 106, a
di ffracted | hghtgeseogenseiredtiivacenthe tebnapeiresti mdéerdklt A®7pol yner
liquid crystal layer 106 is different fromthe refractive 15 index of the
honogeneous eeflr att the sadextimenspheehranspesensl subsLrise éXamane] a he
hei ght d of the sawtooth-like polynmer liquid crystal |ayer 106 satisfies
fornul a (ne- thengganenit Rubespete f88anrenbraded Ltiogkthef .wavel ength 20 it,
the maximumdiffracted |ight generates in a direction of angle e satisfying
sin e=A/ L (wher eWhens ag Pgipgtlisdd zefor<dtt aspiatici9prdinaryt moslagyzed he f1 at
pl ate type quarizing beam splitter PB6 is obtainable. In the

above- nent i ohégRPat EntnPBEGRENENECIIEEl BSLMGeT28 1aNd dosEvEsalddraer
recording/reﬁroducing device, there is, found explanation relating to the

function of tR&/t e paPhEdPesErEar tretatitdd SPEPEIT0AL MAREPEE it fails to

16 disclose _a_concrete structure of _the device. Further,
diffraction since the refractive index of the polymer

ligquid crystal layer 106 agrees with the refractive index
of the homogeneous refractive index transparent material

10 107. On the other hand, when an S polarized light as an
extraordinary polarized light is incident into the
polymer liquid crystal layer 106, a diffracted light is
generated since the refractive index of the polymer
ligquid crystal layer 106 is different from the refractive

15 index of the homogeneous refractive index transparent
material 106.

For example, the height d of the saw-tooth-1like
polymer liquid crystal layer 106 satisfies formula (ne-
no) xd=A with respect to an incident light of wavelength

20 A, the maximum diffracted light generates in a direction
of angle 6 satisfying sin 6=A/L (where L is a grating
constant (pitch)). In this way, the flat plate type
polarizing beam splitter PB6 is obtainable.

In the above-mentioned Patent Document 1 disclosing

25 the optical data recording/reproducing device, there is
found explanation relating to the function of the two-

parted optical rotation plate 100. However, it fails to



the two-parted optical rotation plate 100 whose principle of operation is
shown in Figs. 17 and 18 has the structure that the two-parted opti cal
rotation plate part 5 100R and the two-parted optical rotation plate part
*100L ‘are adjacently | ocated. Even though a person skilled in the art can
consider to arrange a wavelength plate using a birefringent material such
as-quartz or the like, no device usable practically was disclosed. In such
10 circunstances, there is a strong demantéto devel op an optical device
(phase plate) of small size and Iight weight and having regions defined

hi ghl y accur 8iec}ose as consredef Girmuchalreamd filpscGeor ces t RBrtherpart ed
optical rotation plate. 15 Further, it is effective to forman interference
pattern in atdgedioi-ggriesi optdicadn ropatdan rdeddildy WhedeumrieaP leppl yi ng
to an optical data recording/reproduci ng device a focus servo nethod and a
tracking ser®é FPPEFGE1¢Sed St LR dpt iFddS -hddd a@évilée P26 & or ni ng

dat a-recordi ng/ reproducing for an optical_  disk such as CD, DVD or the |ike.
For exanple,Sng€§HF§pF@P&eFhﬁaﬁwﬁgpﬁéEﬁdeﬁ@FﬁcaéeF§E@ﬁGPPyP@ﬁ&@ ) is

| ocated as a_col or beam conbining neans in the |ight path between the

pol ari zi ngy 25 0&amPsHIHRE EWOrPETATE RS 1GRI- patedd BpEledie Patdt ildPL plate

100 in Fig. 17 wherein the heamsplitter bejn capabl e of passing.light
beams havi ng 5 WAAPERGH YA LRESERA { hEVERT bPEUARNE| BREGCBbPECLIPRGAE and

reference li%%% art can consider to arrange a wavelength plate using
a birefringent material such as quartz or the like, no
device usable practically was disclosed. In such

10 circumstances, there is a strong demand to develop an
optical device (phase plate) of small size and light
weight and having regions defined highly accurately so as
to perform the same function as the two-parted optical
rotation plate.

15 Further, it is effective to form an interference
pattern in a specified region of an optical recording
medium 10 by applying to an optical data
recording/reproducing device a focus servo method and a
tracking servo method used for an optical head device

20 performing data-recording/reproducing for an optical disk
such as CD, DVD or the like.

For example, a beam splitter having wavelength
selectivity (not shown) is located as a color beam
combining means in the light path between the polarizing

25 beam splitter 116 and the two-parted optical rotation
plate 100 in Fig. 17 wherein the beam splitter being

capable of passing light beams having a wavelength A as



t heret hrough and reflecting |ight beans having a wavel ength As (Ash A)
which is different fromthe wavelength A and which is not photo-sensitive
to the 5 optical recording nmedium 10, and the optical axis of the incident
i ght 'of wavelength As is nade coincident with the optical axis of the
incident |ight of wavelength A so as to focus the |ight beans into the
light reflection |ayer of the optical recording nmedium by neans of the 10
objective lens 118. The light of wavelength X reflected at the |ight
reflection | ayer is separated by the above- nentioned beam splitter having
wavel engt h séhecbelprp-mentpenget ebied thy ighghenddeederenceHdwavdr , when t he
| i ght of wavel ength X gasses 15 through the two-parted optical rotation
pl ate 100, thberpgbusedl rght repéecitanNgxpanbédPsesguevitig gol ari zed | i ght
is not uniformin traveling spatially whereby there causes the problens
that the convewnelenakthylusédsToduwhishris Adifhedeand frloem thhecki ng servo
met hod can not be 20 applied. Further, in order to caontrol |ight paths of
the transm VBVR§SRR§ht Sardct WB1FEf Leéched PRERe el ifdod e ucibility
and high accuracy in the above-nenti oned rectangular, prismlike polarizing
beam spl i% t ePPPBS24hERACZFLPE PrEiupol0; t afds thecopsdrrplt §%ofds$h8 gl ass
bl ock accurateLé to have a right isosceles f{riangular prism formand to
bond and fi x1RGeAEREs IRt REgHBTCAEEGE CYs 18 MpgeresihEaderk WkpBnsi ve
opti cal conponent, and_when a L. )
P rrpthe opt?cal axgs of the incident light of wavelength A so
as to focus the light beams into the light reflection
layer of the optical recording medium by means of the
10 objective lens 118. The light of wavelength Ag reflected
at the light reflection layer is separated by the above-
mentioned beam splitter having wavelength selectivity to
be detected by a photodetector.
However, when the light of wavelength A passes
15 through the two-parted optical rotation plate 100, the
focused light spot is expanded because the polarized
light is not uniform in traveling spatially whereby there
causes the problems that the conventionally used focus
servo method and the tracking servo method can not be
20 applied.

Further, in order to control light paths of the
transmitting light and the reflected light with good
reproducibility and high accuracy in the above-mentioned
rectangular prism-like polarizing beam splitter PB5 shown

25 in Fig. 20, it was necessary to process a glass block

accurately to have a right isosceles triangular prism

form and to bond and fix two prisms with good accuracy.



plurality of polarizing beamsplitters and beamsplitters
optical data recording/reproducing device D4 shown in Fig. 9,
increased and 5 there was the problemthat the adjustnent of optical
was difficult. Further, in the case of the flat plate type polarizing beam

were used in the
t he cost was
axes

splitter PB6 shown in Fig. 26, the angle of separation e by the diffraction

of ‘the P polarized 10 |ight and S polarized |ight

relied on the processabl e

grating constant (pitch) L, specifically,1&bout 4 pun. Accordingly, the

angl e of separation 9 with respect to

visible light restricted to about 10.

As a resul t, IkhERsulfecs par SpPERE 1 PpePSeICarli FOARBERR s FINct #&ePB6 was used
15 in the optical _data recording/.reproduci ng device as shown in Fig.
entire opti cRLUERILEM Péc RO AFAFGET Rediz P 1Lk Lo de b PEREL PP Ll eTs

irradi ation planes far ,the_object,

ight and the reference light. 20

I
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the object of the present invention is.to provjde a phase
Dgnﬁhp

sg.as to perform?2

th ti. t he t wo- d_opti cal
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%Lb he present invention is to provide an optical
g“devi'ce to which the

Further, in the case of the flat plate type
polarizing beam splitter PB6 shown in Fig. 26, the angle
of separation 6 by the diffraction of the P polarized
light and S polarized light relied on the processable
grating constant (pitch) L, specifically, about 4 um.
Accordingly, the angle of separation 6 with respect to
visible light restricted to about 10°. As a result, when
the flat plate type polarizing beam splitter PB6 was used
in the optical data recording/reproducing device as shown
in Fig. 9, the entire optical system became large in size
in order to ensure the irradiation planes for the object

light and the reference light.

DISCLOSURE OF THE INVENTION

The present invention was made in view of these
problems, and the object of the present invention is to
provide a phase plate of small size and light weight'and
having regions defined highly accurately so as to perform
the same function as the two-parted optical rotation
plate and an optical data recording/reproducing device

mounted the same.

MOhEPWEiLght 2and e &PShg WeSgitaird SdsEhédthi ghl y

dat a



conventional ly used focus servo nethod and tracking servo nethod can be
applied in order to forman interference 5 pattern in a specified region of
.an optical recording medium Further, the present invention is to provide
‘an optical data recording/reproduci ng device nounting thereon a flat plate
type polarizing beamsplitter which 10 can realize a structure for reducing
the size and cost in conparison with a rectangular prismlike polarizing
beam splitter and which can increase thelangle of separation on an S
polarized light and a P polarized light. Further, the present invention is

to provide an 15 de’%ql'k% ddte RERIHH rfd?‘feé}:ﬁ'lcﬂihcllsngtcdé?ﬁcc‘él%laﬁb small and

easy for adjustnen nounti n thareon uni fied hody conpr|5|n
plurality of °PF &Fa;L)LI atﬁ?é: ' ‘%é’é’rh SASESE SOm iy
plurality of fIa r|2|n eam s ter 20 [.n accordance
with the pre§8ﬁt ]éﬁpqﬁéfé? |d§ﬁq}%$éggfﬁ P ST%g a

pol ymer I|qU|d rystal .film be me ran arent su tes, wherein
the pol ymer i -a*y&a;sgtba i i vy o efffeefgei " nto
whi ch an |nC|d ght of wa:vl le%g ) o ernters tctoh gg
transmtt? ng™ ﬁﬁla & S & assuhes 9& di fofer‘aé]ht()pst‘tlCtaeL ot (fl ation
dependi ng on a %tlgnlng direction of the nol ecul es of the polymer liquid
20 crystal urther, in the above-nentioned phase plate, the

Further, the present invention is to provide an
optical data recording/reproducing device mounting
thereon a flat plate type polarizing beam splitter which

10 can realize a structure for reducing the size and cost in
comparison with a rectangular prism-like polarizing beam
splitter and which can increase the angle of separation
on an S polarized light and a P polarized light.

Further, the present invention is to provide an

15 optical data recording/reproducing device being small and
easy for adjustment by mounting thereon a unified body
comprising a plurality of flat plate type polarizing beam
splitters or by using a plurality of flat plate type
polarizing beam splitters.

20 In accordance with the present invention, there is
provided a phase plate comprising a polymer liquid
crystal film held between transparent substrates, wherein
the polymer liquid crystal film is parted spatially in
the region, into which an incident light of wavelength A

25 enters, so that the light transmitting the phase plate
assumes a different state of polarization depending on an

aligning direction of the molecules of the polymer liguid



pol.ymer liquid crystal filmconprises two polymer liquid crystal filns
having a retardation value of (ml/2) x A5 (where mis zero or an integer
of positive sign) with respect to the incident |ight of wavel ength A and
‘havi ng nol ecules aligned uniformy with respect to the surfaces of the
transparent substrates wherein aligning directions of the nolecules are
parted spatially in the two polynmer 10 liquid crystal filnms with a specified
relative angle. Further, in the above-nmengi oned phase plate, the specified
angle is 45. Further, in the above-nentioned phase plate, the phase plate
conpri ses a trasspar énflmsubstrate having a 15 surface on which a pol yner
liquid crystal filmwhose nolecules are aligned in a specified direction
with respect toFurdhegr.fdee thes ahomesaent ignesaphalsey pdatteed theegi on and
anot her transparent substrate havin%_a surface on which a polyner liquid
crystal fil noehvsermdiavdlesrystade fallingaenbirasgsswei Podameicr ddauan
different fromthe_ that of the fornmer polyner liquid crystal filmwth
respect to i £systefladdlmsshpyipgdai metpedethen ypaticalfy (mpdred >r égi on, and
t he transparent substrates are |am nated so that the region of one pol yner
li quid 25° crywhgref M fsa@@rrheTr 8fi dnteperhefoPRel tagey sap™)i Wditd cryst al
filmare not overl apped each other in plane view _ Further, there is

provi ded a pk&§Beplate EBRPLPSIiAGRE111ghboPYn¥WAVELGuEE ey SR8 PAVILRSand an

organic birefringent film]lam nated, i ¢ch are hel d between transparent
g molegules aligne% un?formly wgth respect to %%e sur%ac%s

of the transparent substrates wherein aligning directions
of the molecules are parted spatially in the two polymer
10 liqguid crystal films with a specified relative angle.
Further, in the above-mentioned phase plate, the
specified angle is 45°.
Further, in the above-mentioned phase plate, the
phase plate comprises a transparent substrate having a
15 surface on which a polymer liquid crystal film whose
molecules are aligned in a specified direction with
respect to its surface, is formed in a spatially parted
region and another transparent substrate having a surface
on which a polymer liquid crystal film whose molecules
20 are aligned in a specified direction different from the
that of the former polymer liquid crystal film with
respect to its surface, is formed in the other spatially
parted region, and the transparent substrates are
laminated so that the region of one polymer liquid
25 crystal film and the region of the other polymer liquid
crystal film are not overlapped each other in plane view.

Further, there is provided a phase plate comprising



substrates, wherein the polyner liquid crystal filmis fornmed on a
specified region in a surface of at |east one 5 transparent substrate and
has a retardation value of (mM+l/2) x \ (where m is zero or an integer of
‘positi've sign) with respect to an incident |ight of wavelength A the
aligning direction of the nolecules of the polynmer liquid crystal film
beisng uniform and the organic 10 birefringent filmhas a retardation val ue
of (m2+1/2) x A (where nR is zero or an 2hteger of positive sign) with
respect to an incident |ight of wavelength \, the aligning direction of the
mol ecul es of at Relyseymed duilguicdy steystallny ang B g damicomhnaf Hngistect i on
different from 15 _the aligning direction _of the polynmer |iquid crystal
film Furthefiliphdp@ingtefoyivdddtafrEpticdsl besaeery d&nERFSEpr oduci ng
device for recordin% in the optical recording |ayer of a _disk-Iike optical
recordi ng ne8lBMLIOTtsESs i Wherrdrete PRLVEEE dda¥dCa CrvstRed Tyl He
interference of an object light and a .reference light irradiated to the
di sk-1i ke opEP&HES 880RdSRE HEd T SHAPING s & FUsFEicCalct edoridaff 198ker and
a light reflection layer, and for reproducing the recorded data 25 by
i rradiatihg &TPEFPEIGRNGIPEGHE S0 e PRSC 6r d&F2 LR Ferv@ide it tern, the
optical data reﬁfédinggrﬁ ﬂoducing.device bei n Character%zed py. 22
conpri si ng a (Beanf £bndi i 8 feanS: 17 Tt mdteHe Ya dptital axis
the optical %ﬁ%%)o%iEﬁer%b %%% %ng% incident light of wavelength A,
the aligning direction of the molecules of the polymer
ligquid crystal film being uniform, and the organic
10 Dbirefringent film has a retardation value of (my+1/2) x A
(where m; is zero or an integer of positive sign) with
respect to an incident light of wavelength A, the
aligning direction of the molecules of the polymer liquid
crystal film being uniform in a direction different from
15 the aligning direction of the polymer liquid crystal
film.

Further, there is provided an optical data
recording/reproducing device for recording in the optical
recording layer of a disk-like optical recording medium

20 an interference pattern as data, formed by the
interference of an object light and a reference light
irradiated to the disk-like optical recording medium
having said optical recording layer and a light
reflection layer, and for reproducing the recorded data

25 by irradiating a reproducing light to the recorded

interference pattern, the optical data

recording/reproducing device being characterized by



and reference light incident into the optical recording nediumand an
objective lens allowing the object light 5 and the reference |ight to pass

t hrough the optical recording layer in the optical recording medi um and
*focusi'ng themon the light reflection layer, and further conprising the
phase pl ate descri bed above, which is |ocated in the optical path between

t he beam conbi ning 10 nmeans and the optical recording nmedium Further, in

t he above-nentioned phase plate, the polymer liquid crystal filmas a
constituent elenent of the phase plate has a retardation value of k x X
(where k iscampkaségar aobepdsicoimpd ndingnineaissh fiogs pddoniodan nt® ithei dent
l'ight having a wavel ength As which is different fromthe wavel ength A of

t he inci dent shinghPPtEgrihexist lidee obsigrdvindes af Gbei odl] egat dight
recordi ng/ reproduci ng device for recording in the optical recording |ayer

of a di sk-1ikRedopeifeakncecdiginng imedidemt20nar itheeobérende rggrreindas dat a,
formed by the interference of an object ht having a wavel ength of A and
a reference MPGAtmbany iy HI&CEd VEo LERs Gﬂgﬁwlpﬁeth@ppﬁdéptréé@ﬁ&ing medi um
havi ng said optical recording _layer and a light reflection |ayer, and for
reproducifhg 28%t kBer sedegedc@atlddby itor BaSat it %goalgbeﬁbéfde@tﬁga{lu ght having
a wavelength of Ato the recqorded interference pattern, .the optical data
recor di ng/ r epFEAGELRY déVELe 18 the OﬁéﬂﬁﬁlcH&F&E@éPEZ€@dBVmbéﬁﬁr|S|ng a beam

combi ni ng rrE%ocu51ng them on the light reflection layer, and further
comprising the phase plate described above, which is
located in the optical path between the beam combining
10 means and the optical recording medium.

Further, in the above-mentioned phase plate, the
polymer liquid crystal film as a constituent element of
the phase plate has a retardation value of k x Ay (where
k is an integer of positive sign) with respect to an

15 incident light having a wavelength Ag which is different
from the wavelength A of the incident light.

Further, there is provided an optical data
recording/reproducing device for recording in the optical
recording layer of a disk-like optical recording medium

20 an interference pattern as data, formed by the
interference of an object light having a wavelength of A
and a reference light both irradiated to the disk-like
optical recording medium having said optical recording
layer and a light reflection layer, and for reproducing

25 the recorded data by irradiating a reproducing light
having a wavelength of A to the recorded interference

pattern, the optical data recording/reproducing device



for aligning into the sane optical axis the optical axes of the object

| ight and reference light incident into the optical recording nedium a
col or beam conbining neans 5 for aligning into the same optical axis the
‘optical axes of the object light and reference light and the optical axis
of an incident |light having a wavel ength X. which is different fromthe
wavel ength A and an objective lens allowing the object light, the reference
light and the 10 incident |ight of wavel edgth As to pass through the
optical recording layer in the optical recaording medium _and focusing them
on the lightb ﬁéPIgeEt’taéﬁCItﬁférzedaEH rH@rln@oﬁprheﬁ“hgfctW%énﬁﬂra‘% e
descri bed above, which is located in the agpti.cal pat h extending fromthe
beam 15 conbiRENGLAERASS RNGRiIEnS3T6 P tHEaHh &8t Mty IRarak #%a%he
optical recording medi.um Further n t he above-nentioned optical data
recor di ng/ r efrodli& RGIG&FH clérgbﬂf"reraé’idrt rgferencs rlé%’rtdédlqwertthe”tﬁﬂ s
recordi ng medium b part| ht_ .havi ng a 20 vel ength A emtted froma

| i ght sour ce°PHt& frlerc§’tr Inlgn WMyolPaGoted RSt A€ IHE R near | y
olarized neans .of a r ol ar g beamsplitter rradi atin
Phe 1 rot™ 1 | b F@ygalag.szl@& B’tﬁs‘staap 'Z' A P R T r otuce
an obj ect t 5crr ta the secand .| i nearl ol.arized |ight
as a ]referengg t%&h % %Itnlal’rll a4 %egt?n&?t Ijt'ggﬁt a&t%gtft%p B ezlence )
light so as t%l%lb&nanna%cag%nﬁaq%g%gt%a%lng a %%%%l%%g%k?%?o glgglngZIHQ

beam spl i ttef as

different from the wavelength A and an objective lens
allowing the object light, the reference light and the

10 incident light of wavelength As to pass through the
optical recording layer in the optical recording medium
and focusing them on the light reflection layer, and
further comprising the phase plate described above, which
is located in the optical path extending from the beam

15 combining means through the color beam combining means to
the optical recording medium.

Further, in the above-mentioned optical data

recording/reproducing device wherein data are recorded in
the optical recording medium by parting light having a

20 wavelength A emitted from a light source into a first
linearly polarized light and a second linearly polarized
light by means of a first polarizing beam splitter,
irradiating the first linearly polarized light to a
spatial light modulator to produce an object light

25 carrying data, using the second linearly polarized light
as a reference light, and combining the object light and

the reference light so as to align into the same optical



conbi ni ng neans, and the data recorded in the optical recording |ayer are
reproduced as a data carrying light by irradiating a reproducing |ight
being a linearly 5 polarized |light parted by the first polarizing beam
‘splitter to the optical recording layer in the optical recording nedium
wherein the first polarizing beam splitter and the second pol ari zi ng beam
splitter are polarizing beamsplitters provided with polarizing 10
diffraction gratings for parting the trarisimitting light along polarization
directions by diffracting first_and second linearly polarized incident
| i ghts whoseaxpel BYi 2aseeandi PeERrdAsNdr BepBr pRAdiEaFaRrSt 8 B&8R other, and
the diffraction gratings have diffraction 15 characteristics that the
pol ari zat i onceBbaraRg oReangl eanflofheddpyat hecarfrfaénedbei PRELIFRAearl y
pol arized light and the diffracted second Iinearl¥ pol ari zed light is
| arger than FRECHFIRFatBYER ah§l ESBFCEHEcTn@fdentatpi RBARFY Y golaFPEed |i ght.
20 Further, in the above-nentioned _optical  data [ecordin%/re r oduci ng
devi ce, eachP¥f 1¥hadiftsRTafdr *BERGHEIPEI At FRFngebBANfspLRERELY conprises a
honbgeneous refractive,index transparent terial _having an averaged
fefractive | RGLREbECHeOATE BRAFRGr Vr GPPaltFob PRUBEAONSSPEAY an
extraordinarg e% actve hndex ne, -which isnfiéled I N ?g | east _concave
portions of p%b éﬁﬁr Pi GOFdRFySEal T er gy HavfRgT ahtor 8FngPY1Faf ract i ve
i ndex no and_an Zg. extrgordinaﬁg refrgﬁti¥e igdex ne.and h%ving t he cross-
recording medium, w reiln e 1rs polarlzlng eam
splitter and the second polarizing beam splitter are
polarizing beam splitters provided with polarizing
10 diffraction gratings for parting the transmitting light
along polarization directions by diffracting first and
second linearly polarized incident lights whose
polarization directions are perpendicular to each other,
and the diffraction gratings have diffraction
15 characteristics that the polarization separation angle
formed by the diffracted first linearly polarized light
and the diffracted second linearly polarized light is
larger than the diffraction angle of the incident
linearly polarized light.
20 Further, in the above-mentioned optical data
recording/reproducing device, each of the first and
second polarizing beam splitters comprises a homogeneous
refractive index transparent material having an averaged
refractive index between an ordinary refractive index n,
25 and an extraordinary refractive index n., which is filled

in at least concave portions of a polymer liquid crystal

layer having an ordinary refractive index n, and an



sectional shape of a sawtooth form In the above-nentioned optical data
recor di ng/ reproduci ng device, each of the first and 5 second polari zing
beam splitters conprises a first polarizing diffraction grating for
diffracting only an incident light of first linearly polarized light and a
second polarizing diffraction grating for diffracting only an incident

| i ght of second linearly polarized 10 light, which are | am nated. Further,
in the above-nentioned optical data recozdi ng/reproduci ng device, each of
the first and second polarizing diffraction gratings, conprises a polyner
liquid cryst 8KtFaPEFRIRAFYng SdRaGitdivVRartPIts Fef 2Rt ROBIPAdERENETARAan
extraordinary refractive index ne and having the cross-sectional shape of
sawt oot h- | PRELEPALaf8aR SN G0 GeFEUIS OPetY 05T ve i ndex transpar ent
material having an ordinary refractive index no or an extraordinary

refractive i ndex e i@ iSSP SGh RE15¢Y 6552 concave portions of the
polymer liquid crystal |ayer wherejn.the polyner. | iquid crystal |ayer
Compri ses  t FECBETyREY FEPARPHCARSs L 4oy e e Ofn o £hESH FBA ng

G cefLone, ke L0050 L, 0 LBACLS e BELRSA. Ul g1, Lg each of her

showi ng a 26, onstiuet i0nal exaump! 6.9 A st AThedlIRNy ahiiigPhase

incident light of first linearly polarized light and a
second polarizing diffraction grating for diffracting
only an incident light of second linearly polarized

10 light, which are laminated.

Further, in the above-mentioned optical data
recording/reproducing device, each of the first and
second polafizing diffraction gratings comprises a
polymer liquid crystal layer having an ordinary

15 refractive index n, and an extraordinary refractive index
ne and having the cross-sectional shape of a saw-tooth-
like form and a homogeneous refractive index transparent
material having an ordinary refractive index n, or an
extraordinary refractive index n., which is filled in at

20 least concave portions of the polymer liquid crystal
layer wherein the polymer liquid crystal layer comprises
two polymer liquid crystal layers in which the aligning
directions of the molecules in the layers are
perpendicular to each other.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view showing a



pl ate according to the present invention. Fig. 2 is a plane view showing a
constructional exanple of a first enbodi nent of the phase plate 5 according
to the present invention. Fig. 3 is a diagramshow ng the function of the
‘phase plate of the present invention with respect to an S polarized
incident light. Fig. 4 is a diagramshow ng the function of the 10 phase
plate of the present invention with respect to a P polarized incident

light. Fig. 5 is a diagramshowi ng the fugtion of the phase plate of the
present invention with respect to A and B polarized incident lights. is
Fig. 6 is a cepnstrsettipoaal evperlsholi agfarstoasbedémentalb fekigpbbast a
second enbodi nent of the phase plate according to the present invention.
Fig. 7 is a ptess-seeprdnad Vpeﬁgghﬁﬁﬁﬁgné ipyaAstiasti onal exanple of a
third enbodi nent of the phase_ 20 plate according to the present invention.
Fig. 8 is a crosEiSecki aral wilenesNoRinghaviagnst codisitawalti®badpl e of a
fourth enbodi nent _of the phase plate according to the present invention.
Fig. 9 is anc¥apPafaPérg diagtaminbREWEEtacki Fg? phgsenpdaitrent of the
optical data recording/reproducing device according to the present

i nventiorf ARSECFEiRg tph&hexprafghsr yRUPRLaR showi ng the structure of a 27

conventional optical data recqrding/reprqducing device D4
Fig. 3 is a diagram showing thé function of the

phase plate of the present invention with respect to an S
polarized incident light.
- Fig. 4 is a diagram showing the function of the

10 phase plate of the present invention with respect to a P
polarized incident light.

Fig. 5 is a diagram showing the function of the
phase plate of the present invention with respect to A
and B polarized incident lights.

15 Fig. 6 is a cross-sectional view showing a
constructional example of a second embodiment of the
phase plate according to the present invention.

Fig. 7 is a cross-sectional view showing a
constructional example of a third embodiment of the phase

20 plate according to the present invention.

Fig. 8 is a cross-sectional view showing a
constructional example of a fourth embodiment of the
phase plate according to the present invention.

Fig. 9 is an explanatory diagram showing a first

25 embodiment of the optical data recording/reproducing
device according to the present invention. Also it is

the explanatory diagram showing the structure of a



nounting a two-parted optical rotation elenent 100. Fig. 10 is an

expl anat ory di agram showi ng a second enbodi nent of the optical data
recordi ng/ reproducing 5 device according to the present invention. Fig. 11
‘is a cross-sectional view showing a constructional exanple of a first

enbodi mrent of the polarizing beamsplitter according to the present
invention. 10 Fig. 12 is a cross-sectional view show ng a constructional
exanpl e of a second enbodi ment of the pokarizing beamsplitter according to
the present invention. Fig. 13 is a cross-sectional view showing a is

const ruct i onaPNERERPPE2SF ORLLRRAd dafBodiCReRt 160 /Re T og6Icarioz idey IsearmR4
splitter according to the present. invention. Fig. 14 is a cross-sectional

vi ew showi ngMaunEsAgt PutPoRar tedarplté Cofl Foreticn eHsadintedtO0hf the 20

pol ari zing beamsplitter aaccording to the present invention. Fig._ 15 is an
expl anat ory di agFaf-f a0 é¥ple&i ﬁ&éiqgi§oﬁﬁﬁ4ﬁ§%ﬂ%?(ﬁhQW&RﬁcﬂrﬁquP@1third
enbodi nent of the, optical data recording/reproduci ng device nounting 25
thereon a pofBPPZiRGREeSM SPPi PPERCadc 8RdPNG SCOTERET/ BrELaNIG A Nt i on. Fi g.
16 is an explanatory di agram for xplainin% the 28 principle of reproducing
in a third e%H&FﬁeﬁFCBF%ﬂHQ to the present 1nvention.

Fig. 11 is a cross-sectional view showing a
constructional example of a first embodiment of the
polarizing beam splitter according to the present
invention.

10 Fig. 12 is a cross-sectional view showing a
constructional example of a second embodiment of the
polarizing beam splitter according to the present
invention.

Fig. 13 is a cross-sectional view showing a

15 constructional example of a third embodiment of the
polarizing beam splitter according to the present
invention.

Fig. 14 is a cross-sectional view showing a
constructional example of a fourth embodiment of the

20 polarizing beam splitter according to the present
invention.

Fig. 15 is an explanatory diagram for explaining the
principle of recording in a third embodiment of the
optical data recording/reproducing device mounting

25 thereon a polarizing beam splitter according to the

present invention.

Fig. 16 is an explanatory diagram for explaining the



opt.ical data recording/reproduci ng device nmounting thereon a polarizing
beam splitter according to the present invention. 5 Fig. 17 is an

expl anatory diagram for explaining the principle of recording in a
‘conventional optical data recording/reproducing device. Fig. 18 is an

expl anatory diagramfor explaining the principle of reproducing in a
conventional optical data 10 recording/reproducing device. Fig. 19 is an
expl anat ory di agram for explaining polarggation. Fig. 20 is a
cross-sectional view showi ng a constructional exanple of a conventional
bonded- pri snpribcipge pdl aepriodydie@mispla tthérd Rimpoddmerns: @ fortdss- secti ona
view show ng a constructional exanple of a conventional flat plate type

pol ari zi ng beatmispli tege rz2eBRSTIVIBEPCOR CGARRAENG caUMOTHEE IgVENTI ON | n t he
foll owi ng, sone enbodi nents of the present invention will be described with
ref erence t othiegeoac@omedairdd iddakiadd SPIIRST cEVBORIAVENTIOR PHASE PLATE 25
Fig. 1 and Fig. 2 are respectively a cross-sectional view and a plane view
showi ng a phRgesghat envengfioa.first enbodi nent concerning the phase plate

according to the 29 present invention. The phase plate PL is of a 4-layer
struct ur es Fig. 17 1s an explanatory diagram for explaining the

principle of recording in a conventional optical data
recording/reproducing device.
Fig. 18 is an explanatory diagram for explaining the
principle of reproducing in a conventional optical data
10 recording/reproducing device.
Fig. 19 is an explanatory diagram for explaining
polarization.
Fig. 20 is a cross-sectional view showing a
constructional example of a conventional bonded-prism-~
15 type polarizing beam splitter.
Fig. 21 is a cross-sectional view showing a
constructional example of a conventional flat plate type

polarizing beam splitter.

20 BEST MODE FOR CARRYING OUT THE INVENTION
In the following, some embodiments of the present
invention will be described with reference to the
accompanied drawing.
FIRST EMBODIMENT OF PHASE PLATE
25 Fig. 1 and Fig. 2 are respectively a cross-sectional
view and a plane view showing a phase plate Pl of a first

embodiment concerning the phase plate according to the



conprising a transparent substrate 1, a polyner liquid crystal film2 (2L,
2R), a honobgeneous refractive index 5 transparent material 3 and a
transparent substrate 4 wherein the order of lam nated naterials is
‘partially different in left and right regions. A polyner liquid crystal
film2L having a retardation value of A/2 with respect to a wavelength A
10°is fornmed in only a left side portion of two-parted regions in a single
surface of the transparent substrate 1 as9the top |ayer, and a pol ymer
liquid crystal film2R having a retardation value of A/2 with respect to
the wavel engrRsAnis 1hgemsdorn only a right side portion of 1s two-parted
regions in a single surface of the transparent substrate 4. The transparent
substrate 1 and tlhe phesespdede Pdubst oft @ 4 dey orrdediEoichat t he
honobgeneous refractive index transparent material 3 is_filled in the space
where there FeMpslgangngr trpggrar2otepybealratic h Fhpelymes gHae Pl ate P1
havi ng two-parted _portions is formed. The polynmer liquid crystal film2is
prepared as ckystaks 1AM gnieht PByer & brBoIshemts feiractdiiendndeduid 25
crystal are coated on the transparent substrates 1, 4, treatnents for

provi di ng® pr EdENEPRTREE BRLGHILAG di PBE: PofaasPaganti sybstratesdectively, a
m xed solution 30, conprising |iquid crystal nongnmer having an_ani sotropy
refractive i WO&¥SaRd thepoF¢iRer PFatPBANRRPE BRbETie lSodfeartially

different in left and right regions.
A polymer liquid crystal film 2L having a
retardation value of A/2 with respect to a wavelength A
10 is formed in only a left side portion of two-parted
regions in a single surface of the transparent substrate
1 as the top layer, and a polymer liquid crystal film 2R
having a retardation value of A/2 with respect to the
wavelength A is formed in only a right side portion of
15 two-parted regions in a single surface of the transparent
substrate 4. The transparent substrate 1 and the
transparent substrate 4 are bonded so that the
homogeneous refractive index transparent material 3 is
filled in the space where there is no polymer liquid
20 crystal film. Thus, the phase plate Pl having two-parted
portions is formed.
The polymer liquid crystal film 2 is prepared as
follows.
Alignment layers (not shown) for aligning ligquid
25 crystal are coated on the transparent substrates 1, 4,
treatments for providing predetermined aligning

directions are carried out respectively, a mixed solution



uni.formy, and ultra-violet rays for photopolynerization are irradiated to
pol yneri ze the solution. Thus, the 5 polyner liquid crystal filnms 2L, 2R are
formed in parallel to the surface of each transparent substrates 1, 4.
‘Here, the alignnent |ayer on each of the transparent substrates 1, 4 is
previously subjected to an aligning treatnent in an oblique direction as
shown in Fig. 2 10 whereby liquid crystal nolecules in the polyner |iquid
crystal filnms 2L, 2R are aligned mutually3sMth predeterm ned angles. Here,
each of the predeterm ned angles neans an angle between 40 and 50. A
desired effeemPEaRibe Sbrailde§ TWSthiln MOnOmesn oy ingnge aNLSOGFRPYS t he best
angle is 45. In the follow ng explanation is made in the case of 45. Then,
the pol yner Fe§apgtévestarer ppg BnPopeBictiiédt 108gilodd 1k orheé st caassar ent
substrates 1, 4 are_renoved by using photolithography and a reactive ion
et chi ng et heaifoomigmeppd Pﬁéyaaﬁféogre&cé%éd fos pPhetoprd YBSTy#Bt Lorqui d
crystal film2L is in.only a left side portion of the two-parted regions
and the pol yAge Ergardacedsts Polivmerrze $hen sediyyienri ghtvusi debBortion of
the two-parted_ regions. By this, .a_half-wave phase plate 21 having two 25
parted pd?tiBﬁ%YWﬁrpﬂéﬁélQiEﬁyﬁéﬁlbél&HFaPﬁed2%héﬁﬁ iF OTWFEN 1he pol yner
refractive_ index of no and_ an extra%rdinary

liquid crystal h n ordi nar
refractive SEarFﬁjﬁ &F ﬁbe(ﬁﬁfﬁfFetﬁg SRGH & 3HFPERERLI SHPSE TR PN la

countercl ockwi se rotatjon, as indicated by obliqgue Lipes
4. Here, the ' alignment Rayeryon eagﬁ of the transparent

substrates 1, 4 is previously subjected to an aligning
treatment in an oblique direction as shown in Fig. 2

10 whereby liguid crystal molecules in the polymer liquid
crystal films 2L, 2R are aligned mutually with
predetermined angles. Here, each of the predetermined
angles means an angle between 40° and 50°. A desired
effect can be obtained within such angle range although

15 the best angle is 45°. In the following explanation is
made in the case of 45°.

Then, the polymer liquid crystal films in specified
regions on the transparent substrates 1, 4 are removed by
using photolithography and a reactive ion etching method.

20 Namely, they are processed so that the polymer liquid
crystal film 2L is in only a left side portion of the
two-parted regions and the polymer liguid crystal film 2R
is in only a right side portion of the two-parted
regions. By this, a half-wave phase plate Pl having two-

25 parted portions in plane view can be obtained wherein
when the polymer liquid crystal has an ordinary

refractive index of n, and an extraordinary refractive



in.Fig. 2, i
axis. Here,

s the direction of extraordinary refractive index, i.e.
the angle cb is 22.5 so 5 that the aligning directions of

crystal nolecules in the polyner liquid crystal filns 2L, 2R nmake an

‘of 45." Now,

explanation will be made as to states of polarization of

emssion light in a case that an S 10 polarized Iight and a P polari
light as linearly polarized |lights which have a wavel ength A and whose
pol ari zation directions are perpendicul ar31o each other, enter into

phase pl ate

P1L with reference to Figs. 3 and 4. 15 The S pol arized

a slow
liquid
angl e

zed

t he
i ght,

when passed thfedghft Re (Regldon &het BagYdRyneriengaitdosr p&t & MilEm 2L in a
+Z direction, has a_polarization direction rotated by +45 so as to
a B pol ari ze€oRP§RECLOEKWESE. TILAF}ON HeReRBALCRIEA P pRddese RLHSGh t he
region of the polyner 20 liquid crystal 2R, the polarization directio
rotated by IB5Fig-bécodf ARSAJPERSLLLBICL GHErEOEE1IRREY SEBFRCLiTR t he

ot her hand,

the P polarized_light, when passed through the region of

pol ymer | i quitB9€Kysial- B FAPYL3KASa +728fr eblR? oR9t fePpifasizali B

direction is

25 rotated by +45 to becone an_A polarized lLight (see F

4(A)). HowevERatwhBR P91€8§§85déﬁﬁﬁﬁdﬁn§h8fré@ﬁBHdOFryﬁéalp8p9ﬁ§Plﬁﬁq

crystal film2R,  the polarizatiq
a B pol ari zed™ FP&hPOE

10

15

20

25

tiion i.s rotated by -45 to

32 dire
YBE R UAPEF FYSREdoraiRG gL HE PRESe =P 20811
of 45°.

Now, explanation will be made as to states of
polarization of emission light in a case that an S
polarized light and a P polarized light as linearly
polarized lights which have a wavelength A and whose
polarization directions are perpendicular to each other,
enter into the phase plate Pl with reference to Figs. 3
and 4.

The S polarized light, when passed through the
region of the polymer liquid crystal film 2L in a +%Z
direction, has a polarization direction rotated by +45°
so as to become a B polarized light (see Fig. 3(A)).
However, when it passes through the region of the polymer
liguid crystal 2R, the polarization direction is rotated
by -45° to become an A polarized light (see Fig. 3(B)).

On the other hand, the P polarized light, when
passed through the region of the polymer liquid crystal
film 2L in a +Z direction, the polarization direction is
rotated by +45° to become an A polarized light (see Fig.
4(a)). However, when it passes through the region of the

polymer liquid crystal film 2R, the polarization

becone
nis

t he
ig.

ui d
becone



provi des the same function as the two-parted optical rotation plate 100
shown in Fig. 17 when data are 5 recorded by using the optical data
recordi ng/ reproduci ng device which will be described |ater. Further,

"expl anation will be nade as to states of polarization of emission light in
a case that an A polarized light and a B polarized light as linearly 10
polrari zed |ights of wavel ength A having polarization directions

per pendi cul ar to each other are respectiv&Ey incident into the regions of
polymer liquid crystal film 2L and polymer liquid crystal film2R of the
phase plate dPIe@riRns éFeFefaéefobri g455. to5PEREMA FoPaliczed iassht, when
passed through the region of the polyner liquid crystal film2L in a -Z

di rection, &égb@ afeeafiign di(Bécti ohCFerdbrated BYye-rRaseorpatsnila P

pol ari zed Ilght On the other hand, .the B polarized |light, when passed
through t he PEgVaASEf thRe SeepSPPRER O gt Gher yePapariy oRbi¢d -7
direction, the polarization direction is rotated by +45 to becone a P

pol ari zed | i §REALACBOPAPREI y00t FE°PRad® Prare P1WESR FRGH @&t he sane
function as the two-parted . optical rotation plate 10Q 25 shown in Fig. 18 in
the case of F@ﬁPSéﬁélH@ Hﬁﬂagb§hﬁspﬁﬁlcﬁﬁed6ﬁﬁlE&Foﬁéﬂég/reprOduClng
recordi ng/ reproduci n vi ce_descr. bed t 33 Accordingly, when the
phase plate EfvéFetW i5 e?éﬁ% gﬁv@ﬁ?F5ﬁ Fg §§§8rfor t wo- parted opti cal

rotation plate Further, explanation will be made as to states of
polarization of emission light in a case that an A
polarized light and a B polarized light as linearly

10 polarized lights of wavelength A having polarization
directions perpendicular to each other are respectively
incident into the regions of polymer ligquid crystal film
2L and polymer liquid crystal film 2R of the phase plate
Pl with reference to Fig. 5.

15 The A polarized light, when passed through the
region of the polymer liquid crystal film 2L in a -2
direction, the polarization direction is rotated by -45°
to become a P polarized light. On the other hand, the B
polarized light, when passed through the region of the

20 polymer liquid crystal film 2R in a -Z direction, the
polarization direction is rotated by +45° to become a P
polarized light.

Accordingly, the phase plate Pl can provide the same
function as the two-parted optical rotation plate 100

25 shown in Fig. 18 in the case of reproducing data by using

the optical data recording/reproducing device described

later.



100 shown in Figs. 17 and 18, the same function can be realized with only a
single part. Further, the etching 5 and the position adjustnent to the
polymer liquid crystal filns can be conducted with high accuracy to the
‘nearest mcron level. Accordingly, there can be |l ess deterioration of the
characteristics due to the displacenent of boundary of the two-parted
regions of the 10 polyner liquid crystal film2L and the polynerization
liquid crystal film2R SECOND EMBODI MENT3XOF PHASE PLATE Now, a phase plate
P2 as a second enbodi nent concerning the phase plate of the present
invention will 25chzddasdi belien ther dhesendd ate dlawihgheFinyes®rits a
cross-sectional view show ng the phase plate P2 of the second enbodi nent of
the present imvieehipBnis|usefi §oph&we-ppratedpeptikaldirpteténn pdiake is that
unli ke the first enbodiment in which polynmer 20 liquid crystal films having
di fferent al +9hi agowdi iecFiighs, 1ihreA &8rr E8poRaMe0 fRE tpoNy MBR Biequi d
crystal film2L and _the olyner liquid crystal film2R, are formed by

et chi ng and baﬂ-é?ﬁiﬂnyltg BROY 02aFiLBAL gLk hotUTF Bhes edtheretching

phot opol yneri zati on of gquid crystal 25 nonomer so that the alignin

di recti orfs o?n@hEhﬁlEBFatlePyéﬁéPsﬁﬂﬁééuFQStBﬁ PﬁéYBGFy%éHUPﬁqEFaséﬁastaI
films 2L, 2R nake an gl e of ecifically, a m xed sol ution of

S
i quid crystQFlﬁﬁnSﬁBrgﬁaGPﬁéuﬁﬁegnW%Bpr polr BEFHERFYe tPnd8R BRGTESt

micron level. Accordingly, there can be less
deterioration of the characteristics due to the
displacement of boundary of the two-parted regions of the

10 polymer liquid crystal film 2L and the polymerization
liquid crystal film 2R.

SECOND EMBODIMENT OF PHASE PLATE

Now, a phase plate P2 as a second embodiment
concerning the bhase plate of the present invention will

15 be described with reference to drawing.

Fig. 6 is a cross-sectional view showing the phase
plate P2 of the second embodiment of the present
invention. In this phase plate P2, the different point
is that unlike the first embodiment in which polymer

20 ligquid crystal films having different aligning
directions, which correspond to the polymer liquid
crystal film 2L and the polymer liquid crystal film 2R,
are formed by etching and patterning, a photo-aligning
method is used for photopolymerization of liquid crystal

25 monomer so that the aligning directions of the liquid
crystal molecules of the polymer liquid crystal films 2L,

2R make an angle of 45°,



pol.ymeri zation initiator is injected uniformy between the transparent
substrates 1 and 4 and ultraviolet rays 5 for photopol yneri zation are
drradiated as a linearly polarized |light so that a polarization direction
of +22.5 is applied to the region of the polynmer liquid crystal film2L
and a polarization direction of -22.5 is applied to the region of the
pol'ymer liquid crystal film10 2R Thus, the polyner liquid crystal filns
2L, 2R can be forned to have the sane pas4ded aligning |layers as the first
enbodi ment. There is a nethod enpl oyi ng anot her photo-aligning mnethod.

Ali gnnent | ayer s Smeg iffgiondd Yon a e xashisersitafon oF tlHenpisl yamwrstdqui d crystal
films 2L, 2R on the transparent substrates 1, 4, patterning and aligning
treat nents amenemeri 8dveny o ehé sgitirgpie e firapsiyesdndarataral iggni ng
directions of the liquid crystal nolecules of the polyner |iquid crystal
filnms 2L, 2RP@LyMmeparkatarn20nafgRéost 145 1ng egiteed uadifiprimdyy dfetvwepm d cryst al
nmononmer having an ani sotropy refractive index and a_ polynerization
initiator istBeat&Eangrpreni yubshdatest: lagngl &t angy #lftgrvgiediedpaiayser i zat i on
are irradiated to polynerize the solutiagn whereby the polyner liquid 25
crystal %1 mbCZLPhOROPRINMEEVZAG IR PAL S HEFaslPgRRe®S Bn LinesFdi'se to the
aligning direction of  the_alignnent |ayer in each region on the transparent
substrat es 1P°4ardzrdpd igHt £y BRL AcOOLGrAGRYIthE1BIRESd B &fe P2 of the

second . . . .
+22.5° is applied to the region of the polymer liquid

crystal film 2L and a polarization direction of -22.5° is
applied to the region of the polymer liquid crystal film

10 2R. Thus, the polymer liquid crystal films 2L, 2R can be
formed to have the same parted aligning layers as the
first embodiment.

There is a method employing another photo-aligning

method. Alignment layers are formed on the regions of

15 the polymer liquid crystal films 2L, 2R on the
transparent substrates 1, 4, patterning and aligning
treatments are carried out to the alignment layers so
that aligning directions of the liquid crystal molecules
of the polymer liquid crystal films 2L, 2R will make an

20 angle of 45°, a mixed solution of liquid crystal monomer
having an anisotropy refractive index and a
polymerization initiator is coated uniformly, and
ultraviolet rays for photopolymerization are irradiated
to polymerize the solution whereby the polymer liquid

25 crystal films 2L, 2R each having a parallel alignment in
response to the aligning direction of the alignment layer

in each region on the transparent substrates 1, 4, can be



enmbodi ment can omit the etching process to the polymer liquid crystal film
aligned uniformy and the filling 5 process of the honbgeneous refractive

i ndex transparent material 6, as conducted in the phase plate Pl of the
‘first ‘embodi ment. Therefore, the manufacturing process can be sinplified.
THI RD EMBODI MENT OF PHASE PLATE 10 Now, explanation will be made with
ref'erence to the drawing on a phase plate P3 as a third enbodi nent
according to the phase plate according to3fhe present invention. Fig. 7 is
a cross-sectional view showi ng the phase 15 plate P3 of the third

enbodi nent offorRedpresent invention. In this phase plate P3, a hal f-wave
plate 5 having a retardation value of V2 with respect to a wavelength A
i s formed unif or AScwIRinEingl s whare Hiate B9 ght theiskindi de of a
transparent substrate 1, the 20 slow axis of which extends in an angul ar
direction of empegimeritn Cesumiic thek witsd inst ATcsesSs thdhsamolyilinter  as t he

pol ymer I|qU| d crystal film 2R shown in Fig. 2. Further, f& | ymer liquid
crystal film eguﬁ§\/|0r¥g’5éalslfdwa>al§9ésadew#§rm%ymr% Hhes fdilddad on (cr=0)

in Fig. 25 2 and a retardation value of A/2 with resO%ect to the wavel ength
Ais formed &Fogesisn@ile Hif MAERIRNRUS GIRITAGHIVS JRAPYd P A s par ent
substrate 4 in only a |left 36 ortion in_ the two-parted regions of the

devi ce. The MEt&ddsdr ént sy of did Bhegss et Busdt e 4

first embodiment. Therefore, the manufacturing process
can be simplified.
THIRD EMBODIMENT OF PHASE PLATE
10 Now, explanation will be made with reference to the
drawing on a phase plate P3 as a third embodiment
according to the phase plate according to the present
invention.
Fig. 7 is a cross-sectional view showing the phase
15 plate P3 of the third embodiment of the present
invention. In this phase plate P3, a half-wave plate 5
having a retardation value of A/2 with respect to a
wavelength A is formed uniformly on a single surface at a
light incident side of a transparent substrate 1, the
20 slow axis of which extends in an angular direction of
©=22.5° in counterclockwise rotation in the same manner
as the polymer liquid crystal film 2R shown in Fig. 2.
Further, a polymer liquid crystal film 6L having a
slow axis extending in an X axis direction ($=0°) in Fig.
25 2 and a retardation value of A/2 with respect to the
wavelength A is formed on a single surface at a light

emission side of a transparent substrate 4 in only a left



are bonded so that the region without the polyner liquid crystal filmis
filled wth a honogeneous refractive 5 index transparent material 3. For the
Jhalf-wave plate 5, a filmformed by stretching polycarbonate in a specified
direction to provide birefringence is used. The S polarized light or P

pol ari zed |ight passing through this half-wave plate 10 has its polarization
direction rotated by -45. Further, light passing through the region of
phase plate 6L has its polarization direggion rotated by further 90.
Accordingly, the optical performance of the phase plate P3 is the sane as
that of the Porstioor igedded tarwbadinhest repd ofgr tiethesideyd det- hdbeonly t he
polymer liquid crystal film®6L in conparison with the first enbodinent, it
i's unnecess&rpnsparendi deosiasitts dn aad tdemdrenspATemtdistgis)E T attige 4
two-parted phase plate can stably be obtained. 20 FOURTH EMBODI MENT OF
PHASE PLATE R&®, banglesk sopltipd mhead g ifogumifs hembso dihee po lotierhd igpiske pl at e
according to the present invention will be described wth reference to the
drawi ng. Fi gcrysitala fddgsdssddtlil@tamiilew SI8WOEaNS piedsactivepl ate P4
according to the fourth enbodi nent of the present invention. In this phase
plate 4, a pdhgeer tranGEed gty ddeH¥Lalm38L having a retardation val ue of X/ 2
37 wth respect to a wavelength Ais forned on a single _surface of a
transparent substicodt &Pe iheldnWAYe IR¥atasige @ f1lm formed by

stretching polycarbonate in a specified direction to
provide birefringence is used. The S polarized light or
P polarized light passing through this half-wave plate
10 has its polarization direction rotated by -45°. Further,
light passing through the region of phase plate 6L has
its polarization direction rotated by further +90°.
Accordingly, the optical performance of the phase plate
P3 is the same as that of the first or second embodiment.
15 Further, since it has only the polymer liquid crystal
film 6L in comparison with the first embodiment, it is
unnecessary to consider position adjustment.
Accordingly, the two-parted phase plate can stably be
obtained.
20 FOURTH EMBODIMENT OF PHASE PLATE
Now, a phase plate P4 as a fourth embodiment of the
phase plate according to the present invention will be
described with reference to the drawing.
Fig. 8 is a cross-sectional view showing the phase
25 plate P4 according to the fourth embodiment of the
present invention. In this phase plate 4, a polymer

liguid crystal film 8L having a retardation value of A/2



pottion of the two-parted regions, and a polyner liquid crystal film8R
having a retardation value of A/2 with 5 respect to the wavelength Ais
formed on a single surface of a transparent substrate 4 in only a right
‘side portion of the two-parted regions. A honpbgeneous refractive index
transparent material 3 is filled in the area wthout the polymer liquid
crystal filns in the sane 10 manner as the first enbodi nent. The different
points in this phase plate P4 are such thkat the aligning directions of the
nol ecules in the polyner liquid crystal filns 8L, 8R, i.e., the slow axis
di rections t hertdofrespest e san@vedmhoithal flandemmdatan 2 kBrwhd ng a
retardation value of A/2 with respect to the wavelength A are sandw ched
bet ween t he Isiugdfiagec ofstaalt rafnispeg erithe udmflred <0 lofint e lst ew ledds sifde he
polymer liquid crystal films 8L and 8R and the half-wave plate to the X
axi s are reneordd oro He the2 2we-parreds raud om0 arsk gead neier, Mtmeried a can be
an optional angle. The above-nentioned structure provides the feature as
foll ows. Despirtvstefl tfidpdRatiardtidom dietegqdadicsf valug mdatAR peltdri zed
incident light, the polarization states of em ssion light in the two-parted
regi ons of 23 eselaptertd ithe asielanathy iN g dIormER &re g isiewrle goinkdcat i ons
of 45 with respect to the polarization directions of incident Iight,

nanely, |ine&f y palaaspasErds sSUbAtdSiteh 4 ilghtod lor os siltats ifde it i@yl e can

be obtained. As a result, even when the_pol arization .
of the two-parted regions. A homogeneous refractive

‘index transparent material 3 is filled in the area
without the polymer liguid crystal films in the same
10 manner as the first embodiment.

The different points in this phase plate P4 are such
that the aligning directions of the molecules in the
polymer liquid crystal films 8L, 8R, i.e., the slow axis
directions thereof, are the same, and a half-wave plate 7

15 having a retardation value of A/2 with respect to the
wavelength A are sandwiched between the liquid crystal
films. The angles & of the slow axes of the polymer
liquid crystal films 8L and 8R and the half-wave plate to
the X axis are rendered to be o+22.5°, o-22.5° and o

20 respectively, where o can be an optional angle.

The above-mentioned structure provides the feature
as follows. Despite of the polarization direction of a
linearly polarized incident light, the polarization
states of emission light in the two-parted regions of

25 polymer liquid crystal films 8L, B8R are linear
polarizations of *45° with respect to the polarization

directions of incident light, namely, linearly polarized



di krection of incident light fluctuates froma predetermned slow axis
direction of the half-wave plate 5 7, linearly polarized lights crossing at
aright angle are always emtted fromthe phase plate P4 according to the
present invention, while in the phase plates according to the first to
third enbodi nents, the polarization directions of em ssion |ight do not
cross at 10 a right angle. FIRST EMBODI MENT OF OPTI CAL DATA
RECORDI NG REPRODUCI NG DEVICE In the follosgng, a first enbodi ment of the
optical data recording/reproducing device of the present 15 invention wll
be descri bedemiesdion tlhghgisasaosisding RPL &s righd fanwslte ardsodisrent of the
phase plate is used as the two-parted optical rotation plate 100 of the
opti cal dataObﬁ@é@ﬁéhngﬁﬁeﬁréﬁﬁéEﬁg geencehsRokhei RORFRE1Z9L1PHe optical data
recordi ng/ reproducing device DI 20 shown in Fig. 9 conprises generally a

l'i ght sour cedirectioncoif] ilmgricenteds oht? flacialeftegaie g @ e 113 as an
optical rotation elenment, a first polarizing beamsplitter 114 (PBS) for
separ ati ng t FEeggitesmdned glow fothst K ngcgrien sdurtde el f et ladte i ght
nodul ating el ement 119 for 25 producing an object |ight, a_second beam
splitter §BSY: 1limepailyePOlag i&eds lgobds £4@SSigt adofponieitt e  obj ect
| ight, a second paql arizing beamsplitter 116 (PBS) 39 for conbi ning an

obj ect | i ght 2&id 2dvieePe FBIREE G Fem £P& ipheE @M $HIR4 BRI 15P £ or

separating a reference . . .
P 9 t%e present invention, while in the phase plates

according to the first to third embodiments, the
polarization directions of emission light do not cross at
10 a right angle.
FIRST EMBODIMENT OF OPTICAL DATA
RECORDING/REPRODUCING DEVICE
In the following, a first embodiment of the optical
data recording/reproducing device of the present
15 invention will be described wherein the phase plate P1l as
the first embodiment of the phase plate is used as the
two-parted optical rotation plate 100 of the optical data
recording/reproducing device shown in Fig. 9.
The optical data recording/reproducing device D1
20 shown in Fig. 9 comprises generally a light source 111, a
collimator lens 112, a half-wave plate 113 as an optical
rotation element, a first polarizing beam splitter 114
(PBS) for separating the emission light from the light
source 111, a spatial light modulating element 119 for
25 producing an object light, a second beam splitter (BS)
120 reflecting an S polarized light component of the

object light, a second polarizing beam splitter 116 (PBS)



light froma data |light, a photodetector 117 for nonitoring the |ight
intensity of the reference light, a 5 lens 121 for focusing the data |ight
.onto an inmage pickup element 122, the phase plate Pl according the first
enbodi ment and an objective lens 118 for focusing the reference light, the
object light and a reproducing light onto an optical recording medi um 10.
In*particular, the 10 phase plate Pl has function as the two-parted opti cal
rotation plate 100 shown in Figs. 17 and 18. Any of the phase plates P2 to
P4 according to the second to fourth enbodi ments may be used as the two-
parted opti cabrr soabiionng ane ofiveathd ight @ald datre I anssorldidiyy r épr oduci ng
device of the present invention, other than the phase plate P1 of the first
embodi ment. fAgesr eadl wrldd tsov®S)n Ifixg for, sararTatiadplragefgrancel
according to the first enbodi ment (although any of the phase plates P2 to
P4 may be useédphits fyeed & glatehd 199G -c enrdyosiedeatms- pi'alrfé@ropti cal rotation
pl ate 100 of optical data recording/reproduci ng device shown in Figs. 17
and 18, a r eBORLRFANEp ISR iLed to i tEaIs s tdm Iy inRf eenfal 11 Ze &and a

| i ght wei ght _and having accurately _parted regions for the polarized |ight
conponents offeds trdndwitt fosgsinghthec siatife Light AstFo AR e gsh i C Bt e
used in this enbodinent, a pha%%SJI plate in _which the nunber_ of partition of

the pol ymer £3eMeRduild Zcr ySaPas® lede PIRageasdingrithss Fifsther

I ncreased toe%%%\éli%%nftura}n erandlggjeerc?:qtv (?Lle%rsl ZZI.%.J[EBI Ofnor focusing the

reference light, the object light and a reproducing light
onto an optical recording medium 10. In particular, the

10 phase plate P1 has function as the two-parted optical
rotation plate 100 shown in Figs. 17 and 18.

Any of the phase plates P2 to P4 according to the
second to fourth embodiments may be used as the two-
parted optical rotation plate for the optical data

15 recording/reproducing device of the present invention,
other than the phase plate Pl of the first embodiment.

Accordingly, as shown in Fig. 9, when the phase
plate Pl according to the first embodiment (although any
of the phase plates P2 to P4 may be used) is used for the

20 conventional two-parted optical rotation plate 100 of
optical data recording/reproducing device shown in Figs.
17 and 18, a recording/reproducing optical system having
a small size and a light weight and having accurately
parted regions for the polarized light components of
25 transmitting light, can be realized.
As the phase plate used in this embodiment, a phase

plate in which the number of partition of the polymer



states of transmtting |light, may be used. Al though description has been
made as to the case 5 that the aligning directions of the nolecules of the
polymer liquid crystal filmin each parted region in the phase plate are in
parallel to the surfaces of the transparent substrates and are uniformin
the thickness direction, the polymer liquid crystal nolecules may have 10 a
tw'sted alignnment in the thickness direction or a bent alignnment with an
inclination with respect to the transpargmt substrates in the thickness
direction as long as transmtting |ight can be polarized to be desired
spatial |l y padtiedigokawisted Ifiighmss.(216 RRFPH BUBODRVENE ORIRHASE PLATE Now,
description will be nade as to a phase plate P5 as a fifth enbodi nent of
the phase pl anergesedditngprovitke fwrédem didiementn polisirs zgitasm pl ate i s the
same as the phase plates P1 20 to P4 as two-parted optical rotation plates
accor di ng t osteftesf iofstreasfagtiinde Higditnemey &eceysect-hat the retardation
value with respect to an incident |ight having a wavelength X. (Ash A), of
each of the pol y@dithduaduideseryigttalorf iNass bHen 2RdAss1as to 8the 8Rsmd the hal f
25 wave plates 5, 7 as constructional elenents of the phase plates, is k X
As (wher €5 k it§a&n thet égegndndpesirEiard onsi @) thel mof@cudesmsife thessumi ng t hat
A=532 nm as the wavel ength of the _second harnonic wave of Nd: YAG | aser
polymer liguid crystal film in each parted region in the
phase plate are in parallel to the surfaces of the
transparent substrates and are uniform in the thickness
direction, the polymer liquid crystal molecules may have
10 a twisted alignment in the thickness direction or a bent
alignment with an inclination with respect to the
transparent substrates in the thickness direction as long
as transmitting light can be polarized to be desired
spatially parted polarized lights.
15 FIFTH EMBODIMENT OF PHASE PLATE
Now, description will be made as to a phase plate P5
as a fifth embodiment of the phase plate according to the
present invention.
This phase plate is the same as the phase plates P1
20 to P4 as two-parted optical rotation plates according to
the first to fourth embodiments except that the
retardation value with respect to an incident light
having a wavelength Ag (As#2A), of each of the polymer
liquid crystal films 2L, 2R, 6L, 7, 8L, 8R and the half-
25 wave plates 5, 7 as constructional elements of the phase

plates, is k x g (where k is an integer of positive

sign).



and A5=660 nm as the oscillation wavelength of a sem conductor |aser for
DVD are given, when the 5 retardation value is Rd=2.5xA (i.e., nr2), Rd=2xA5
(i.e., Kk=2). Further, assum ng that A=430 rimas the wavel ength of the
har moni ¢ wave of a sem conductor |aser of the oscillation wavel ength of 860
nm and A5=650 rimas the 10 oscill ation wavel ength of a sem conductor | aser
for DVD are given, when the retardation value is Rd=1.5xA (i.e., n¥l),
Rd=AS (i.e., k=1). By using such polyner 4iquid crystal filns and hal f- wave
plates with respect to the wavel ength A Iig&{ 15 having a wavel ength A
passi ng through &eg SHESw IS atdeSWinsartted 48 ™ 350119 zed |ight and a B
pol ari zed |light _as described before. However, the polarization of |light of
wavel engt h AwWaggdengght Pioliis SifEopRadePIorle WavighCta§ed Ya8nd asif&r ef ore it
is not separated into two. 20 As a result, in the Iight of wavel ength A5
passi ng thr8tgh?sheotPnhaseapl bhe, ceheliatisrdvapetepethi ghtain response to
the nunerical aperture of an objective lens can be obtai ned. SECOND
EMBODI MENT OF SEPFPEAUCHRTA Lass TRECERBIVNGAREPRANSN NBIBRVIEEE As a second
embodi ment of the optical data, recordin /reproduanq devi ce of the present
i nvention® afSA3TAghirlaVaddta 1fe &G di R r €pr Gduciig 'deFoce ®2 €6 ®hrch t he
phase pl ate i§2§ccording to the fifth enbodi nent of the
Further, assuming that A=430 nm as the wavelength of
the harmonic wave of a semiconductor laser of the
oscillation wavelength of 860 nm and As=650 nm as the
10 oscillation wavelength of a semiconductor laser for DVD
are given, when the retardation value is Rd=1.5xA (i.e.,
m=1), Rd=Ag (i.e., k=1).
By using such polymer liguid crystal films and half-
wave plates with respect to the wavelength A, light
15 having a wavelength A passing through the phase plate is
parted into an A polarized light and a B polarized light
as described before. However, the polarization of light
of wavelength Ag passing through the phase plate is
unchanged, and therefore it is not separated into two.
20 As a result, in the light of wavelength Ags passing
through the phase plate, the focused spot of light in
response to the numerical aperture of an objective lens
can be obtained.
SECOND EMBODIMENT OF OPTICAL DATA
25 RECORDING/REPRODUCING DEVICE

As a second embodiment of the optical data

recording/reproducing device of the present invention, an



phase plate is applied will be described wwth reference to Fig. 10. The
device D2 is different fromthe optical 5 data recording/reproduci ng device
Dl shown in Fig. 9 in the followng point. In the |ight path between the
pol ari zing beam splitter 116 as a beam conbi ni ng neans and the phase plate
P5, a beamsplitter 123 (DW) havi ng wavel ength 10 selectivity as a col or
beam conbi ni ng neans which allows to transmt |ight of wavelength A as an
object light or a reference light and red2ects |ight of wavelength X. (Ash
A) non-sensitive to the optical recording nmedium10, is |ocated to nmake the
optical axisoptirhd da¢iad&EsCoridgRy/serrs alge AgVA CAs DRo tive wihi cligtdenment
with the optical axis of the incident |ight of wavel ength A so that the

al i gned i ncbdase Pilghts Par acregdsdd &0 the Ifighh eabreimess lodydhe of the
optical recording nedium 10 by neans of the _objective |lens 118. 20 Here,
the |ight of Phasel edgtle xs eepdiict ¥d ldsbg Pesgaibedz wdthi geiferesaca i ght
source 124; is Egssed t hr ough a,polarizing_bean1s litter 125 and a
quarter-wavetopFage 186 byh@hfieHire P3 iendeféareptpEranciheupakigal

pol arized light; then, it is rendered to be a parallel 25 light by a

col | i mat ot I%ﬁ§alZ?C§ﬁ§lpgﬁﬁ%ﬂnﬁgﬁF1Pﬁt9EWH€e E@aﬁP§WPiPPe519239h&@ing

wavel engt h- sel ect_i it%” On the other hand, the light reflected at the Iight
43 reflecti & el&?ﬁﬂolﬁnghgo&ﬁﬁrcal recording medium 10 travels in the

original light p?ﬂ{léﬁé i?% é'Bé%ﬁﬂkégﬁéen the polarizing beam
splitter 116 as a beam combining means and the phase
plate P5, a beam splitter 123 (DMP) having wavelength-

10 selectivity as a color beam combining means which allows
to transmit light of wavelength A as an object light or a
reference light and reflects light of wavelength Ags (A7
A) non-sensitive to the optical recording medium 10, is
located to make the optical axis of the incident light of

15 wavelength As to be in agreement with the optical axis of
the incident light of wavelength A so that the aligned
incident lights are focused on the light reflection layer
of the optical recording medium 10 by means of the
objective lens 118.

20 Here, the light of wavelength A; is emitted as a P
polarized light from a light source 124; is passed
through a polarizing beam splitter 125 and a quarter-wave
plate 126 by which it is rendered to be a circularly
polarized light; then, it is rendered to be a parallel

25 light by a collimator lens 127 and is incident into the

beam splitter 123 having wavelength-selectivity.

On the other hand, the light reflected at the light



quarter-wave plate 126 by which it is rendered to be an S polarized |ight,

and the S polarized light is reflected 5 at a polarizing beamsplitter 125

.and focused on the [light receiving plane of a photodetector 128. Here,

since the phase plate P5 does not change the state of polarization of the

transmtting light of wavelength As, various known focus servo nethods and

10 “tracki ng servo nethods used for the conventional optical head devices

can be enployed. As a result, an interferé&hce pattern can be fornmed stably

in a specified region of the optical recording nedium 10. 15 FIRST

EVBODI MENT  OF eR@ieARI1LZING aBRAMISPIUIETER tRicg L redoyrding awsiligeetli®nal vi ew of

a polarizing beamsplitter PBl as a first enbodinent of the polarizing

beam splittetrayedsi ant kdeopriigdnadatld dhte®artdi g mamodigianghddhiice of the

present invention. 20 This polarizing beamsplitter PBl conprises

transparent S@sderateyelplatz 18 \yewhichuild drsy tendanaierts foen an 2

provi ded between the transparent substrates 11, 12 and a honpgeneous

refractive i BedRIZass gt wacetite S1Polar 13 ek 118 e beahedblitter

PB1, an alignnment 25 layer is forned on each single surface of the

transpar eht aduBsPrdees Zipg Pran 59 labte mdm® Iaé‘%erfé)célrs@%dﬁ} ddt®d to an

aligning treatnent and liquid _crystal nononer_is 44 coated thereon foll owed

by pol ymeri zatioby: Wﬁ§ﬁ§ﬁ?ﬂﬁbﬁ§ﬁ€ﬁ 5 GuPRHAPRTRCH%yersS i | A havi ng an

ordinary refractiyve .

Here, since the phase plate P5 does not change the
state of polarization of the transmitting light of
wavelength Ag, various known focus servo methods and

10 tracking servo methods used for the conventional optical
head devices can be employed.

As a result, an interference pattern can be formed
stably in a specified region of the optical recording
medium 10.

15 FIRST EMBODIMENT OF POLARIZING BEAM SPLITTER

Fig. 11 is a cross-sectional view of a polarizing
beam splitter PB1l as a first embodiment of the polarizing
beam splitter used in the optical data
recording/reproducing device of the present invention.

20 This polarizing beam splitter PBl comprises transparent
substrates 11, 12, polymer liquid crystal layers 11A, 12A
provided between the transparent substrates 11, 12 and a
homogeneous refractive index transparent material 13.

In this polarizing beam splitter PB1l, an alignment

25 layer is formed on each single surface of the transparent

substrates 11, 12, the alignment layers are subjected to

an aligning treatment and liquid crystal monomer is



i ndex no and an extraordinary refractive index ne (ne>no) are forned. In
this case, the alignnent |ayer on the 5 transparent substrate 11 is
.Subjected to an aligning treatnment so that the direction of polyner |iquid
crystal 11A, 12A is aligned in an X axis direction, nanmely, the direction
of the extraordinary refractive index coincides wth the X axis. On the
ot Her hand, the alignnment |layer 10 on the transparent substrate 12 is
subjected to an aligning treatnment so thatathe direction of polymer |iquid
crystal 12A is aligned in a Y axis direction, nanely, the direction of the
ext r aor di nar goaefdatheveoni fidétowednbydes lwnelr izhé i¥naxiherelby Podiymetrhese
pol ymer liquid crystal layers 11A, 12A are processed by photolithography
and reactivelignidetciictglt datersm BLazbdvdinbf ractirdn ngirat ineds aeddlvehavi ng a
shape of sawtooth-like grating in cross-section and a grating constant
(pitch) L anindekonegemdous extraerdieary refexctivaspadent ngatmeira)l havi ng
a refractive index ns_ equivalent to the ordinary refractive index no is
filled in theeréctnsdd pbitilohs ofsehetpel §hbonhnenhi da¥eysenl theayers to
form a honobgeneous refractive index transparent material 13, and at the
same tinmeg theanFRASPALeALBSTGEEsLlatle FURAGCERE traRSpardanisghstrate 2
are bonded. The sawtooth-like gratings of the polynmer liquid crystal
| ayers 11A, tzmasmentnssuEhatelthei O reRad ogi ohepodsmers 1isidCe ¢ 1hyF tB30
around the X axis with respect to the other as shown in Fig.. 11. The height
d of each of l1{Ae 122 is aligned in an X axis direction, namely, the
direction of the extraordinary refractive index coincides
with the X axis. On the other hand, the alignment layer
10 on the transparent substrate 12 is subjected to an
aligning treatment so that the direction of polymer
liquid crystal 12A is aligned in a Y axis direction,
namely, the direction of the extraordinary refractive
index coincides with the Y axis.
15 Then, these polymer liquid crystal layers 114, 12A
are processed by photolithography and reactive ion
etching to form blazed diffraction gratings each having a
shape of saw-tooth-like grating in cross-section and a
grating constant (pitch) L and a homogeneous refractive
20 index transparent material having a refractive index ng
equivalent to the ordinary refractive index n, is filled
in the recessed portions of the polymer ligquid crystal
layers to form a homogeneous refractive index transparent
material 13, and at the same time, the transparent
25 substrate 1 and the transparent substrate 2 are bonded.

The saw-tooth-like gratings of the polymer liquid

crystal layers 11A, 12A are in such relation that either



sawtooth-like polynmer liquid crystal layers 11A, 12A wth respect to an
incident light of wavelength X is 5 preferably d=X/(ne-ns) so that the +l st
order diffraction 1|ight beconmes maximal. In case that the blazed
‘diffraction grating having a sawtooth-1ike shape is approxi mated by a
step-like shape having N steps (Nis an integer of at least 3), the 10
heirght of the polyner liquid crystal layer to maxim ze the +lst diffraction
|l ight corresponds to d=((N- 1)/ N)xX/ (ne-ng3 \When such structure is enpl oyed
and a P polarized light as an ordinary polarized light with respect to the
15 pol ynmer | iguirdtertyst &y 1&PEr arbanids theciXdentls wWhHeh nwisgentt ldogghthe
transmts straightly through the blazed diffraction grating of the polyner

l i qui d crystalthkeayes shbAmwithdugo.béilng @héf hatobd Becdusechhefr eheactive
index of the polyner liquid crystal |ayer 11A agrees with the 20 refractive
i ndex of theshontgenbous keeprdomiere lilaed criystspardenyensatldd,all2f3. On t he
ot her hand, since the P polarized |[ight is an extraordinary polarized |ight
with respect wiisht fespelcygnte ani daicd denys tlalohitaypdr we@a L emigd hraxiisum
diffraction light 25 is generated in the direction of an angle e (in the +Y
axi s diretti prefierhblesgeet (Me-Rhe SO ddial) e i kst mrder =i tadyigmans of
the blazed diffraction grating due 46 to the difference of refractive

i ndi ces bet wdéahth®ecpsiegnEexigdi-d crystal |ayer 12A and the honpgeneous

In case that the blazed diffraction grating having a
saw-tooth-1like shape is approximated by a step-like shape
having N steps (N is an integer of at least 3), the

10 height of the polymer liquid crystal layer to maximize
the +1st diffraction light corresponds to d={(N-
1) /N}XA/ (ne-ng) .

When such structure is employed and a P polarized

light as an ordinary polarized light with respect to the

15 polymer liquid crystal layer 11A is incident, the
incident light transmits straightly through the blazed
diffraction grating of the polymer liquid crystal layer
11A without being diffracted because the refractive index
of the polymer liquid crystal layer 11A agrees with the

20 refractive index of the homogeneous refractive index
transparent material 13.

On the other hand, since the P polarized light is an
extraordinary polarized light with respect to the polymer
ligquid crystal layer 12A, the maximum diffraction light

25 1s generated in the direction of an angle 6 (in the +Y
axis direction with respect to the Z axis) satisfying

sinf=A/L by means of the blazed diffraction grating due



refractive index transparent material 13. In the fornula, Ais in the

wavel ength of the incident light and 5 L is the grating constant (pitch).
_Further, when the S polarized |light as an extraordinary polarized |ight
with respect to the polyner |liquid crystal layer 11A is incident into the
beam splitter, the maximumdiffraction light is generated in 10 the
direction of an angle 6 (the -Y axis direction with respect to the Z axis)
satisfying sin6=A/L by neans of the blazgg diffraction grating due to the
difference of refractive indices between the polynmer liquid crystal |ayer
11A and t he homrdeneouds erefcactofv erefndex ite timanses dettwesterdted 13. On t he
ot her hand, since the S polarized Iight is an ordinary polarized light with
respect to tpelpoleynminguiidquirysteystlalydrayer B248 ame tHomooefreacts ve i ndex of
the polyner liquid crystal |ayer 12A agrees with the 20 refractive index of
t he honogeneoes neefriaet iinelexndeanspeamsyiamerte metlerlial I8, thke i nci dent
light transmts straightly through the blazed diffraction grating of the
pol yrmer | i quifdromyistalh lisyen I2& wavedenosdi of tdief finadideht 25 dhte and

pol ari zing beamsplitter PBL is a flat plate type polarizing beamsplitter
wherei n a5 P polisr ithed driaghing comsdrertt (pidicdent into the pol arizing beam
splitter PB1L 47 is diffracted at an angle 9 in a direction of +Y axis
while an S pol ar iFedhdmghtwheshpdirert nosladifzqdhdtiathtatasarpn

extraordinary polarized light with respect to the polymer
liguid crystal layer 11A is incident into the beam
splitter, the maximum diffraction light is generated in

10 the direction of an angle 6 (the -Y axis direction with
respect to the Z axis) satisfying sin6=A/L by means of
the blazed diffraction grating due to the difference of
refractive indices between the polymer ligquid crystal
layer 11A and the homogeneous refractive index

15 transparent material 13.

On the other hand, since the S polarized light is an
ordinary polarized light with respect to the polymer
liguid crystal layer 12A and the refractive index of the
polymer licquid crystal layer 12A agrees with the

20 refractive index of the homogeneous refractive index
transparent material 13, the incident light transmits
straightly through the blazed diffraction grating of the
polymer liguid crystal layer 12A without being
diffracted.

25 The polarizing beam splitter PBl1 is a flat plate
type polarizing beam splitter wherein a P polarized light

component incident into the polarizing beam splitter PBl



angle 9 in a direction of -Y axis so that the P polarized light and S
pol arized |ight have their polarization 5 directions with a separation angle
29. According to the polarizing beamsplitter PB1 of this enbodinment, the
‘t hi ckriess of the device can significantly be reduced in conparison with the
conventional polarizing beamsplitter forned by bonding 10 prisns and can
i ncrease the separation angle of polarized lights in conparison with the
conventional flat plate type polarizing bpamsplitter. The above-nenti oned
expl anation concerns the case that the polymer liquid crystal |ayers 11A,
12A are 15 psodéssedctedhaveanhengamefgiat endicenstiant ofpittchkisHowever,
the grating constant (pitch) may be changed so that the diffraction angle
of the P polwhizedahi ghpoileridefif eight froponketditf dadtfirentadgké ef the S
polarized |ight when an incident light enters. Further, the saw 20
toot h-1i ke gangilag8 ofi ehdipekyien bitqui¥dazigstal thayetbe P1polazAzedy be
approxi mated by gratings having a step- |ike shape. SECOND EMBODI MENT OF
POLARI ZI NG BEAshSPandTERPoNeWL zedpllagati bavei thebs paderagatsoa second 25
enbodi ment of the polarized beamsplitter used in the optical data
recor di ngi r epibEaELAGSIPEBe aoFePREafEeseAndlendlntion. 48 Fig. 12 is a
cross-sectional view of a polarizing beamsplitter PB2 according to the
second enbodi nenfcgprding to the polarizing beam splitter PB1l o
this embodiment, the thickness of the device can
significantly be reduced in comparison with the
conventional polarizing beam splitter formed by bonding
10 prisms and can increase the separation angle of polarized
lights in comparison with the conventional flat plate
type polarizing beam splitter.
The above-mentioned explanation concerns the case
that the polymer ligquid crystal layers 11A, 12A are
15 processed to have the same grating constant (pitch).
However, the grating constant (pitch) may be changed so
that the diffraction angle of the P polarized light is
different from the diffraction angle of the S polarized
light when an incident light enters. Further, the saw-
20 tooth-like gratings of the polymer liquid crystal layers
112, 12A may be approximated by gratings having a step-
like shape.
SECOND EMBODIMENT OF POLARIZING BEAM SPLITTER
Now, explanation will be made as to a second
25 embodiment of the polarized beam splitter used in the

optical data recording/reproducing device of the present

invention.



the present invention. The polarizing beamsplitter PB2 is the sane as the
pol arizing beamsplitter PBL in that 5 the polyner liquid crystal |ayer 11A
having an ordinary refractive index n(c) and an extraordi nary refractive
index ne (ne>no) is fornmed on a single surface of a transparent substrate
11 and a bl azed diffraction grating having a sawtooth-like shape in
cross-section and having a 10 grating constant (pitch) L is fornmed by
processing, but is different fromthe pol@rizing beamsplitter PBl1 in that
the refractive index ns of the honbgeneous refractive index transparent
materi al to be fFligedli2n itshe cresessed tporkilons eof afhe pollyrerzingui d
crystal layer 11A is to form a honogeneous refractive i ndex transparent
materi al 14 bsamempéntderoPBd amcavdiagedor theaseicoad endexdifeatno)/ 2
between the ordinary refractive index n(c) and the extraordinary refractive
i ndex ne. Futhhepresenthasvantaddi-tiBhelpdldferony poantsphatten BBRyner
liquid 20 crystal layer is formed on the transparent substrate 12. In the
pol ari zi ng beantbpl samer akathagrsdenizingubeamesphhéiea PBaoliar thed | i ght
being an ordinary polarized light with respect to the polyner |iquid
crystal layefhelpolympncildenidi REYSERE BENRTspPILAL hawinghan25rddxpsm
diffraction light is generated in the direction, of an angle B (the

di rection of re¥ragtivai iRAeEsPectnd 02Nt Pt YRR 5B Rt FefyRpELlVReindex
above-nentioned sing=A/L by 49 neans of the blazed diffraction grating due
to the diffBreheeTof ﬂﬁefpéﬁﬁécPPvé SRBPLEs ShetReenothe pEppsPRTENt

substrate 11 and a blazed diffraction grating having a
saw-tooth-1like shape in cross-section and having a
10 grating constant {(pitch) L is formed by processing, but
is different from the polarizing beam splitter PRl in
that the refractive index ng of the homogeneous
refractive index transparent material to be filled in the
recessed portions of the polymer liquid crystal layer 11A
15 to form a homogeneous refractive index transparent
material 14 is rendered to be an averaged refractive
index (net+ng)/2 between the ordinary refractive index n,
and the extraordinary refractive index n.. Further, it
has an additional different point that no polymer liquid
20 crystal layer is formed on the transparent substrate 12.
In the polarizing beam splitter having such
structure, when a P polarized light being an ordinary
polarized light with respect to the polymer liquid
crystal layer 11A is incident into the beam splitter, the
25 maximum diffraction light is generated in the direction
of an angle 8 (the direction of +Y axis with respect to

the Z axis) satisfying the above-mentioned sin6=A/L by



liquid crystal |ayer 11A and the honpbgeneous refractive index transparent
material 14. 5 On the other hand, even in a case of entering an S polari zed
| i ght being an extraordinary polarized |light wth respect to the pol ymer
liquid crystal layer 11A, the maxinumdiffraction light is generated in the
direction of an angle 9 (the direction of -Y axis with respect to 10 the Z
axi's) satisfying the above-nentioned sing=A/L by neans of the blazed
diffraction grating due to the differencggof the refractive indices between
the polyner liquid crystal |ayer 11A and the honbgeneous refractive index
transparent mebesi alf the bD3aTkds did firaat-iphabeattipg poleartizitige beam splitter
can be provided wherein the P polarized |ight conponent incident into the
pol ari zi ng bdamfepkenteepr fPBRe gefdiaftriaet éthdacetshdednigem Bhen pdilemdin ect i on
of +Y axis while the S polarized |ight conmponent is diffracted at 20 the
angl e B in t Readiidecrivenadf layeaxild Ankedehet homogepsicars zatfiraetdivieect i ons
forma separation angle 28. Accordingly, it is necessary that the height d
of the pol yméndexqtirdansppseatt raferidiAldavi ng a saw-tooth- |ike shape has a
greater value than that of the 25 polarizing beamsplitter PBl because the
refractive i ndex Omghst athehdsgbn&digh rief racdsse ¢k anids pit ent

material 14 is _|arger. However, the manufacturing 50 _process can be
sinplified b®edasé ZeRe 1B e PINEf PRc EPEH 20FCdNERY B 3bddsBed only

once.
with respect to the polymer liquid crystal layer 11A, the

maximum diffraction light is generated in the direction
of an angle 6 (the direction of -Y axis with respect to

10 the Z axis) satisfying the above-mentioned sin6=A/L by
means of the blazed diffraction grating due to the
difference of the refractive indices between the polymer
liquid crystal layer 11A and the homogeneous refractive
index transparent material 14.

15 Thus, a flat plate type polarizing beam splitter can
be provided wherein the P polarized light component
incident into the polarizing beam splitter PB2 is
diffracted at the angle 6 in the direction of +Y axis
while the S polarized light component is diffracted at

20 the angle ©® in the direction of -Y axis whereby their
polarization directions form a separation angle 26.

Accordingly, it is necessary that the height 4 of
the polymer liquid crystal layer 11A having a saw-tooth-
like shape has a greater value than that of the

25 polarizing beam splitter PBl because the refractive index
ns of the homogeneous refractive index transparent

material 14 is larger. However, the manufacturing



THI RD EMBODI MENT OF PCLARI ZI NG BEAM SPLI TTER Now, description will be nade
as to a third 5 enbodi nent concerning a polarizing beamsplitter used in

the optical data recording/reproduci ng device of the present invention.

Fig. 13 is a cross-sectional view of a polarizing beamsplitter PB3 as a
third enbodi rent of the present 10 invention. This polarizing beamsplitter
PB3 is the sane as the polarizing beamsplitter PBL showmn in Fig. 11

except that polynmer liquid crystal |layerssd1B and 12B are fornmed so that
the directions of inclined surfaces of the sawtooth-1ike blazed
diffracti on gratesgscin biee spobyidr et beicquisg ¢hyes tdladealy evid frBALt A are
reversed with respect to the Y axis. Wth such construction, the directions
of diffract poatehgt kenPbgopgoicessel gtlyamdcehe S pol arized |ight are
exchanged as shown in Fig. 13. The sane effect 20 can be obtai ned by
conducting an al TRy BMEQRTYENT (F FPLA0 1L ZgiVe REAMRLIITER t r anspar ent
substrate 11 so that the direction of the polymer liquid crystal aligns in
the Y axis, nandioy, descdiibddoronidil tise made @ dinar yhixt ractive i ndex ne
coincides with the Y axis, and 25 conducting an_aligning treatnent to an

al i gnnent5 | agaPogamentt FRRSFAFERE SuPSLeatie1ng deamhsplifdedi veed dm of the
polymer liquid crystal _aligns in the X axis direction, 51 nanely, the

di rection oftpﬁeog%ﬂFéérgﬁ%&r?eFQFﬂé@9V€€PrPﬁ@€%nﬁed@&lﬁﬁ(ﬁi;ﬁHQFlthe X

axis. Here, reference ,
present 1nvention.

Fig. 13 is a cross-sectional view of a polarizing
beam splitter PB3 as a third embodiment of the present
10 invention. This polarizing beam splitter PB3 is the same
as the polarizing beam splitter PB1 shown in Fig. 11
except that polymer liquid crystal layers 11B and 12B are
formed so that the directions of inclined surfaces of the
saw-tooth-1like blazed diffraction gratings in the polymer
15 liqguid crystal layers 11A, 12A are reversed with respect
to the Y axis.
With such construction, the directions of
diffraction of the P polarized light and the S polarized
light are exchanged as shown in Fig. 13. The same effect
20 can be obtained by conducting an aligning treatment to an
alignment layer on a transparent substrate 11 so that the
direction of the polymer liquid crystal aligns in the Y
axis, namely, the direction of the extraordinary
refractive index n. coincides with the Y axis, and
25 conducting an aligning treatment to an alignment layer on
a transparent substrate 12 so that the direction of the

polymer liquid crystal aligns in the X axis direction,



nureral 13 designates a honbgeneous refractive index transparent material.
5 FOURTH EMBODI MENT OF PCLARI ZI NG BEAM SPLI TTER Now, description will be
.made as to a fourth enbodi ment concerning a polarizing beamsplitter used
in the optical data recordi ng/reproduci ng device of the present invention.
10 Fig. 14 is a cross-sectional view of a polarizing beamsplitter PB4 as a
fourth enbodi nent of the present invention. This polarizing beamsplitter
PB4 is the sane as the polarizing beamsplitter PB2 shown in Fig. 12

except that the polymer liquid crystal layer 11B is 15 forned so that the

di rection of nppelynehsudizeectépnt hé thgwerssrRIdivarly! aeddaditiificact i on
grating in the polynmer liquid crystal layer 11A is reversed with respect to
the Y axis.iwieK §uc%pb%©k@$%cw+%%,thﬁexd@¥é%tidﬁ%ﬁﬁ rRferends on of the P
pol ari zed light and the S polarized 20 Iight as shown in Fig. 12 are
exchanged asNER6%ALI ASFAgS19natesha SQNEISNPONE &&hTBE tobtailRied by
conducting an aligning treatnent to an alignnent |ayer on a transparent
substrat e 11t¥gnerarepkemdteséeilon of alignnent of the polymer Iiquid
crystal aligns in the Y axis direction, 25 nanely, the direction of the
extraordihary refPREHY EMBORIMENTG (e FPESRAAING ??@AM LT e, reference
nuneral s 12 and 14 desjignhate the sanme optical elenents as 52 those in Fig.
12. THI RD EMBODI NENT G€SEEHREACTDATAL Pe made as to a fourth

embodiment concerning a polarizing beam splitter used in
the optical data recording/reproducing device of the
present invention.

10 Fig. 14 is a cross-sectional view of a polarizing
beam splitter PB4 as a fourth embodiment of the present
invention. This polarizing beam splitter PB4 is the same
as the polarizing beam splitter PB2 shown in Fig. 12
except that the polymer liquid crystal layér 11B is

15 formed so that the direction of inclined surface of the
saw-tooth-1like blazed diffraction grating in the polymer
liquid crystal layer 11A is reversed with respect to the
Y axis. With such construction, the directions of
diffraction of the P polarized light and the S polarized

20 light as shown in Fig. 12 are exchanged as shown in Fig.
14. The same effect can be obtained by conducting an
aligning treatment to an alignment layer on a transparent
substrate 11 so that the direction of alignment of the
polymer liquid crystal aligns in the Y axis direction,

25 namely, the direction of the extraordinary refractive
index coincides with the Y axis. Here, reference

numerals 12 and 14 designate the same optical elements as



RECORDI NG REPRODUCI NG DEVICE In the followi ng, a third enbodi nent of the
optical 5 data recording/reproducing device of the present invention wll
.be described. The optical data recording/reproducing device D3 in this
enbodi nent of the present invention enploys the flat plate type polarizing
beam splitters PBl to PB4 described 10 before, which are also according to
the present invention. The optical data recording/ reproducing device 1is
adapted to record an interference patterns2as data, in the optical
recording layer in an optical recording nmediumand to reproduce the recorded
i nterference ti®gsatitrerfiig asldecorded data, by irradiating a reproducing
light, the interference pattern being fornmed by the interference of an
i rradi at ed obj ect THIRPtEMPRPEAENT rQR PRI EeRY ePEFence light in a disk-1ike
optical recording nmedium having the optical recording |ayer and 20 the
optical refl SHGGHPING/SEPRANECINHIFEWEHR will be described using
constructional diagrams of Figs. 15 and 16. Fig, 15 shows the optical data
recor di ng/ r epr oduk} nghe devl E@WPag ack o i 7y ¢PeRENeRt rf e dPREeHtabf the 25
present invention wherein the optical data L recording/reproduci ng device D3
conpri ses®a 193fft TEARKE YL W INFdoridemt ME REGRATt wave plate 113
as an 53 optical rot ati,og]geg enent, a spatial |ight nodulating elenent 119,
a liquid crystBieHeATtéviiblg by Jinfsel it e
The optical data recording/reproducing device D3 in
this embodiment of the present invention employs the flat
plate type polarizing beam splitters PBl1 to PB4 described
10 before, which are also according to the present
invention. The optical data recording/reproducing device
is adapted to record an interference pattern, as data, in
the optical recording layer in an optical recording
medium and to reproduce the recorded interference
15 pattern, as recorded data, by irradiating a reproducing
light, the interference pattern being formed by the
interference of an irradiated object light and an
irradiated reference light in a disk-like optical
recording medium having the optical recording layer and
20 the optical reflection layer. This embodiment will be
described using constructional diagrams of Figs. 15 and
16.
Fig. 15 shows the optical data recording/reproducing
device D3 according to the third embodiment of the
25 present invention wherein the optical data

recording/reproducing device D3 comprises a light source

111, a collimator lens 112, a half-wave plate 113 as an



Pl; an objective lens 118, an inmage focusing lens 121 and an inmage pickup
device 122. 5 It further conprises polarizing beamsplitters (PBS) PBl1,
.PB12, PB13 and PB14 as flat plate type polarizing beamsplitters each
having the sane structure as the polarizing beamsplitter (PBS) PBl in the
first enbodinent of the polarizing beamsplitter of the present 10
invention so that a P polarized light in an incident Ilight incident in a +Z
direction is diffracted in an angular dig®ction of counterclockw se
rotation and an S polarized light is diffracted in an angular direction of
cl ockwi se roeatieal zstatipurehemendnpii seatpolatighfignpeasnrsphbtters (PBS)
PB31, PB32 and PB33 as flat plate type polarizing beam splitters each
havi ng the sa#temsniuéllreaadigned povarrzi Agvbeam spli &t ehapB3Pésheer ni ng
the third enbodinent of the polarizing beamsplitter of the present 20

i nvention soPihagnacPipefavezednki §hB. i Ananmpaei deausingghenpnébdeandin a +2
direction is diffracted in an angular direction of clockw se rotation and
an S pol ari 28dinpght PLskuPf ee¥éfedlEd-an angul ar direction of

countercl ockwi se rotation. 25 Here, description is nmade_qgn the assunption
that the 5 gratingtcdHETRREs COPPELRES) POl aFRE 1pE| RERY FBLldlttrractFES)
gratings constituting the flat-plate tg e_polarizing beam54 splitters are
the sane. (IfBﬂﬁmnpégﬁPaﬁﬁﬁﬁoﬁnaﬂP?lﬂe gag aEsPhét?i§¥p§5p°larlZln9

beam splitters each having the same structure as the
polarizing beam splitter (PBS) PBl in the first
embodiment of the polarizing beam splitter of the present

10 invention so that a P polarized light in an incident
light incident in a +Z direction is diffracted in an
angular direction of counterclockwise rotation and an S
polarized light is diffracted in an angular direction of
clockwise rotation.

15 It further comprises polarizing beam splitters (PBS)
PB31, PB32 and PB33 as flat plate type polarizing beam
splitters each having the same structure as the
polarizing beam splitter PB3 concerning the third
embodiment of the polarizing beam splitter of the present

20 invention so that a P polarized light in an incident
light incident in a +2Z direction is diffracted in an
angular direction of clockwise rotation and an S
polarized light is diffracted in an angular direction of
counterclockwise rotation.

25 Here, description is made on the assumption that the
grating constants (pitches) of the polarizing diffraction

gratings constituting the flat-plate type polarizing beam



showi ng the optical data recording/reproducing device D3 as to how an
interference pattern generated by the 5 interference of an object |ight and
.areference light irradiated to an optical recording nedium 10 is recorded
as data in the optical recording |ayer of the optical recording nedium A
linearly polarized light (S polarized light) 10 emtted fromthe |ight
source 111 is rendered to be a parallel light by the collimtor |ens 112,
the parallel Ilight is converted into the&4ight containing an S polarized
| i ght conponent and the |ight containing a P polarized |ight conponent by,
for instanceSPLhELREFT akavENESSPMEte 113 as an optical rotation el enent
wherein the ratio of the P polarized light conponent to the S polarized

| i ght conponent t(@&)b&oWncicF@renation e 1lpdeafedon g ewmis i ther PB11 is
adjusted. In the polarized | ight conponents, the P polarized 20 |ight
conponent di fhPYeRgdtBy PREIFBLaFPEANGCFRAR NIPrEPESAUPENY P& Vilser dduced
into the polarizing beam ,splitter PB31 and is diffracted by _the polarizing
beam splitt&F PB3EOY03BelPhErSGUERES RESLERE FFREFAILSG &t thfodul ati ng

el ement 119. 25 re, as the spati,al light nodul ating el enent 119, a liquid

crystal di spidycuoerEacEaBibre QPIERiGIAGEL RES PeraLaRerbe YARHE of ( he

[ qurd cryeUsl LaXGE inofesponse 5 (98, KoLl age Sbel e Lo Lhe g

transmttlngas data in the optical recording layer of the optical

recording medium.
A linearly polarized light (S polarized light)

10 emitted from the light source 111 is rendered to be a
parallel light by the collimator lens 112, the parallel
light is converted into the light containing an S
polarized light component and the light containing a P
polarized light component by, for instance, the half-wave

15 plate 113 as an optical rotation element wherein the
ratio of the P polarized light component to the S
polarized light component to be incident into the
polarizing beam splitter PBll is adjusted.

In the polarized light components, the P polarized

20 light component diffracted by the polarizing beam
splitter PBll is introduced into the polarizing beam
splitter PB31 and is diffracted by the polarizing beam
splitter PB31l to be introduced into the spatial light
modulating element 119.

25 Here, as the spatial light modulating element 119, a

ligquid crystal display device capable of changing the

retardation value of the liquid crystal layer in response



light, is used for exanple. It serves as a half-wave plate when no voltage
is applied, so that a P polarized 5 light incident intoit emts as an S
.polarized light. On the other hand, when a voltage is applied to the
device, it serves as a transparent plate having a retardation value of 0
so that the transmtting |light maintains a P polarization. Thus, the
spatially light nodulating 10 el enent 119 functions as a vol tage-controlling
wave plate. Thus, the light transmttingsshrough the spatial [ight

nodul ati ng elenent 119 in a spatial pattern of S and P polarized lights
with the restbtaovolsheggesprilsedppii siet digiiel srivstailf lerered ozo & the P
pol arized I|ight conponent in the polarized |ight conponents incident into
the pol ari zi BgxpéahPsphianger thB12trse @iff Prderédasd oas odott reg s titdgicddent
into the polarizing beamsplitter PB33 while the S polarized |ight conponent
20 is diffraéigbtsolasuF6béonEXaBRLSi-nt btt HETYOF arFzAnBalbeWavspl itter

PB33. As a result, the S polarized light conponent has a diffraction |ight
intensity deBéABPnyhSA Pﬁevaééﬁﬂﬁtﬁsoﬁppﬂﬁé 56l &Fpted B §Rtagdmsshent for
each pixel of the 25 spatial ght nodul ati ng el enment 119 to form a data-

carrying %bjééghFlﬁﬁFlﬁﬁvln@néotﬁﬁ §MAERs PSR FaPPers 16ed Bﬁﬁ@ﬁtne@g and

darkness. The_ S pol ari light co ent 56 as an qbject |ight
di ffracted b{}hﬁhetbsraﬁﬁlafi %E@erf‘ng’ﬁﬂtf"ﬁgr LeR3BOInAt SCUSEE B Ene

opti cal recogglggrves as a transparent plate having a retardation
value of 0 so that the transmitting light maintains a P
polarization. Thus, the spatially light modulating
10 element 119 functions as a voltage-controlling wave
plate.
Thus, the light transmitting through the spatial
light modulating element 119 in a spatial pattern of S
and P polarized lights with the result of voltages
15 applied to pixels is diffracted so that the P polarized
light component in the polarized light components
incident into the polarizing beam splitter PB12 is
diffracted so as not to be incident into the polarizing
beam splitter PB33 while the S polarized light component
20 is diffracted so as to be incident into the polarizing
beam splitter PB33.
| As a result, the S polarized light component has a
diffraction light intensity depending on the quantity of
the S polarized light component for each pixel of the
25 spatial light modulating element 119 to form a data-
carrying object light having a two-dimensional pattern of

brightness and darkness. The S polarized light component



medi um 10 by nmeans of the objective lens 118 through the phase plate P1. 5
On the other hand, the S polarized |light conponent diffracted by the
.pol ari.zing beamsplitter PB11l is diffracted by the polarizing beamsplitter
PB32 and is introduced into the liquid crystal device 129 functioning as a
vol tage controlling wave plate. This liquid crystal 10 device 129 serves as
a half-wave plate so that an S polarized light as incident light emts as a
P polarized |ight when no voltage is apptéed to the liquid crystal |ayer.
On the other hand, the liquid crystal device serves as a transparent plate
havi ng a retafdani ehiearuéigbtofisodnhénagtplebdt &hei POdagd ziingh&eayol t age i s
applied thereto mherebg the transmtting |ight maintains the S
pol ari zat i onSPWhEReENPRABeRREJIERFESEE] PRGE L&eappliicalt decorEingqui d cryst al
| ayer, an elliptically polarized Ii%ht with mxed P and S polarized lights
is emtted. POAREBoL8i RYl FeaRfer fafliPnPbIEEFdNEe 1oREL A8 BiRrangholiect [i ght
and a reference light is_recorded as data in the optical recording nedi um
10, no vol t aBB2ABuP42b& Papplied to the liquid crystal device 129 so that it
serves as a half-wave plate whereby transmtting light is 25 converted to a
P pol ari Zed |1ighP? FRe PTPSFarRey” (50ne Fﬁ&ﬁﬁ&%@%ﬁ 190 OmRANER Sy t he
bean1sp|itter,PEl3 to_b i_nci dent i.nto tgg ol ari.zi ng be splitter PB33.
The P 57  poRETEeaCFAgRY CORpBRAAE LPREPACREM RPS ERETpoFar 26ng  beam
splitter PB33,lg difiragled, nerehn a0d,15,t35u889:%%er pB32 and is
introduced into the liquid crystal device 129 functioning
as a voltage controlling wave plate. This liquid crystal
10 device 129 serves as a half-wave plate so that an S
polarized light as incident light emits as a P polarized
light when no voltage is applied to the liquid crystal
layer. On the other hand, the liquid crystal device
serves as a transparent plate having a retardation value
15 of 0 when a predetermined or higher voltage is applied
thereto whereby the transmitting light maintains the S
polarization. When an intermediate voltage is applied to
the liquid crystal layer, an elliptically polarized light
with mixed P and S polarized lights is emitted.
20 Accordingly, when an interference pattern by an
object light and a reference light is recorded as data in
the optical recording medium 10, no voltage hould be
applied to the liquid crystal device 129 so that it
serves as a half-wave plate whereby transmitting light is
25 converted to a P polarized light. The P polarized light
component is diffracted by the beam splitter PB13 to be

incident into the polarizing beam splitter PB33. The P



a reference light onto the optical recording nedium 10 by neans of the
obj ective lens 118 through the phase plate 5 P1. Accordingly, the S

.pol ari.zed |ight conponent as an object light and the P polarized |ight
conponent as a reference light are aligned on the sanme optical axis and
are focused onto the optical recording nediumby neans of 10 the objective
|l ens 118 t hrough the phase plate P1. As a result, an interference pattern
generated by the object I|ight and the réflerence Iight by the function of
the phase plate 21 of optical data recordin FEEFOdUCIng device is
recorded in ?%%aﬁb%?g }lQEEogﬂWﬂﬁnﬁﬁﬁlﬁﬂ?i en551gF?) ?ﬁeﬁ°l@§bFéﬁat|on is
made using Fi i ndi cat | the_opti cal recordin r odu devi ce
08 of 't e preSaht SPhyBRET ofPad 18 AORFFRGtad: Horeco, aall (aoPRuaFRerance
patterns in the tlcal Edlng medi um 10 are reFroducedd 20 #@I'ke t he
case of reco?d?% naraes %ﬁ t R 8aFEe|§ptf8a e PERF S8 B4 Mo b@ is

o ednéﬁu?%%wﬁ' & arint ohagot b %% obeticy R sEEPheE) RSVATaECoP ERe i qui d

crystal aye% to be 0. As aresult, light 25 transmtting the spatial |ight
modul ati m Vi ce 119, keeping the state of P polarized l'ight, is incident

e L1 ol o 409 hep 3P LELEG LG ACROTOL vk o
i nci dent intgbﬁggt light and the P polarized light component as a
reference light are aligned on the same optical axis and
are focused onto the optical recording medium by means of

10 the objective lens 118 through the phase plate Pl. As a
result, an interference pattern generated by the object
light and the reference light by the function of the
phase plate Pl of the optical data recording/reproducing
device is recorded in the optical recording medium 10.

15 | (IT) Then, explanation is made using Fig. 16
indicating the optical data recording/reproducing device
D3 of the present invention as to how the data recorded
as interference patterns in the optical recording medium
10 are reproduced.

20 Unlike the case of recording data, when the data is
to be reproduced, a voltage is applied to all pixels in
the liguid crystal display device as the spatial light
modulating element 119 to reset the retardation value of
the liquid crystal layer to be 0. As a result, light

25 transmitting the spatial light modulating device 119,

keeping the state of P polarized light, is incident into

the polarizing beam splitter PB1l2. Accordingly, the



pol ari zing beamsplitter PB33. As a result, no data carrying object |ight
is introduced into the optical 5 recording nedium 10. Further, in the
reproduci ng of data, the voltage applied to the liquid crystal device 129
serving as a voltage-controlling wave plate is adjusted so that the S

pol ari zed |ight conponent incident into the liquid 10 crystal device 129 is
cohverted into an em ssion light having an S polarized |ight conponent and
a P polarized 1light conponent. As a resub&, the P polarized |ight

conponent in the |ight passing phroq%h the liquid crystal device 129 is

di ffracted byrenempsranoziaghbedm dpllifrpetedsbPREBe potlhe igilngctieam ent eri ng
into the polarizing beam splitter PB33. The P polarized |ight conponent

di ffracted byrlhé&étpsl EPLZi A§ BeamPrspltit ber ipB3dens inseusde as a reproduci ng
l'ight for data_reproduction onto the optical recording nmedium 10 by neans
of the obj ecPPar2gingndeangspRistgh £Re3phake pl aesubl, YheRathe
reproducing light is incident into the optical recording nmedium?110, it is
di ffract ed bgatk¥inpnebieeterdeSaiteln trOtyraed ingot f8eopPitdsialr ecor di ng
medi um 10 to produce a data light. This data light 25 travels in the
opposi t e Ui r BEFPEALRE MRELMBPASducing light and is incident as a P

polarized light into the  polarizing beamsplitter PB33 along the light path
59 through the &hFédEtve ieddtel EEEBHAPURED R Eobicat £heL Y € the P

lariz | ight incident _in
pota ed gpglieg %g %he ?q%q% crystal device 129 serving as a

voltage-controlling wave plate is adjusted so that the S
polarized light component incident into the liquid

10 crystal device 129 is converted into an emission light
having an S polarized light component and a P polarized
light component. As a result, the P polarized light
component in the light passing through the liquid crystal
device 129 is diffracted by the polarizing beam splitter

15 PB13 in the direction entering into the polarizing beam
splitter PB33. The P polarized light component
diffracted by the polarizing beam splitter PB33 is
focused as a reproducing light for data reproduction onto
the optical recording medium 10 by means of the objective

20 lens 118 through the phase plate Pl.

When the reproducing light is incident into the
optical recording medium 10, it is diffracted by the
interference pattern recorded in the optical recording
medium 10 to produce a data light. This data light

25 travels in the opposite direction to the reproducing
light and is incident as a P polarized light into the

polarizing beam splitter PB33 along the light path



pol ari zing beamsplitter PB33 is diffracted to be incident into the
pol ari zing beamsplitter PB13. The P 5 polarized light is further diffracted
by the polarizing beamsplitter PB13 to be incident into the liquid crystal
device 129. The P polarized light incident into the liquid crystal device
129 is converted into a P polarized light 10 conponent and an S pol ari zed
| i ght conponent to be incident into the polarizing beamsplitter PB32. In
the converted |ight components, the P podarized |light conponent is
diffracted by the polarizing beamsplitter PB32 and is incident into the
pol ari zi ng beamosghi ther ob5ePBide ThesPlpél andzetlel phhtecoipare®tl.is furt her
diffracted by the polarizing beamsplitter PB14 to be incident into the
i mge pickup el emirn,l122escpodsrd z€AD 1 ightayinari delne |linke mhereans of the
i mge focusing lens 121. Thus, a picture imge produced in the spati al
i ght 20 nodpbatirigiebeibeam $p3icarrb@BBdpisdddcédrakicgs. td5bend 16 show a
constructional exanple wherein the flat plate type polarizing beam
splitters arénclideatednito ithel abilemizhogebeam eadhtgecupBal .poThei i ng beam
splitters PB11 and PB14, polarizing beamsplitters 25 PB31 and PB32 and
pol ari zi ng beafraspkiett éighPBi2 dndtRBi3difiyabeefiobyedhienpedealilzingo reduce
the nunber of constituent parts, whereby the optical data 60
recor di ng/ r epeaduciid tdevi #8lRasoabsi npkifliead sStroctiree likaiidngriveieal
pol ari zi ng beamsplitters.
device 129.
The P polarized light incident into the liquid
crystal device 129 is converted into a P polarized light
10 component and an S polarized light component to be
incident into the polarizing beam splitter PB32. In the
converted light components, the P polarized light
component is diffracted by the polarizing beam splitter
PB32 and is incident into the polarizing beam splitter
15 PBl1l4. The P polarized light component is further
diffracted by the polarizing beam splitter PBl4 to be
incident into the image pickup element 122 such as a CCD
array or the like by means of the image focusing lens
121. Thus, a picture image produced in the spatial light
20 modulating element 119 can be reproduced.
Figs. 15 and 16 show a constructional example
wherein the flat plate type polarizing beam splitters are
located in isolation. However, each group of polarizing
beam splitters PB1l1l and PBl4, polarizing beam splitters
25 PB31 and PB32 and polarizing beam splitters PB12 and PB13

may be formed integrally to reduce the number of

constituent parts, whereby the optical data



Further, in the flat plate type polarizing beam splitter of the present
i nvention, the blazed diffraction 5 grating nmade of a polyner |iquid
crystql | ayer can be formed with high accuracy by photolithography and
reactive ion etching whereby a stable beam separation angle is obtainable.
As a result, the optical data recording/reproducing device having stable 10
characteristics can be realized in conparison with an optical data
recordi ng/ reproduci ng device with the cogyentional polarizing beamsplitter
PB5 fornmed by bonding prisnms. Further, in the flat plate type polarizing
beam 15 spl i trieen rafi nighe epresiznti ngndentiicen haist a $ippddifliled tsarfuargarea | ar ger
beam separation angle between P and S polarized |ights than that of.the
convent i onal hiavdhgplfate topieripdnar beiang spddmteplsi.tter PB6 shown in Fig. 21.
Accordingly, light can be irradiated effectively to the 20 display region of
the spatial |ightrumdhdmt iing wHeendlrit pllESYeshomwe ipolHg.zikhy kssadn t her ef or e,
it is possible to reduce the distance between pol ari zi ng beam splitters.
As a result, spliithicat wfi zée Epidsealt datventdoor, dithg/ bdprzedudirfd rédedicm | S
possi ble. 25 Further, in the sane manner as the optical data
recor di ngs r eprrediicion radiev iodfe aDDodlymer iln griigl ci¥stiefie layelrorcdredra conbi ni ng
nmeans (DMP) can be located in the 61 I|ight path between the pol arizing beam
splitter PB3Zocamed whehphdsd plcateaky by the toptiitbeigreahy and
reactive ion etching whereby a stable beam separation
angle is obtainable. As a result, the optical data
recording/reproducing device having stable
10 characteristics can be realized in comparison with an
optical data recording/reproducing device with the
conventional polarizing beam splitter PB5 formed by
bonding prisms.
Further, in the flat plate type polarizing beam
15 splitter of the present invention, it is possible to form
a larger beam separation angle between P and S polarized
lights than that of the conventional flat plate type
polarizing beam splitter PB6 shown in Fig. 21.
Accordingly, light can be irradiated effectively to the
20 display region of the spatial light modulating element
119 shown in Fig. 15, and therefore, it is possible to
reduce the distance between polarizing beam splitters.
As a result, a miniaturized optical data
recording/reproducing device is possible.
25 Further, in the same manner as the optical data

recording/reproducing device D2 shown in Fig. 10, the

color beam combining means (DMP) can be located in the



recordi ng/ reproduci ng device D3 to conmbine the light of wavel ength As
different fromthe |ight of wavelength A5 for recording or reproducing the
interference pattern so that known focus servo nethod and tracking servo
method can be enployed. In the follow ng, sone exanples will be described.
EXAMPLE 1 10 The phase plate Pl described as the first enbodi nent of the
phase plate will be explained specifically with reference to Fig. 1
(cross-sectional view and Fig. 2 (planewview). (1) A polyner liquid
crystal film2 is forned on a 15 single surface of a glass substrate
(correspondi bfjghe pheh beawspar che polstriateglbeby kelitngra PE3yiamdde fil m
for an alignnent |ayer, conducting an aligning treatnent to it so that
| i qui d cryst ahenphaser phavien®lainanheobpapyalr €ftacti ve index is aligned in
a direction of +22.5 with 20 respect to the X axis in Fig. 2, and
i rradi ati ng ratbrdvngl/eepragsctiagpdeyrieel 28 the comiping chgstldlghtnofoner .
Here, determnation is nmade so that the angular orientation in a clockw se
di rection freavehengXhaxisdibfetbet +Hyrami shéslpoikttofewafbbangtheipol yner
liquid 25 crystal film2 is a polyner liquid crystal filmhaving a film
t hi cknesss of f8r22epnrdndghavi mgrandocdngatie neteadereacengexterh. 58 and an
extraordinary refractive 62 index ne=1.67, being in parallel to the surface
of the gl asthstbknpune forngnsgavenmeshbst pate tipckndohaerng tke¢hod
can be employed.
In the following, some examples will be described.
EXAMPLE 1
10 The phase plate Pl described as the first embodiment
of the phase plate will be explained specifically with
reference to Fig. 1 (cross-sectional view) and Fig. 2
(plane view).
(1) A polymer liquid crystal film 2 is formed on a
15 single surface of a glass substrate (corresponding to the
transparent substrate 1) by forming a polyimide film for
an alignment layer, conducting an aligning treatment to
it so that ligquid crystal monomer having an anisotropy
refractive index is aligned in a direction of +22.5° with
20 respect to the X axis in Fig. 2, and irradiating
ultraviolet rays to polymerize the liquid crystal
monomer. Here, determination is made so that the angular
orientation in a clockwise direction from the +X axis to
the +Y axis 1s positive. Then, the polymer liquid
25 crystal film 2 is a polymer liquid crystal film having a

film thickness of 2.22 uym and having an ordinary

refractive index n,=1.55 and an extraordinary refractive



nmol ecul es aligned in the direction of filmthickness. (2) Simlarly, a
polymer liquid crystal film2 is 5 formed on a single surface of a gl ass
substrate (corresponding to the transparent substrate 4) aligned in a
direction of -22.5 with respect to the X axis in Fig. 2, having a film
t hi ckness of d=2.22 um and having an ordinary refractive index no=1.55 and
an‘extraordinary 10 refractive index ne=1.67. In this case, the polyner
liquid crystal filmformed on each gl ass gubstrate has a retardation val ue
of (ne-no)xd=0.266 pm and serves as a half-wave plate with respect to |ight
havi ng a wavih@ergth.=10f6 TA=382 mym i(r0 B3R Pyl kb W18 Sthefpcpatf ertmng is
conducted by photolithography and reactive ion etching to renove a right
hal f porti ongbdss heulpotyaee [tgamspargstasubstrale bh &hé Qhussgsubstrate
(transparent substrate 1) and a left half portion of the polyner |iquid
crystal fil melermlgstabighadsingubkerdire¢tianspar énlmsthsckatesd). (4)
Further, by using an adhesive (the honpbgeneous refractive index transparent
mat eri al 3) havi hg) aSimelaadyi ve pPadexenstigssd thysghassidmbdt nat es
(transparent substrates 1, 4{ are positioned so that the 25 border |ines of
the procéssetopoedionsaotipalyneurfagei df ergsaas subagtrate 2R neet with
respect to the X axis _direction as shown in Fig. 1, and the glass
substrat es 68conrespondeddbyofihei hyansearndnbsfvlestherpgéhealisonedf ftacti ve
i ndex transparent nmateri al 3% t her ebet ween, o
a direction of -22.5° with respect to the X axis in Fig.
2, having a film thickness of d=2.22 um and having an
ordinary refractive index ny,=1.55 and an extraordinary
10 refractive index n.=1.67. In this case, the polymer
liguid crystal film formed on each glass substrate has a
retardation value of (n.-n,)xd=0.266 um and serves as a
half-wave plate with respect to light having a wavelength
of A=532 nm (0.532 um).
15 (3) Then, patterning is conducted by
photolithography and reactive ion etching to remove a
right half portion of the polymer liquid crystal film 2
on the glass substrate (transparent substrate 1) and a
left half portion of the polymer liquid crystal film 2 on
20 the glass substrate (transparent substrate 4).
(4) Further, by using an adhesive (the homogeneous
refractive index transparent material 3) having a
refractive index ng=1.55, the glass substrates
(transparent substrates 1, 4) are positioned so that the
25 border lines of the processed portions of polymer liguid

crystal films 2L, 2R meet with respect to the X axis

direction as shown in Fig. 1, and the glass substrates



whereby the two-parted phase plate 21 is forned. When a linearly polarized
light (S polarized light) 5 having a wavel ength X=532 nm and pol ari zed in
.the Y axis direction is incident vertically (i.e. in a +Z axis direction
to the thus forned phase plate 21, the emission |ight passing through the
portion of polymer liquid crystal film2L becones a B polarized |ight
having a 10 polarization direction of +45 as shown in Fig. 3(A). On the
ot her hand, the em ssion |ight passing thgpugh the portion of polyner
liquid crystal film 2R beconmes an A polarized |light having a pol arization
di recti on ofardSbondedhbwnfimlkng. tBEBadh&hise tthembgereaphy pol ari zed 15
incident light is converted into linearly polarized 1lights crossing
mutual |y at mefrgbtiwaglisdeRucrhespanken makeneaill $)poharepetdweeght (P
pol ari zed light) having a wavel ength A=532 nm and polarized in the X axis
di rection iswhateédenthentwoapazt28 mRkasedpbiaetei Bh, ishéosmidsi on |i ght
passing through the portion of polyner liquid crystal film2L beconmes an A
pol ari zed |ight Waenng aipekadyzavilemidededtiobt dfS po3arageshdvghitn Fig.
4(A). On the other hand, the em ssion |ight passing through the portion of
pol ymer |5 qui@v2Bgcaywadelehpih2R=bégonesandBrpobhaiceddini ghe Haakag a
polarization direction of -45 as shown in Fig. 4(B). Thus, the incident
light is congereedipnt os| ineadppteyerporatiyedil pghis er désbrgsnutual |y at a
right angle. Thus, there is no_ displacenment of position at the
direction to the thus formed phase plate P1l, the emission
light passing through the portion of polymer liquid
crystal film 2L becomes a B polarized light having a
10 polarization direction of +45° as shown in Fig. 3(A). On
the other hand, the emission light passing through the
portion of polymer liquid crystal film 2R becomes an A
polarized light having a polarization direction of -45°
as shown in Fig. 3(B). Thus, the linearly polarized
15 incident light is converted into linearly polarized
lights crossing mutually at a right angle.
Further, when a linearly polarized light (P
polarized light) having a wavelength A=532 nm and
polarized in the X axis direction is incident into a +2
20 axis direction, the emission light passing through the
portion of polymer liquid crystal film 2L becomes an A
polarized light having a polarization direction of +45°
as shown in Fig. 4(A). On the other hand, the emission
light passing through the portion of polymer liquid
25 crystal film 2R becomes a B polarized light having a

polarization direction of -45° as shown in Fig. 4(B).

Thus, the incident light is converted into linearly



border line of the two-parted regions, and therefore, good characteristics
at the region of two parted border 5 |ine can be kept, and the phase plate
.P1 of one-piece structure having reduced size and |ight weight can be
realized. Further, even in a case that an incident light enters into the
phase plate Pl at a certain angle deviated fromthe vertical direction, the
state of 10 polarization of the transmtting |light does not substantially
change, and therefore, a stable linearly gpolarized light is obtainable. The
optical data recording/reproduci ng device D1 nounting thereon the phase
pl ate Pl showelimiEled. 19ghas cibsshegsamsusiiycbur e andhperhorles t he sane
function as those of the first enbodiment of the optical data
recordi ng/ repr od@iusg déderee,isamd thedlasiemenincti mosdftioreedr diheg and
reproducing data to the optical recording nedium 10 by this optical data
recor di ng/ r epoodeci Agnz0 odevihee tivo-phe tedneegd onbat apdplthiemedomiet,h r ef er ence
to Figs. 17 and 18. In this device, the second harnonic wave of Nd: YAG
| aser havi nggaocdavblesagtterxss32snmti $heugedian tife tiiogbarsedr bordet. By
using the optical data recording/reproducing 25 device D1 of this enmbodi ment
on whi ch % helphgseapl dee kbt i gngphecedhaskerlegicoRd Por oneas®icet i ng
polarized light conponents in the phase plate Pl can precisely parted, 65
and a data retougithger pvdadciregused cézef anfalligditz wedndt (caghbenwei ght
having a | arge stabl e recording capacity can .
realized. Further, even in a case that an incident light
enters into the phase plate Pl at a certain angle
deviated from the vertical direction, the state of
10 polarization of the transmitting light does not
substantially change, and therefore, a stable linearly
polarized light is obtainable.
The optical data recording/reproducing device D1
mounting thereon the phase plate Pl shown in Fig. 9 has
15 the same structure and performs the same function as
those of the first embodiment of the optical data
recording/reproducing device, and the basic function of
recording and reproducing data to the optical recording
medium 10 by this optical data recording/reproducing
20 device is the same as that explained with reference to
Figs. 17 and 18. In this device, the second harmonic
wave of Nd: YAG laser having a wavelength A=532 nm is
used as the light source 111.
By using the optical data recording/reproducing
25 device D1 of this embodiment on which the phase plate P1

is mounted, the regions for transmitting polarized light

components in the phase plate Pl can precisely parted,



be- attai ned. EXAVPLE 2 5 Then, the phase plate P5 shown in the fifth

enbodi nent of the phase plate will be described specifically with reference
,to Fig. 7 (cross-sectional view). In the sane manner as in Exanple 1, a
polymer liquid 10 crystal film5 having a filmthickness of 6.65 pm an
ordinary refractive index no=1.55 and an extraordinary refractive index
ne=1.75 and being aligned in the direction of +22.5 with respect to the X
axis, is fornmed on a single surface of a9l ass substrate (corresponding 15
to the transparent substrate 1). Simlarly, a polyner liquid crystal film
having a fikndt hi dRttessegbrdipgéseprpdaalivagdinsiyer ofr swaille simgerndno=1. 55
and an extraordinary refractive index ne=1.75 and being aligned in the X
axi s directi dagho=0piohs hevand aolsnge stable secbadéngf capgrasy sabstrate
(corresponding to the transparent substrate 4), and this polyner liquid
crystal filnPesastbjieetled to patterning so as to renove a right half
portion of the filmto forma polyner liquid crystal film®6L. 25 Further,
an adhesi ve EK8MBHEndous refractive index transparent material 3) having a
refractive index ne=1.65 correspondingﬁto t he averaged refractive index of

the 66 ordi nary ThéfradhievPhias@eladcaRd shewaxtinadhgi ddfyh refractive index

ne of the polyner liquid crystal film6L , )
embodiment of the phase plate will be described

specifically with reference to Fig. 7 (cross-sectional
view) .
In the same manner as in Example 1, a polymer liquid

10 crystal film 5 having a film thickness of 6.65 um, an

ordinary refractive index n.,=1.55 and an extraordinary

refractive index n.=1.75 and being aligned in the

direction of +22.5° with respect to the X axis, is formed

on a single surface of a glass substrate (corresponding
15 to the transparent substrate 1).

Similarly, a polymer liquid crystal film having a
film thickness of d=6.65 um, an ordinary refractive index
n,=1.55 and an extraordinary refractive index n.=1.75 and
being aligned in the X axis direction (®=0°), is formed

20 on a single surface of a glass substrate (corresponding
to the transparent substrate 4), and this polymer liquid
crystal film is subjected to patterning so as to remove a
right half portion of the film to form a polymer liquid
crystal film 6L.

25 Further, an adhesive (homogeneous refractive index
transparent material 3) having a refractive index ng=1.65

corresponding to the averaged refractive index of the



is-applied to the region where no polyner liquid crystal film®6L exists and
at the sane tine, the glass substrates 5 (transparent substrates 1, 4) are
bonded together as shown in Fig. 7. Thus, the phase plate P5 to be nounted
on the optical data recording/reproducing device shown in Fig. 10 is
prepared. The retardation values of the polymer liquid crystal 10 filns 5
and 6L fornmed on the glass substrates are respectively Rd=1330 nm whi ch
corresponds to 2.5A with respect to a wasgl ength X=532 nmand 2. OA with
respect to a wavelength As=660 rim Accordingly, the polyner liquid crystal
film5 and ¢8diherpokypfieackiyei dndeystal afid| phéleseryerdsnaayf - wave plates
wth respect to the wavel ength X=532 nmwhile they do not change the state
of pol ari zat¥Fehrattivansnieki ng of i ghe meiymereshegeid ocrhetahvel bngbh As=660
rim and therefore, they do not serve as phase plates. 20 Wen t he phase
plate P5 i s heuapedied thetbpt redliondwhgreesor dpayghesploduséingriethde to
constitute the device D2 as shown in Fig. 10, the structure and operation
of this devi Eélmr 6Lt Reisafeand ehoSBeobamRetinpti bk danas substrates
recordi ng/ reproduci ng device according to 25 the second enbodi nent wherein
the |ight5 solFeensparese suRBtERrRgSt he B ghtreobondedl eagelhRE582 nm as the
second harnonic wave of the Nd: YAG laser is used and the light 67 source
124 for emitEhAYNt he Eéfi condut'e?- | Baerpirse iadat @Bt htASRS6owWATedr DVD to

whi ch the opti cal . , . . .
on the optical data recording/reproducing device shown in

Fig. 10 is prepared.
The retardation values of the polymer liquid crystal

10 films 5 and 6L formed on the glass substrates are
respectively Rd=1330 nm which corresponds to 2.5\ with
respect to a wavelength A=532 nm and 2.0A with respect to
a wavelength Ag=660 nm.

Accordingly, the polymer liquid crystal film 5 and

15 the polymer liquid crystal film 6L serve as half-wave
plates with respect to the wavelength A=532 nm while they
do not change the state of polarization of transmitting
light with respect to the wavelength Ag=660 nm, and
therefore, they do not serve as phase plates.

20 When the phase plate P5 is mounted on the optical
data recording/reproducing device to constitute the
device D2 as shown in Fig. 10, the structure and
operation of this device are the same as those of the
optical data recording/reproducing device according to

25 the second embodiment wherein the light source 111 for
emitting the light of wavelength A=532 nm as the second

harmonic wave of the Nd: YAG laser is used and the light



recording medium 10 is not sensitive, is used. Wien such phase plate P5 is
used, the state of 5 polarization of |ight passing through the phase plate
P1 is changed, i.e., the light is parted into two parts: an A polarized
light and a B polarized Iight in the same manner as the optical data
recordi ng/ reproducing device DI with respect to the wavel ength A and
thérefore, it 10 can be used for recording/reproducing of data to the
optical recording nedium 10. On the others7hand, the state of polarization of
| i ght passing through the phase plate 21 remains unchanged with respect to
the wavel engtduree badl Borighitisngothei ngnspondeoteespoaadingfto the
nunerical aperture of the objective lens 118 is obtainable. Wen the |ight
f ocusi ng spotaveléengediorh @hem jfght NG |tertvloirh difee aftiqake opti cal
recordi ng nedium 10, the reflected light from the optical reflection |ayer
i s conver gedr@PeX@eny | HeEien teceFviag peametover héspneeddet ect or 128.
Accordingly, if a cylindrical lens (not show) is |ocated at the |ight

i nci dent si de of WhAB phERoBBREEt BLaE28PRakPnyseBur thei ¢itaég Pifght receiving
pl ane, an astigmatism focus servo nethod can be enployed. 25 Further, if

t racki ng Sgr RERT hFatioR Rl piebFobas§ing nthreughghberehpest PoAteajér of the
optical recording nedium 10, a diffraction grating (not shomn% for 68
generating tht ee'HRSRE | 3 - PocatBl 4t9Rhelfi GRECEHI $8FONTWS BRYBF: tAB | i ght

source 124 and a_ photodetector 128
A pol r?zeg ifght and a B polarized light in the same

manner as the optical data recording/reproducing device
D1 with respect to the wavelength A, and therefore, it

10 can be used for recording/reproducing of data to the
optical recording medium 10.

On the other hand, the state of polarization of

light passing through the phase plate Pl remains
unchanged with respect to the wavelength As, and a light

15 focusing spot corresponding to the numerical aperture of
the objective lens 118 is obtainable. When the light
focusing spot is formed on the light reflection layer of
the optical recording medium 10, the reflected light from
the optical reflection layer is converged on the light

20 receiving plane of the photodetector 128. Accordingly,
if a cylindrical lens (not shown) is located at the light
incident side of the photodetector 128 having four-
divided light receiving plane, an astigmatism focus servo
method can be employed.

25 Further, if tracking grooves are formed previously
in the light reflection layer of the optical recording

medium 10, a diffraction grating (not shown) for



having the light receiving plane for detecting three beans is used, a
t hree-beam tracking servo nethod is 5 applicable. Accordingly, if the
tracki ng servo nethod and the focus servo nethod for noving the objective
|l ens 118 by an actuator (not shown) so that the |light of wavel ength AAs
can be focused on a predeterm ned position of the 10 light reflection |ayer
of "the optical recording nmedium 10, it is possible to record stably data as
an interference pattern formed by the light of wavelength X in a specified
region of the optical recording nmedium 10 or to reproduce stably the
recorded dat geasraheng5thmeer bermsceéspavtered att hbeoptighdsl emdceidinng
medi um  EXAMPLE 3 Next, the polarizing beamsplitter PBl1 according to the
first enbodi sede of the pabarki songckedlvsphidt tephosede tiem tivlre 188t | cal dat a
recordi ng/ reproduci ng device of the 20 present invention wll be described
speci fi cal | yhbyiungi ne flhghtr vesesdwdngopdbne dwrofieFiegtihy. thmwea i gnnent
layer is fornmed on a single surface of a glass substrate (transparent
substrate llpeamieisalisgdnent thaperbeams fpektiad serae aeitdgidngstreat nent in
25 an X axis direction, and liquid crystal nononmer is coated thereon
fol | owed Dy pobyierRPZeng, whereby a polynmer liquid crystal layer 11A having
an ordinary refractive 69 index no=1.55 and an extraordi nary refractive
i ndex ne=1.75 aA¢ceadimgly . filfmthe duseksngr sEry® patliest éingd the
focus servo method for moving the objective lens 118 by
an actuator (not shown) so that the light of wavelength
As can be focused on a predetermined position of the
10 light reflection layer of the optical recording medium
10, it is possible to record stably data as an
interference pattern formed by the light of wavelength A
in a specified region of the optical recording medium 10
or to reproduce stably the recorded data as the
15 interference pattern in the optical recording medium.
EXAMPLE 3
Next, the polarizing beam splitter PBl according to
the first embodiment of the polarizing beam splitter used
in the optical data recording/reproducing device of the
20 present invention will be described specifically by using
the cross-sectional view of Fig. 11.
An alignment layer is formed on a single surface of
a glass substrate (transparent substrate 11), the
alignment layer is subjected to an aligning treatment in
25 an X axis direction, and liquid crystal monomer is coated

thereon followed by polymerizing, whereby a polymer

liquid crystal layer 11A having an ordinary refractive



the polynmer liquid crystal is aligned in an X axis direction along the
surface of the glass substrate, is 5 forned. Simlarly, an alignnent |ayer
is formed on a single surface of a glass substrate (transparent substrate
12), the alignment layer is subjected to an aligning treatment in a Y axis
direction, and liquid crystal nononer is 10 coated thereon followed by
polyneri zi ng, whereby a polyner liquid crystal |ayer 12A having an ordinary
refractive index no=1.55 and an extraordigary refractive index ne=1.75 and
having a fil mthickness of 2.33 um wherein the polymer liquid crystal is
aligned in alydgxi 5,15 b raedi an ekongor@enayy faetrattive ghdss substrate,
is forned. Then, photolithography and reactive ion etching are conducted
to these pol peek- 1% qaid hﬁv%m%lalgybﬁsthh¢knqa$\Of02fb3nwmlwh%ﬁeﬂmffraction
gratings each having a saw 20 tooth-like grating in cross-section and a
grating conshanpolpieeh}ipuidscpivptalThenalaangdhési w8 &f axisnogeneous
refractive index having_a refractive index ns=1.55is filled in concave
portions of @agRcéfophalopsdl her sirare efysngl glager substraimr aiBompgeneous
25 refractive index transparent material 13 and at the same tinme, the glass
substrat e (t faRBpdrent substrate 11) and the gl ass substrate (transparent
substrate 12) are bonded 70 together. Thus, the flat plate type ﬁplarizing

beam splitter PBLMdHERAYI'nap ¢ligrmeats dewsd. lisn fogmed #5e 2 single

surface of a glass substrate (transparent substrate 12),
the alignment layer is subjected to an aligning treatment
in a Y axis direction, and liquid crystal monomer is

10 coated thereon followed by polymerizing, whereby a
polymer liquid crystal layer 12A having an ordinary
refractive index n,=1.55 and an extraordinary refractive
index ne=1.75 and having a film thickness of 2.33 um
wherein the polymer liquid crystal is aligned in a Y axis

15 direction along the surface of the glass substrate, is
formed.

Then, photolithography and reactive ion etching are
conducted to these polymer liquid crystal layers 11A, 12A
to form blazed diffraction gratings each having a saw-

20 tooth-like grating in cross-section and a grating
constant (pitch) L (=5 um). Then, an adhesive of
homogeneous refractive index having a refractive index
ng=1.55 is filled in concave portions of each of the
polymer liquid crystal layers to form a homogeneous

25 refractive index transparent material 13 and at the same
time, the glass substrate (transparent substrate 11) and

the glass substrate (transparent substrate 12) are bonded



the sawtooth-like grating of each of the polyner liquid crystal |ayers
11A, 12A is processed to have a shape 5 approximated by a step-like grating
having 8 steps, and the sawtooth-like grating of either one of the polymer
liquid crystal |ayers assunes the shape rotated by 180 fromthe other with
respect to the X axis. Wien a P polarized light is incident into the 10
polarizing beamsplitter PBlL, the |ight passes through wthout being
diffracted by the blazed diffraction graytong 11A because the refractive
i ndex difference (nu- ns) between the polyner liquid crystal |ayer 11A and
t he honpgendeogsthefir.acThue, i ndexfiaanspatentypat poilakit3ngsbésmzero. On the
other hand, the refractive index difference (ne-ns) between the polyner
liquid crystaplliayer PRA shdwrt He Fowogddedss foginedct | ¥2 thdexcadkesi ve 13
is 0.20 and the maxi mumlight path Iength (ne-ns)xd is 0.466 um Then, the
+1st order ditfhfer acwi-dgrocgff-1dikengy agfinghe thleazdd o 2@ hdi ffolamtsirond igretd ng 12A
with respect to an incident light having a wavelength of 532 nm (0.532 um
i s about 80%crystdlt Heviarghtl lils di2f racedogswadd tat harveamglséa@eof
diffraction of 8=sin-1(x/L)=6.1 as shown in Fig. 11. On the other hand, when
an S pol abi zegdrioghimsited 2y iansitgentl iket greffea ngohaniiziond Isdaws s@ind t er PBI,
the refractive index difference (ne-ns) between the polyner |liquid crystal
| ayer 11A andheheahboriogpdiedds e efreddhiove 7 £1thederngdiedsithe @ liveney. 20 and
t he maxi mum | i ght path Ilength (n8-ns)xd.is 0.466 um The +1st order
diffraction liquid crystal layers assumes the shape rotated by 180°
from the other with respect to the X axis.
When a P polarized light is incident into the
10 polarizing beam splitter PBl, the light passes through
without being diffracted by the blazed diffraction
grating 11A because the refractive index difference (nq-
ns) between the polymer liguid crystal layer 11A and the
homogeneous refractive index transparent material 13 is
15 zero. On the other hand, the refractive index difference
(ne-ng) between the polymer liquid crystal layer 12A and
the homogeneous refractive index adhesive 13 is 0.20 and
the maximum light path length (ne-ng)xd is 0.466 um.
Then, the +1st order diffraction efficiency of the blazed
20 diffraction grating 12A with respect to an incident light
having a wavelength of 532 nm (0.532 um) is about 80%,
and the light is diffracted upward at an angle 6 of
diffraction of 6=sin"'(A/L)=6.1° as shown in Fig. 11.
On the other hand, when an S polarized light is
25 incident into the polarizing beams splitter PB1l, the

refractive index difference (n.-ng) between the polymer

liquid crystal layer 11A and the homogeneous refractive



efficiency of the blazed diffraction grating 11A with respect to an

i ncident |ight having a wavel ength of 532 5 nm (0.532 un) is about 80% and
the light is diffracted downward at an angle O of diffraction of
O=sin-'"(A/L)=6.1 as shown in Fig. 11. In this case, the refractive index
difference (no-ns) between the polyner |liquid crystal |ayer 12A and the
honogeneous refractive 10 i ndex adhesive 13 is zero. Accordingly, the |ight
passes through the beamsplitter w thout7being diffracted by the blazed
diffraction grating 12A. Accordingly, the incident light to the polarizing
beam splitteinPBx pdhgsivedlBnis @OpénérFbédmﬁﬁgmpmaddgh$5paﬁhs pol ari zed
| ight at a separation angle of 12.2. As described before, when the

convent i onal 1epekhr i(zeis b@hﬂ#%pﬂ|4ﬁ@ﬂuHPBST%Pthlﬁénéédeﬁrﬁsﬁﬁré§t§ﬁﬁmm in
Fig. 20 is used, an effective area for an incident 1light is increased to

t her eby i ncr ed§aciRacyhpékibssbdpzed ghéfaaviéennasrsbyat RéAvelitie and

wei ght are increased. On the other hand, the flat plate type polarizing
beam spli ttéﬁSQﬁC{ChéOpaéséﬁt:1idﬁ@éntl|leht| hagfing ﬁhWﬁvle}Sélgtgl et 2despi te
the effective area for an incident as descri bed above. Accordingly,
the pol ard zi R K8am3518p| L6t 8POBF ﬁ@ducé&dsF?§ adghkeightiésnapéest t ai ned.
Further, accqrding to the flat plate té pol ari zing beam splitter of the
pr esent |nveﬁPWBWarﬁhétbégnﬁggﬁﬁrQtPén g% r8ﬁ§F8nf8% P and S pol ari zed

L;ggts can bg ﬁﬁd%_%g%%|€ll% as %&hf%%ﬂ%fg‘the conveg&gogggetlak pl ate

refractive index difference (n,-ns) between the polymer
liquid crystal layer 122 and the homogeneous refractive

10 index adhesive 13 is zero. Accordingly, the light passes
through the beam splitter withouf being diffracted by the
blazed diffraction grating 12A.

Accordingly, the incident light to the polarizing
beam splitter PBl is parted into a P polarized light and

15 an S polarized light at a separation angle of 12.2°.

As described before, when the conventional
polarizing beam splitter PB5 with bonded prisms as shown
in Fig. 20 is used, an effective area for an incident
light is increased to thereby increase the thickness of

20 the device whereby the volume and weight are increased.
On the other hand, the flat plate type polarizing beam
splitter of the present invention is of a thin type
element despite the effective area for an incident light
as described above. Accordingly, the polarizing beam

25 splitter of reduced size and weight can be attained.
Further, according to the flat plate type polarizing beam

splitter of the present invention, the beam separation



pol ari zi ng beam splitter PB6 shown in Fig. 21. Further, when the polarizing
beam splitters PB11, 5 PB12, PB13 and PBl14 as the polarizing beamsplitter
PB1 prepared as described before and pol arizing beam splitters PB31l, PB32,
PB33 as the polarizing beam splitter PB3 in which the shape of
sawtooth-li ke grating of either polynmer liquid crystal |ayer is opposite to
the 10 other with respect to the X-Z plane as shown in Fig. 13 are used in
the optical data recording/reproducing de¥ices D3 shown in Figs. 15 and 16,
it is possible to reduce the size and weight of the opti_cal _

recor di ng/ r epredacitry Bednee Sf pplegdgedi Agdidtacas ®e madendemfodicende
pattern in the optical recording nmedium10 _or reproduce the recorded data
as the interfenpaEédsopaiéhn theopenvensponed! fledordiatg f®eum 10, and
stabl e operations for recording/reproduci ng can be obtai ned. Explanation in
the third enbBedpKegingr PERB 6pliltaler 2B6dsteWreddr dil8g/ Rdpr oduci ng devi ce
can be used as to the function_of recording and reproducing data in the
optical recordi AGLFEETUMYHeDUSTREAL AP NGaABaarT RS tAetde & lilbed above,

t he phase plate_of the present invention_has the sane function as _the

two- part ed opBitéal PBLat 8RFoRBhrlafe (&80 PeLSEARIEN PerR SR ibpeircdBldata 73
recordi ng /rgEroducin device., _Since there is n posi tignal displacenent of

the border | PREPAT SEh&St {65 PaPEed Hedgronsnd Rerla e 1Rg PEER of

rioration of th .
deteriorat Osp?it%e%s PB31, PB32, PB33 as the polarizing beam

splitter PB3 in which the shape of saw-tooth-like grating
of either polymer ligquid crystal layer is opposite to the

10 other with respect to the X-7Z plane as shown in Fig. 13
are used in the optical data recording/reproducing
devices D3 shown in Figs. 15 and 16, it is possible to
reduce the size and weight of the optical
recording/reproducing device for recording data as an

15 interference pattern in the optical recording medium 10
or reproduce the recorded data as the interference
patﬁern from the optical recording medium 10, and stable
operations for recording/reproducing can be obtained.

Explanation in the third embodiment of the optical

20 data recording/reproducing device can be used as to the

function of recording and reproducing data in the optical

recording medium.

INDUSTRIAL APPLICABILITY
25 As described above, the phase plate of the present
invention has the same function as the two-parted optical

rotation plate used essentially in the optical data



characteristics at the region of two parted border, and 5 the phase plate of
singl e body, having a reduced size and a reduced weight can be forned.
Further, since the angular dependence of the retardation value is small in
conparison with the phase plate conprising a nonocrystal nmaterial such as
quartz or the like, the state of 10 polarization of a transmtting |ight
doés not substantially change even when the incident light is deviated
fromthe normal direction and therefore, Btable linearly polarized |ight
can be nmaintained. Further, when the phase plate of the present 15
invention i srﬁ@gﬁdédgéﬁeanOdpt:mal dgstge - r eSUREE ngieepr bdurPng devi ce, a
recordi ng/ reproduci ng device of reduced size and weight, capable of storing
a |arge quaneftyienadadispilarameptepénébepkorden, léas B& thet &Woed. 20
Further, the optical data recording/reproducing device nounted thereon the
phase pl ate BATERE PPE3ERE. LhOBAt L6NNAI FARE pg deserignptAan pF &he

wavel ength different fromthe wavel ength used for recordi ng and

repr oduci ng 95§§a6FthFEFF§réﬁcéhﬁaFﬁéﬁﬁnmﬁéréUQ rRAsME2borseds $86vo net hod
and tracking servo nethod can _be npl oyed, and therefore, an interference
pattern dan bB® PBRABIPLAtS §§e§FF9é& P@GVonhéVlgﬁ 8pirereresdrg R§Y74
mediumin a stabl e manner. Furthe&§ t he pql ari zi ng bean1splltter of the

present i nv@ntFERCESNVEAIRSr FEH gofﬂﬁﬁ el BrehEeHespt e of e he

angular dependence of the retardation value is small in
comparison with the phase plate comprising a monocrystal
material such as quartz or the like, the state of

10 polarization of a transmitting light does not
substantially change even when the incident light is
deviated from the normal direction and therefore, stable
linearly polarized light can be maintained.

Further, when the phase plate of the present

15 invention is mounted on an optical data
recording/reproducing device, a recording/reproducing
device of reduced size and weight, capable of storing a
large quantity of data of interference pattern, can be
attained.

20 Further, the optical data recording/reproducing
device mounted thereon the phase plate of the present
invention allows to use light having a wavelength
different from the wavelength used for recording and
reproducing data of interference pattern whereby known

25 focus servo method and tracking servo method can be
employed, and therefore, an interference pattern can be

formed in a specified region of an optical recording



effective area for an incident light while a |arge beam 5 separation angle
for a P polarized light and an S pol ari zed |ight can be obtained, and a
stabl ¢ beam separation angle can be realized. Further, when the polarizing
beam splitter of the present invention is used as a polarizing beam
splitter 10 of an optical data recording/reproducing device for recording
an'interference pattern in an optical recording nediumand for reproducing
the data recorded as an interference pati4rn in the optical recording
medium the optical data recordi ng/reproduci ng device can be of a 15 smal
si ze, and st®BféUReéBr @i A§2RAG FePR6Yuci ng operations can be obtained. 75
CLAIM5S 1. A phase plate conprising a polymer liquid crystal filmheld

bet ween transpar EHE t86Hst FiCe®OlifereR PRE™ SOHERY idfuitdcArSSa i I mis
parted spatially in the 5 region, .into whjc¢h an incident |ight of

wavel engt h AIBKEBF§OsH2RhRE %Hém?@gﬁ? ?rﬁh%ﬁi?@?ﬁ&th eﬁﬁ&§% pifat®e assunmes

ol ecul oo of SERECHOPSREFP SAFd SR JERarF FAPR0BIeng (Hags Brare
ol yrer 13 quPGPRETbEPRI PR LRy FRBvng BOLBFAFRA: FORTVAFO BF Cmvil XA
(oot I 4818 %adl: AAERheotaPRRL Abvea®! Gk ¥ Lhantigshecl, Lo the
separation angle can be realized.
Further, when the polarizing beam splitter of the
present invention is used as a polarizing beam splitter
10 of an optical data recording/reproducing device for
recording an interference pattern in an optical recording
medium and for reproducing the data recorded as an
interference pattern in the optical recording medium, the
optical data recording/reproducing device can be of a
15 small size, and stable recording and reproducing

operations can be obtained.



15 nol ecul es aligned uniformy with respect to the surfaces of the
transparent substrates wherein aligning directions of the nolecules are
parted spatially in the two polymer liquid crystal filnms with a specified
rel ative angle. 3. The phase plate according to Claim2, wherein the 20
specified angle is 45. 4. The phase plate according to Claim1, 2 or 3,
wherein the phase plate conprises a transparent substrate having a surface
on which a polyner liquid crystal filmwhbse nolecules are aligned in a
specified direction with 25 respect to its surface, is fornmed in a spatially
parted region and another transparentCls®%$rate having a surface on which
a polyner liquid crﬁstal fil mwhose nplecules_ 76 are aligned in_a specified

direction di iferBnPhepEnPLRES CREPTOFiRHef BPA¥PCHOryABAD FaYSEadrystal film
with respect to its surface, is fornmed in the other spatially _parted
region, and théM RghspReEHEeBubEAREPEL SBite SHPPERPRE ed WEGTEARL te regi on of
Crystal 111 wpatuntis [57oq faphua Bach ioMnér PAZBFanabateal 1vs i PAbRase pl at e
compri 0 & poluter Liqud.ryetal Liimand an ocoane bivelringent film
polymer 11U g etuet al, LU Ll 4RS00 SRRkt ) oflan L g o ace of
(ml +172)xA (Where T T8 208,07 3 (LNLGO8T, 07 1008 va Slam, W L rLgspect
aligning direction of the molecules of the polymer liquid
crystal film.
10 2. The phase plate according to Claim 1, wherein the
polymer liquid crystal film comprises two polymer liguid
crystal films having a retardation value of (m+1/2)xA
(where m is zero or an integer of positive sign) with
respect to the incident light of wavelength A and having
15 molecules aligned uniformly with respect to the surfaces
of the transparent substrates wherein aligning directions
of the molecules are parted spatially in the two polymer
liquid crystal films with a specified relative angle.
3. The phase plate according to Claim 2, wherein the
20 specified angle is 45°.
4. The phase plate according to Claim 1, 2 or 3, wherein
the phase plate comprises a transparent substrate having
a surface on which a polymer liquid crystal film whose
molecules are aligned in a specified direction with
25 respect to its surface, is formed in a spatially parted

region and another transparent substrate having a surface

on which a polymer liquid crystal film whose molecules



15 i nci dent

i ght of wavelength A the aligning direction of the nole

of the polyner liquid crystal filmbeing uniform and the organic

bi ref i ngent

filmhas a retardation value of (nR2+1/2)xA (where nR2 is

cul es

Zero

or an integer of positive sign) with respect to an incident 20 |ight of
wavel ength A, the aligning direction of the nolecules of the polyner
crystal filmbeing uniformin a direction different fromthe aligning
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the polyner liquid crystal fidm 6. An optical data
produci ng device for 25 recordlng in the optical recording
REe Bpipesr F@cérépﬁﬁlﬁééﬁuﬁﬂéﬁc &

liquid

| ayer
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5. A phase plate comprising a polymer liquid crystal
film and an organic birefringent film laminated, which
are held between transparent substrates, wherein the
polymer liquid crystal film is formed on a specified
region in a surface of at least one transparent substrate
and has a retardation value of (m;+1/2)xA (where m; 1is
zero or an integer of positive sign) with respect to an
incident light of wavelength A, the aligning direction of
the molecules of the polymer liquid crystal film being
uniform, and the organic birefringent film has a
retardation value of (mpy+1/2)xA (where m; is zero or an
integer of positive sign) with respect to an incident
light of wavelength A, the aligning direction of the
molecules of the polymer liquid crystal film being
uniform in a direction different from the aligning
direction of the polymer liquid crystal film.

6. An optical data recording/reproducing device for
recording in the optical recording layer of a disk-like

optical recording medium an interference pattern as data,

formed by the interference of an object light and a



151 to 5 which is located in the optical path between the beam conbining
nmeans and the optical recording nmedium 7. The phase plate according to any
one of Clainms 1 to 5 wherein the polymer liquid crystal filmas a
constituent elenment of the phase plate has a retardation value of k x 20 As
(where k is an integer of positive sign) with respect to an incident |ight
havi ng a wavel ength As which is different fromthe wavel ength A of the
incident light. 8. An optical data recording/reproducing device for
recording in the optical recqrding | ayer of a disk-like 25 gptical recording
medi um an i nF8EEERBREe lgatelkTa81@4CE tOF SR d LB tiRES PP&iCelence of an
object light and a, reference_light both having_a wavel ength of A irradi ated
78 to the dFSKOFPREBIoPEFCHM P@E%F@iﬁ&l Gk G OLE S gﬁ@?fapnﬁbcording

| ayer and a light reflection |ayer, and faqr reproducing the recorded data
by i rradi at i fig AT FPOAEETG™ HGHETharPr TR Tt FBrERA 9t TR o the 5
recorded interference pattern, the.optical data recordinglreproducing
devi ce beingr€ﬁ8F§€gePF§§d%HylrE‘ F&&Pﬁgaarﬁ%ﬁﬁ@@ﬁﬁﬁ@h#ﬁéhﬁegﬁbq#ﬁ?
aligning into the ane optical axis the optical axes.of. the object |ight
and refer%nc§eFP§€F%iﬁgfﬁgﬁfrfﬁfg pﬁgtgﬁprc§her@?laﬁa&gdfﬁanediunl a col or

beam conbi ni ng neans for _ali %Ln iNnt Q tgp.sane opti%gl.axi t he optica
e 5]

axes of the 0 fgg lnﬁ/é prgﬁ eﬁgﬁegﬁ |§ﬁ@géﬁgafﬁ§ 5nga bgkis of an

e et 1 OB LRI AR A L O B
same optical axis the optical axes of the object light
and reference light incident into the optical recording

10 medium and an objective lens allowing the object light
and the reference light to pass through the optical
recording layer in the optical recording medium and
focusing them on the light reflection layer, and further
comprising the phase plate described in any one of Claims

15 1 to 5, which is located in the optical path between the
beam combining means and the optical recording medium.

7. The phase plate according to any one of Claims 1 to 5,
wherein the polymer liquid crystal film as a constituent
element of the phase plate has a retardation value of k x

20 Ag (where k 1s an integer of positive sign) with respect
to an incident light having a wavelength As which is
different from the wavelength A of the incident light.

8. An optical data recording/reproducing device for
recording in the optical recording layer of a disk-like

25 optical recording medium an interference pattern as data,

formed by the interference of an object light and a

reference light both having a wavelength of A irradiated



15 object light, the reference light and the incident |ight of wavel ength
As to pass through the optical recording layer in the optical recording
medi um and focusing them on the light reflectionlayer, and further
conprising the phase plate described in Caim7, which is located in the 20
optical path extending fromthe beam conbining means through the col or beam
conbining neans to the optical recording nmedium 9. The optical data
recordi ng/ reproduci ng device according t® daim6 or 8 wherein data are

recorded in _25_the.optical recording nmediym by rting_li.ght hawving a
wavel engt h AGnFPed TP Rohekel PaRe-e0aF Beor i BoAmPar bl Hrvis: 93l or  zed

i and o second,| | peBthyRolariged, o, hght byTeans of 1a,Fl o

pol ari zi ng be I i nearl |ze€quﬁn to
tial |ight t ' | i .canryi dat a, i
e Doty | ABL BRI ol o oQGEaRR QLgchy) igbhaigiity B0 dols, Ueino

t he second | inear a reference and conbi ni ng

the object | Lahtoaldibhe: Eatenanendl LoltyB9oA5cHo03! hoRdl BLe the same

optical axis by a sec olarrzin eam sp ter as a beam conbi ni ng

means, and t9@c9§hag{gﬁgegggggﬂcghggeegkﬁ@'th@eeggghaa gygr are reproduced

as a data carrying ( y irradiating a rep ucing lI'ight being a
linearly poké&b%@anVQQerahEQHﬁbﬁebQEefbé%hgpghé&béh@QiE%@”bysp"tter to

the optical recording layer in the optical reécording nedium Wwherein the
first polarizbpgrbeafy spbebketoapdntiig sesasdrBel ankizhRg beamssphitter are

same optical axis the optical axes of the object light
and reference light incident into the optical recording

10 medium, a color beam combining means for aligning into
the same optical axis the optical axes of the object
light and reference light and the optical axis of an
incident light having a wavelength As which is different
from the wavelength A and an objective lens allowing the

15 object light, the reference light and the incident light
of wavelength Ag; to pass through the optical recording
layer in the optical recording medium and focusing them
on the light reflection layer, and further comprising the
phase plate described in Claim 7, which is located in the

20 optical path extending from the beam combining means
through the color beam combining means to the optical
recording medium.
9. The optical data recording/reproducing device
according to Claim 6 or 8, wherein data are recorded in

25 the optical recording medium by parting light having a

wavelength A emitted from a light source into a first

linearly polarized light and a second linearly polarized



15 pol ari zing beamsplitters provided with polarizing diffraction gratings
for parting the transmtting |ight along polarization directions by
diffracting first and second linearly polarized incident |ights whose
pol ari zation directions are perpendicular to each other, 20 and the
diffraction gratings have diffraction characteristics that the polarization
separation angle fornmed by the diffracted first linearly polarized |ight
and the diffracted second linearly polari%Z®d light is larger than the
i nherent diffraction angle of the.,25 incident linearly l.arized light. 10.
The optical 4APREr B¥oPEPRS/ PEpPoddcPhigPledt & ingc O6R8! 7 %HGtéFain19, wher ei n
each of the first .,and 80 _second pol.arizing beam,splitters conprises a
honmogeneous lFEF%&éFF?@ FhﬁeilFF&ngﬁ&?@ﬁhynﬁPgﬁFéFeﬁabﬁ LaCader aged
refractive index,between _an qrdinary refractive index n and an
extraordinarﬁpﬁéﬁﬁicﬁﬁggtiW8§%9ﬁ§9rwﬁPcﬁrP§uFFIFQdogjﬁﬁ%aélP st concave
portions of a _polyner _liquid crystal |ayer, having.an ordinary refractive
i ndex no andcﬁﬁrng9r§8F Pn5F§n§e%%§cFF9§n ndéX < lgngo&§5ﬁﬁ§%t&ég®%oss-
sectional _ shape _of saw-tooths;like f.orm.11. Th opt&pal dat.a
ghﬁ rZF

recor di ngl r ef oﬁuEF%Srﬁggfc 19?6’a€88y8?ﬁ81P6n€| _ Q,Jﬁﬁé ﬁhgaéﬁdpf_the
first and S%ﬁ%”?e@%&%bhé}?ggﬁ%agbsgg'Egeéﬁiﬁgnﬁkg%e%h%.Eﬁr%t pggk%@]ZIng

diffraction grating acting only an~~i'ncident 11 g of “fi

g:??f;L{iﬁg'QQEéegy'EQE%céﬂﬁ Bo1829900PRLak 29 cditf LacL QR grating for

combining means, and the data recorded in the optical
recording layer are reproduced as a data carrying light

10 by irradiating a reproducing light being a linearly
polarized light parted by the first polarizing beam
splitter to the optical recording layer in the optical
recording medium, wherein the first polarizing beam
splitter and the second polarizing beam splitter are

15 polarizing beam splitters provided with polarizing
diffraction gratings for parting the transmitting light
along polarization directions by diffracting first and
second linearly polarized incident lights whose
polarization directions are perpendicular to each other,

20 and the diffraction gratings have diffraction
characteristics that the polarization separation angle
formed by the diffracted first linearly polarized light
and the diffracted second linearly polarized light is
larger than the inherent diffraction angle of the

25 incident linearly polarized light.

10. The optical data recording/reproducing device

according to Claim 9, wherein each of the first and



15 only an incident |ight of second linearly polarized |light, which are
| am nated. 12. The optical data recordi ng/reproduci ng device according to
Claim11l, wherein each of the first and second polarizing diffraction
gratings conprises a 20 polynmer liquid crystal |ayer having an ordi nary
refractive index no and an extraordinary refractive index ne and having the
cross-sectional shape of a sawtooth- |ike formand a honbgeneous refractive
i ndex transparent material having an ordihary refractive index no or an 25
extraordinary refractive,index ne, whi¢ch is filled,in at _|east concave
portions of FTRECPDI PALRTEFHUPdPERPsERILCFEYEr CRRBF &FRSt ReRRBPYRBLOMSquUI d
crystal |ayer conprlses,S% t wo gol nmer Ii%uid,ciygtaL | ayers in which the
aligning di FeEXROhsVer IEHEXnbF @REPBESRH PRECFAGLr Ba¥LBI BBr pERAPEEFar to
each ot her. . . . . .
refractive index between an ordinary refractive index n,
and an extraordinary refractive index n., which 1s filled
5 in at least concave portions of a polymer liquid crystal
layer having an ordinary refractive index n, and an
extraordinary refractive index n. and having the cross-
sectional shape of a saw-tooth-like form.
11. The optical data recording/reproducing device
10 according to Claim 9, wherein each of the first and
second polarizing beam splitters comprises a first
polarizing diffraction grating for diffracting only an
incident light of first linearly polarized light and a
second polarizing diffraction grating for diffracting
15 only an incident light of second linearly polarized light,
which are laminated.
12. The optical data recording/reproducing device
according to Claim 11, wherein each of the first and
second polarizing diffraction gratings comprises a
20 polymer liguid crystal layer having an ordinary
refractive index n, and an extraordinary refractive index
n. and having the cross-sectional shape of a saw-tooth-
like form and a homogeneous refractive index transparent
material having an ordinary refractive index n, or an
25 extraordinary refractive index n., which is filled in at

least concave portions of the polymer liquid crystal

layer wherein the polymer liquid crystal layer comprises



81

two polymer liquid crystal layers in which the aligning
directions of the molecules in the layers are

perpendicular to each other.





