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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to an optical pickup device and a
photodetector device suitably employed for alnagneto—?ptica; disc
apparatus or an optical disc apparatus. More particularly, it
relates to such optical pickup deviqe or photoéetector device
which, by employing an optical element exhibiting polarized light
selectivity, allows to reduce the number of component parts and
the optical length of the optical system.

Background of phe invention

. The optical pickup device, employed in the magneto—optical
disc apparatus or an optical disc apparatus, includes an optical
system for detecting RF signals from a recording medium, an
optical system for detecting focusing errors and an optical
system for detecting tracking errors.

' Such optical pickup device includes an outgoing optical
system on an outgoing path for causing the light to fall on a
;ecording medium, as shown in Figil. The optical system for the
outgoing light is comprised of a light source 1 for # laser

beam, a collimator lens 3 arranged on an optical axis between the

light source 1 and a_recording medium 2, a first beam splitter




The optical pickup device, enployed in the nmagneto-optical disc apparatus
or an optical disc apparatus, includes an optical systemfor detecting RF
sifgnal s froma recording medi um an optical system for detecting focusing
errors and an optical systemfor detectigng tracking errors. Such opti cal

pi ckup device includes an outgoing optical systemon an outgoing path for
causing the light to fall on a recording nmedium as shown in Fig.1l. The
optical sg¢stat fofirhé outgekngyehsght iBheonpghserrad thd ilghhtsawureel 1 for
a laser beam a collimator |l ens 3 arranged on an optical axis between the
li ght souf€ec?ladnmagededyr diheg coddilmmtar deinsr St ayshrhroypisimtitéred thdoargh a
first con\é?1 | ens 5. The |I?ht fromthe light source 1

first beam splitter so as to be incident on the first
convex lens 5 and thereby converged on the recording medium 2.

. The optical pickup device also includes an opfical system
for the return light for detecting the return light reflected
back from the recording medium 2. The return optical system is
'configured for detecting the return light from the recording
medium 2 taken out by the first beam splitter 4, and includes,
on an optical axis of the return light reflected from the first
beam splitter 4, a first half-wave plate'B, a second convex lens
7, a concave lens 8 and a second beam splitter 9. In addition,
the return optical system includes a two—segﬁent photodetector
10 for detecting the return light transmitted through the second
beam splitter 9 and a four—-segment photodetector 12 for detecting
the return light reflected by the second beam splitter 9 and
transmitted through a cylindrical lens 11.

The return light reflected by the first beam splitter 4 has
its plane of polarization rotated 45 by the half-wave plate 6
and is transmitted through the second convex lens 7 and the
concave lens 8 of pre—set focal lengths so as to fall on the
second beam splitter 9. The return light transmitted through the
second beam splitter 9 is directly detected by the two-segment

photodetector 10. The return light reflected by the second beam

splitter 9 is detected by the four—segment photodetector 12 after



is collimated by the collimator lens 3 and transmtted through the first
beam spkitter 4 so as to be incident on the first convex lens 5 and thereby
converged on the recording nedium 2. The optical pickup device .al so

i nclxudes an optical systemfor the return |light for detecting the return
light reflected back fromthe recordi ng3medium 2. The return optical system
Is configured for detecting the return light fromthe recordi ng nmedium 2
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beam splitter 9. In addition, the return optical systemincludes a
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t hrough the second beamsplitter 9 and a four-segnent photodetector 12 for

detecti ngdéhectetttien foghdingefd mairedipndlndysecoadtheantspl méthod9 ahige
four—segment photodetector 12 is also utilized for detecting RF '
signals from the recording medium 2.

The above—despribed optical pickup device is in need of a
large number of component parts since the cyliﬁdricaltlens 11 is
required for detecting focusing error signals and a cémbination
of the first coﬁvex lens and the concave lens is required for
raising the multiplicatidn factor in detecting the return light
by thé two—segment phdtodetector- 10 and the four—segment
photodetector 12. Thus it has been desired to reduce the number
of the component parts and thereby the production cost.

On the other hand, the above—-described optical pickup device
employs the combination of the first convex lens ‘and the concave
lens for raising the multiplication factor in detecting 'the
return light by the two—-segment photodetector 10 and the four-
segment photodetector 12. However, if such combination of the
first convex lens and the concave lens is employed, the return
optical path length is increased, thus obstructing reduction in
size of the device. For reducing the size of the device, an
optical pickup device whose optical system may be designed with

a shorter optical path léngth has been desired.

In addition to the above-described optical pickup device,



transmtted through a cylindrical lens 11. The return |ght reflected b .
the first beamsplitter 4 has its plane of pol arlzatlof‘f’ii ctdhe
hal f-wave plate 6 and is transmtted through the second L land_
t he *concave | ens 8 of pre-set focal lengths so as to faI

beam splitter 9. “The return | i ght transi tted t hrough t he second beam
splitter 9 is directly detected by the two-segnent photodetector he
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error
similarly suffers from an increased number of component parts and

an inoreased optical path length.

In- O plus E, March issue, 1991, an optical pickup device
that can be constituted with a smaller number of component parts
and a shorter opt1ca1 path length has been proposed by NIPPON
ELECTRIC COMPANY LTD. In this optical pickup device, the return
light is separated using a polarizable hologram optical element .
and the separated return light is detected by an eight-segment
photodetector device. However, this optical pickup device suffers
f;onx a drawback that, since the photodetector employed for
producing RF signals from the recording medium is divided into
eight portions, the signal/nose ratio (S/N ratio) in detecting
the RF signals froh the recording medium is lowered. In
addition, this optical pickup device is difficult to reduce in
size because the laser light source or the photodetectors are
independent units without being, integrated together.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
"provide an optical pickup device which is made up of a smaller
number of component parts with .a shorter_opfical path length of
the optical system and superior in the S/N ratio in detecting the
RF signals from the recording medium, and in which respective .

component parts can be integrated together.



by a push-pull nmethod, while the four-segnment photodetector 12 detects the
focusing error signal by an astigmatic nethod. The four-segnent
phot odet ector 12 is also utilized for detecting RF signals fromthe
recordi ng medi um 2. The above-described optical pickup device is in need of
a | arge nunber of conponent parts since the cylindrical lens 11 is
required for detecting focusing error signals and a conbi nation of the
first convex lens.and the concave lens . is required for .raisin
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devi ce enploys the conbination of the first convex lens and the concave
| ens- for raising tdie mgddH | citid Opréachor ihNedei 66t bRGviINEs an optical

pickup device for reading out a signal from a recording medium
by radiating a 1light beam to the recording medium and by
detectihg a return light reflected from the recording @edium. The
optical pickup device: - includes light emitting.means,;first beam
splitting means arranged on the light path of an inciaent light
radiated by the light emission means and iécident on the
recording medium for taking out a return light beam from the
light path of the incident light, second beam splitting means
arranged on the light path of the return light beam split by the
first beam splitting means for splitting the return light into
two return light beams, first detection means for detecting one
of the return light beams split by the second beam splitting
means, polarization selective optical means arranged on the light
path of the other return light beams split by the second beam
sglitting means for splitting the other return light beam into
plural light beams having different polarized states, and second
detection means for detecting the plural light beams split by the
optical means.

In another aspect, the present invention provides an optical
apparatus for reading out a signal from a recording medium by

radiating a light beam to a recording medium and by detecting a



return |ight by th t -%ig hot odet ector 10 and the f = “‘“”*;“
phot odetect or 12. “ onbi nation of the fifstTdiEHVE an(
t he concave | ens |s return optical path length is

t hus” obstructing red of the device. For reducing _
t he device, an opti cal plckup deV|ce whoée optical system may be designed
with a shorter optical path length has been desired. In addition to the
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conponent parts and
splitting means arranged on the light path of an incident iight
radiated by the 1light emission means and incident on the
recording medium for taking out the return light beam from the
light path of the incident light, second beam splitting means
arranged on the light path of the return light beam split by the
firsg light splitting means for splitting the'return light beam
into two return light beams, first detection means comprised of
a three—segment detector ABC for detecting one of the return
light beams split by the second beam splitting means,
polarization selective optiecal means arranged on the light path
of the other return light beam split by the second beam splitting
means for splitting the other return iight beam into a 0 order
light beam, a +one order light beam and a —one order'light beam
having different polarizgd states, second detection means
comprised of a three-segment detector DEF, a detector G and_a
detector H for detecting the O-order light beam, +one order light
beam and the —one-order light beam having different polarized
states, respec&ively, and arithmetic means for executing
arithmetic operations for finding a focusing error signal FE =
{(afc)—b} -ﬂf(d+f)—e}, a tracking erfor signal THE = a-c, a
photo—-magnetic signal MORF = (dt+e+f) - (g+h) and an optical
signal CDRF = (d+e+f) + (gt+h), where a, b, c, d, e, f, g and h

denote light volumes detected by said detectors A, B, C, D, E, -



an increased optical path length. In O plus E, March issue, 1991, an

opti cal spi ckup device that can be constituted with a smaller nunber of
conponent parts and a shorter optical path |ength has been proposed by

NI PFON ELECTRI C COVPANY LTD. In this optical pickup device, the return
light is separated using a pol arizable hdt ogramoptical elenment and the
separated return light is detected by an ei ght-segnent phot odet ector

devi ce. weyer, .this ogtica[ | ckup device suffers froma drawback that,
since the’ ph8t 888t Bet 6F BﬁﬁFbyghyfor produci ng RF signals fromthe

rec.or di .ng medi &IH' .hr%tdia\ﬁi qar! rz‘a?so e%itghttlpeor ri'gsnesnt t Pr?véﬁgpﬁjllﬁrog\?lég i.gn( S/N
ratio) in detecting the S|gn§1s fromthe recordi ng nmedium TS
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i n size because the 'l aser Ilg%t source or the photodetectors are

i ndependerfdilint SyWirkligdt ;Rgi R 1RO LM ¢HUEt PeEording medium and by
detecting a return light reflected from the reéording medium. The
optical apparatus includes light emitting means, first beam
splitting means grranged.on the light path of an incident light
radiated by the 1light emission means and' incident on the
recording medium for taking out the return light beaﬁ from the
light path of the incident light, second beam ;plitting means
arranged on the light path of the return light split by the first
light splitting means for splitting the return iight beam into
two return light beams, polarization selective first optical
means for splitting one of the return light beams split by the
first optical means into a O—order light beam, a +one order light
beam and a -one—order light beam having different polarized
states, first detection means having a first three-segment
detector ABC for detecting the +one order light beam split by the
f%rst optical means and a second three—segment detector DEF for
detecting the —one order light beam split by the first optical
means, polarizdtion selective second optical means provided on
the light path of the other_return light beam split by the éecond
beam splittiné means for splitting the other return light beam

into a O-order light beam, a +one order light beam and a -one-— '

order light beam having different polarized states, second



SUMMARY OF THE I NVENTION It is therefore an object of the present invention
to provikde an optical pickup device which is made up of a snaller nunber

conponent
and *super

recordi ng nmedium and in which respectivg conponent parts

t oget her.
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parts with a shorter optical path |length of the optical system

ior inthe SSNratio in detecting the RF signals fromthe
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order light beam, +one order light beam and the —one order light
beam as split by the second optical means, and arithmetic means
fdr executing arithmetic operations for finding a focusing error
signal FE = {(a+c¢)-b} — {(d+f)—e}, a tracking error signal TE =
{a—c) + (d—-f), a photo—magnetic signal MORF = g—-(h+i) and an
optical signal CDRF = g+(h+i), where a, b, ¢, d, e, f, g and h
denote light volumes detected by said detectors A, B, C, D, E,
F, G and H, respectively.

With the optical pickup device according to . the present.
invention, the return light from the recordipg medium is taken
off the optical axis by the first beam splitter, while the return
light taken by the first beam splitter is split by the second
bean splitter. One of return light beams split by the second

beam splitter is detected by the first photodetector device. The

other return light beam split by the second beam splitter is .

split by a polarized light selective optical'element into a ©
order 1light beam and *one order 1light beams. different in
polarized state from the 0 order light beam. The O order light
beam and the *one order light beams from the optical elementlare
detected by the second'photodetecéor device.

With the optical pickup device according to a modification,
the return light from the recording medium is split by the first
beam sﬁlitter into two return light beams, one of which is split

by the grating into the 0 order light beam and * one order light

of

can be integrated
51t is another object of the present invention to provide a

In



pi ckup device for reading out a signal froma recording nedium by radiating
a light+beamto the recording nmediumand by detecting a return |ight
reflected fromthe recording nedium The optical pickup device includes
light emtting nmeans first beamsplitting neans arranged on the |ight path
of an incident light radiated by the |igft em ssion neans and incident on
the recording nediumfor taking out a return light beamfromthe |ight path
of the incident |ight, second beam splitting neans arranq]ed on the |ight
path of tReamst-ur nThr§ht et sprEerby! igfe f PRaPs bdARPsPiR% t§TRT Han& T for
splitting the return light_ into two return Iig(gt beans, Birs&1 detection
means for dcféteé’(,ttel%d’yon'é%’off’(%t r’é?%??fﬁftr?gﬁo‘be 11 it TBY PHBEel8RH Beam
splitting ,neans, polarizatjion,selectjve o ticaf[.'!'reD %h%rr%rlq@ng tlh hki ght
path of thlelgg{{hgreapetsgrlﬁ%l #’ﬁhfgﬁe%ﬁ%kéﬁfi *hy the Zye]cond H5eam sppi ttlgng
means for s'seoilét:tttil‘ﬂag ot&eic%tlheélén?é” niljléghg. lbe%rpder}lo_light beam and %one
order light beams different in polarized state from the 0O order
light beam. The 0 order light beam and the *one order light beams
from the optical element are detected by the second photodetector
device. With the photodetector device according to.the present
invention, one of the return light beams split by the beam
splitter is detected by a three—-segment photodetector made up of
photodetector segments A, B and C. The other return light beam,
split by the beam splitter, is transmitted through a polarized
light selective grating to produce diffracted light beams, of
which fhe 0 order light beam. is detected by a three—segment
photodetector DEF while the * order light beams are detected by
photodetector segments G and H. The focusing error signal FE,
tracking error signal TE,, photo-magnetic signal MORF and the
optical signal CDRF are obtained in accordance with the equations
(1) through to (4).

With a photodetector device, according to a modification,
one of the return light beams split by the beam splitter is
passed through a grating to produce diffracted light beams, of
which the + one order light beam is detected by a three—segment

photodetector ABC and the — one order light beam is detected by

a three~segment photqdetector DEF. The other return light beam,



plural |ight beans having different polarized states, and second detection
nmeans ‘for detecting the plural light beans split by the optical neans. In
anot her aspect, the present invention provides an optical apparatus for
reading out a signal froma recording nediumby radiating a |ight beamto a
recordi ng nmedi um and by detecting a 6woeturn’light beamreflected from
the recording nedium The optical apparatus includes Ilight emtting
means, first beam splitting means arranged on the |ight path of an

i nci dent [SPGAt" PXditCeP B tIRL 1T, i dditsiFHgdrs GUE derPe 16 izee

recordingll wdﬂggfgﬁéfygrE%é%%nér¥%rg}g&QcLig?%f?gggéér?gghgebeams, of
which the 0 order light beam is detected by a photodetector G
while the * order light beamg are detected by photodetector
segments H and I. The focusing error signal FE, tracking error
_signal TE, photo-magnetic signal MORF and the optical signal CDRF
are obtained in accordance with the equations (5) through to (8).

With the optical pickup device and the optical apparatus

acdording to the present invention, the optical system can be
fabricated using a smaller number ﬁf component parts, so that -
production costs may be reduced. In addition, the optical path
length of the optical system can be reduced; 80 thaé the device
or apparatus can .bé reduced in- size, in particular if the
components are unified as a compound element.

" According to the present invention, since the number of
segments-of the photodetector employed for detecting the RF
signals from the recording medium is small, it becomes possible
to improve the S/N ratio in detecting the RF signals from the
recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a plan view showing an illustrative arrangement of
a coﬁventional optical pickup device.

Fig.2 is a schematic side view showing essential portions
of an optical pickup device according to the present invention

and an illustrative recording medium.



i ght path of the incident |ight, second beam splitting neans arranged on
the light path of the return |ight beamsplit by the first light splitting
means for splitting the return Iight beaminto two return |ight beans,
first detection neans conprised of a three-segnent detector ABC for
detecting one of the return light beanmsj; split by the second beam
splitting neans, polarization selective optical neans arranged on the
light path of the other return |ight beamsplit by the second beam
splitting nmeand ifeor3 dp5l iet sichgmehécophen Féevrshow e YD it la PO chraer

| i ght beamy a +one order |ight beam and a -one order |jght beam havi ng
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Fig.5 is an enlarged plan view showing a compound element
of the optical pickup device shown in Fig.4.

Fig.6 is a plan view showing an illustrat;ve light emitting
port;on of the compound element shown in Fig.5. "

Fig.7 schematically shows the state of diffra;tion by a
poclarized ligﬁt selective grating of the compound element shown
in Fig.5.

Fig.8 is an enlarged plan view showing first and second
photodetectors of the compound element shown in Fig.5.

Fig.9 is a plan view showing a modification of a compound
element of an optical pickup device according to the present
invention.

Fig.10 is an enlarged plan view showing first and second
photodetectors of the compound element shown in Fig.9.

Fig.11 is a plan view showing‘a further modification of a
compound element of an optical pickup device according to the
present invention,

Fig.12 is an enlarged plah view showing first and second
photodetectors of the compound element shown in Fig.1l.

Fig.13 is a side view showing the state of diffraction by

a grating of the compound element shown in Fig.11l, looking from



arithnetic operations for finding a focusing error signal FE {(a+c) - b}
{(d+f)-e}, a tracking error signal [err] = a-c, a photo-nmagnetic signa
MORF. = (d+e+f) - (g+h) and an optical signal CDRF = (d+e+f) + (g+h), where
a, b, ¢, d, e, f, g and h denote |ight volumes detected by said detectors
A B, C D E 7 F, Gand H, respectivi@y. In yet anot her aspect, the
present invention provides an optical apparatus for reading out a signal
froma recording nmediumby radiating a light beamto a recording medi um and
by detectfhg directian| pfherrew| aciedFigohit he recordi ng nedium The
opti cal apparatus i ncludes |ight emtting neans, first beam
1g.14 is a side view showing the state of diffraction by
a polarized light selective grating of the compound element shown
in Fig.11, looking from the direction of arrow B in Fig.11.
Fig.15 is a plan view showing a still further modification
of a compound element of an optical pickup device according to -
the present invention.
Fig.1l6 is a side view-showing the state of diffraction by
a grating of the compound element shown in Fig.15, looking from
the direction of arrow C in Fig.15.
Fig.17 is a side view showing the state of diffraction by
a polarized light selective grating of the compound element shown

in Fig.15, looking from the direction of arrow D in Fig.15.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the
present invention will be explained in detail.
First Embodiment

An optical pickup device 22 of the present embodiment is
designed so that, by detecting the laser light incident on and
reflected back from a recording medium 21, RF 'signals from the
recording medium 21 are read out at the same time as tracking and
focusing control qperations are performed, as shown in Figs.2 and
3.

Referring to Fig.4, the optical pickup device 22 includes

a compound element 26 and a lens 27 arranged on the optical axis



splitting neans arranged on the light path of an incident |ight radiated by
the |light em ssion neans and incident on the recordi ng medi um for taking
out the return light beamfromthe |light path of the incident Iight, second
beam splitting means arranged on the light path of the return light split
by the first light splitting neans for sb?i tting the return light beaminto
two return |ight beans, polarization selective first optical neans for
splitting one of the return light beans split by the first optical neans
int.o a O efddmhe | ifhte bebhght QQhEOQnaeﬁrbmgﬁmebmwda e ey et FPght
beam having different polarized states, first detection neans_ having
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split bytheflrst opt.i.cal and a sec ndthre sgoment detecto
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p0|ar'Zat%%%s%%h%%&%%eaggcond c’g#fﬁ%d n%ans Qrgyléﬁxkénhg portion 23 for
radiating the laser 1light towgrds the recording medium 21, a
compound prism 24 cénstituting an optical system and a light
receiving portion 25 for detecting the retu?n light from the
recording medium 26. f

Fig.5 shows the compound element 26 to an gnlarged scale.
As shown therein, the compound element 26 includes, as the light
emitting portion, a light source 23a radiating the laser light
towards the recording medium 21. The outgoing direction of the
laser light from the laser light source 23a need not be directly
£owards the recording medium 21. For example, the laser light
from the light source 23a may be reflected by a mirror 23b before
being directed towards the recording medium 21, as shown in
Fig.6. If the iasér light is directed via the mirror 23b towards
the recording medium 21, it becomes possible to increase the
degree of freedom of the position of the light source %3a and
hence to reduce the siz; of the compoﬁhd element 26.

The compound prism 24 of the compound element 26 is arranged
on the optical axis of the laser light outgoing from the light
source 23a, as shown in Fig.5. Thus the compound prism 24 is made
up of a first prism 24a, a second prism 24b bonded via d first

light polarizing film to the first prism 24a, a third prism 24c



the light path ef-theother return light beamsplit by the s
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arithnmetic means for executing arithnetic operations for finding a focusing
error Si ghahdFE vif(a+cldund Yightf )pelgrie tnackiy e rbhessgnahd TErisga- C)
hot o- magnetic signal MORF = g-(h+i) and an optical signal CDRF

(d-f),

= g+(h+|)24 eried A Rplqyqudggxght gsahgchlve grating 24d mounted on the

third prism 24¢. The first light polarizing film operates as a
first beam splitter 24e for separating the incident light beam
into a transmitted light beam and a reflected light beam, while
the second 1light polarizing film opeprates as a second beam
splitter 24f for separating ‘the incident ljght beam into a
transmitted light beam and a reflected light beam.

The first beam splitter 24e is arranged on the optical axis
of the incident light incident from the 1light source 23a on the
recording medium 21 and separates the incident 1light into the
transmitted light beam and the reflected light beam while taking
out the return ligﬂk_beam at the optical axis of the incident
light  beam. The second beam splitter 24f is arrayed on the
optical axis of the return light taken out by the first beam
splitter 24e for splitting the return light into a transmitted
light beam transmitted through the second beam splitter 24f and
a reflected light beam reflected by the second beam splitter. The
direction of splitting of the return light by the second beam
splitter 24f is perpendicular to the tracking direction of the
recording medium 21, by way of an example. The polarized light
selective grating 24d is arranged on the optical path of the
return light transmitted through the second beam splitter 24f so
that a2 0 order light LBO will have a polarization direction HBO

inclined by +45 relative to the polarization direction HB of the

E‘Fmgcér#ﬂgﬁﬁhs BEEN

8 detection neans having detectors H,



denote |ight volunes detected by said detectors A, B, C, D, E, F, G and H,
respectrvely. Wth the optical pickup device according to.the present

i nvention, the return light fromthe recording nediumis taken off the
optical axis by the first beamsplitter, while the return |ight taken by
the first beamsplitter is split by the décond bean splitter. One of
return |I'ight beans split by the second beamsplitter is detected by the
first photodetector device. The other return |ight beamsplit by the second
beam spl i teewrn d igilti LBbgnd polardtzadohieghrdeel kicglity@egpisi EBL , ebBAemitl i nt o
a 0 order_|ight beam and one order |ight beans different in polarized state
from the B2%f devhe i Gitlasdgat ivne dis5PEEEONFgRT bedt andetRE18Re BY defh i ght

beans from Lhe ogtical elenment are detected by the Sj“ ong. phot odet ect o
t ﬁn]-qe 24
i

devi ce. VWPheThe2bpe? GHiresitdedpREevt dd adedrdimyl 8 i B5EF bRE

splits the return light LB into the 0 order light beam LBO and
t one order light beams LB1l, LB2 having :the polarization
directions perpendicular to the 0 order light beam LBO, as shown
in Fig.7. .

The polarization seiective érating 24, emploV&? for the
compound prism 24, may be formed by forming a grating on a double
refraction medium. With this type of the polarization selective
grating, the double refraction medium splits the incident light
into a normal light beam and an.abnormal light beam having
different polarized states, while the grating splits the incident
light into the 0 order light beam and * one order light beams by
diffractidn. The polarization selective grating may, for
example, be a polarizing hologram optical element prepared using
a hologram technique.

The light receiving portion 25 of the coﬁpound element 26
is. made up of a first photodetector device 25a, arranged on the
optical path of the return light reflected .by thg second beam
splitter 24f, a second photodetector device 25b arranged on the
1igh£ path of the return light transmitted through the second
beam splitter 24f and separated by the polarization sglective
grating 24d, and a third photodetector device 25c arranged on the

light path of the incident light reflected by the first beam



the return light fromthe recording mediumis split by the first beam
splitter into two return |ight beans, one of which is split by the grating
into the O order |ight beam and one order |ight 9 beans. These one
order light beans fromthe grating are detected by the first photodetector
devi ce. The other return |ight beamsplyg by the grating is split by the
pol arized |ight selective optical elenent into a 0 order |ight beam and one
order light beans different in polarized state fromthe 0 order |ight beam
The 0 ordeplitgyhar Béam andshoenohe Bi&e?- | i ght beans fromthe optical

el ement are detected by the second photodet ector device. Wth the

phot odet ect or 9B%i kel &tlcoPdiotgdes echerpréehte 252 is a three-segment

photodetector, made up of three photodetector segments A, B and
C, having light receiving regions extending parallel to the
tracking direction T, as shown in Fig.é. The first photodetector
25a is arranged so that the optical axis of the return light LA
reflected by the second beam splitter 24f is cqincident with the
center of the photodetector segmenf B. The second photodetector
25b is comprised of a three—segment photodetector DEF, arranged
on the light path of the 0 order light beam LBO generated when
the return light LB transmitted through the second beam splitter
24f traverses the polarization selective grating 24d, and
photodetector segments G, H arranged on the light path of the *
one order ligﬁt beams LBl, LB2, respectively. The second
photodetector DEF, arranged on the light path of the 0 order
light beam LBO, is a three—segment photodetector made up of three
photodetector segments.D, E anle héving three light receiving
regions extending parallel to the tracking direction. The
photodetector DEF is arranged so tﬁat'the light path of the 0
order light beam LBO is coincident with the center of the
photodetector segment E.

. With the above—described optical device, a smaller number
of components éuffices, while the optical path length of the
optical syétem can be reduced. In particular, by integrating the

compound prism 24 and the light receiving portion 25 with the



I nvention, one of the return | i'ght beans split by the beam spl i tL@rcebr Has BEEN

{ H | ight selective grating to produce
diffracted Iight beans, of"v h the 0 otder light beam is detected by a
t hr ee- segnent phot odetector *DEF while the order |ight beans are detected
by photodetector segnents G and H The focusing error signal FE, tracking
error si ghBfPaEld fifsiestndnet t CaGRs  POISRAPARAL® e BiRY ddle bi gkl padDRF
are obtaiped in accordance with the equatio 1) through to (4). Wth a
phot odet e‘(g:]?otr'h%eg?glec,a c%’('ﬁ?ﬁr?]ga’fcg t&‘errd’dﬁriagét i(sdr’f,e Bﬁetg‘F fREIFBturn 1ight
beanms split bygpfhe.hea [ ter, | d.thraou .grati tq prodyce
& mgzlfgdvt\';“sgﬁnta%sp%%% tthla gegplrghr?g me&'g.lm wett}bgt

diffracted |ight beans, e + one order beami's fd by
a three-sggfeétdescribed optical pickup device, a laser light beam is

detected by a thFflesShes n Ripic@det ect or made. up of phot odet e¢t or gaaREED S
A, B and C. The o | {flbht beam split by the beam spliitter, is
transmtted throu |

f i

radiated from the light source 23a, as shown in Fig.5. The laser
light beam is incident on the first prism 24a of ﬁhe compound
prism 24 and spilt by the first beam splitter 24e into a
transmitted light beam and a reflected light béam. The reflected
light beam is reflected towards tﬁe first prism 24a and'exits the
first prism 24a towards the third photodetector Zéc for detection
thereby. The third photodetector 25c¢ monitors the power §f the
llaser light beam from the light source 23a and controls the power
of the laser light from the light source 23a based upon the
detected light volume. Thus, with the present optical pickup
device, the laser light power can be set at all times to an
optimum level.

On the other hand, the light transmitted through the first
beam splitter 24e exits the second prism 24b to fall on the lens
27' as shown in Fig.4 so as to be converged thereb)‘r on the
recording surface 21la of the recording medium 21. The incident
light on the récording surface 21la of the recording medium 21 is
reflected by the recording surface 2la of the recording medium
21 and returned as a return light containing signals from the
recording medium 21.

The return light follows the route which is a reversal of



phot odet ect or ABC and the - one.order |ight beamis detected

DYHI8 SHEET HAS BEEN
19EPE pLED

t hr ee- ségnment phothjsidiestaoBecbDRipiacsine ot her return |ight beam
by tshe beam splitt
grating to produce
I s detected by a photodete while thg order |ight beans
by phot odet ector segnents H and |. The focusing error signal
error signal TE, photo-nmagnetic signal MORF and the optical si
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are detected
FE, tracking
gnal CDRF are

| t ted through a polarized |ight ' '
t Isfpht beans, of which the O order |ight beam
ctor

obt ai ned i tad@dr 4RficdnRilERnt hblglticanidre (15 orhtbegleton@8yri st tdnl het
opti cal qjckup device and the optical apparatus according to the present
inventiOn}“iﬁgmgﬁﬁwgaprgﬁgtéﬁrcaﬁhsereturn light incident on the second

prism 24b is reflected by the first beam splitter

direction towards the second beam splitter 24f, as

24e in a

shown in

Fig.5. The return light, reflected by the first beam splitter

24e, is separated by the second beam splitter 24f into a return

light beam LB transmitted through the second beam spl

itter 24f

and a return light beam LA reflected by the second beam splitter

24f.

The first beam splitter 24e and/or the second beam splitter

24f desirably has an enhancement effect. If the first beam

splitter 24e and/or the second beam splitter - 24f has an

enhancement effect, the return light reflected by t

hese beam

splitters are subjected to the enhancement effect, so that it

becomes possible to prohibit deterioration of the carrier to

noise (C/N) ratio of the signal from the recording medium.

The return light reflected from the second beam splitter 24f

is radiated from the second prism towards the first photodetector

device 25a so as to be detected by the photodetector segments A,

B and C thereof, as shown in Fig.S.
The return light LB transmitted through the se
splitter 24f falls on the third prism 24c ahd reflect

the prism 24c to exit the prism 24c in a direction to

cond beam
ed within

wards the

second photodetector 25b via the polarization selective grating

24d, as shown in Fig.5. The return light LB is diffracted by the




fabricat-ed using a smaller nunber of conponent parts, so that

productron. costs may be reduced. In addition, the optical path | ength of
the optical system can be reduced, so that the device or apparatus can be
reduced in size, in particular if the conponents are unified as a conpound
el ement. According to the present inventggn, since the nunber of segnents
of the phot odetector enployed for detecting the RF signals fromthe
recording mediumis small, it becomes possible to inprove the SINratio in

det ect i ngPPR@TRF2Si gRar 81 ¢ ¢ biy ¢ HF aleldut ditfg2RedPRiht t BR B IBESCRNPTI ERFOF

conventi ofdF BpPFEsk b ERbpoEED: L0 #1095 T4 2 dieatny SPABS Bl sHBM ng

essent i al oRLI0NSOf a Ao PLAFE! 0P B4R rI8K:§8n2GRAIHAY cLOat R P 638N
order light beam LBO. The 0 order 1light LBO from the
polarization selective grating 24d is detected by the
photodetector segments D, E and F of the second photodetector
device 25b, while the * one order light beams LBl1, LBZ2 are
detected by photodetector segments G and H of -the second
photodetector device 25b, as shown in Fig.8. )

Since the tracking direction of the recording medium 21
corresponds to the splitting direction of the return light by the
second beam splitter 24f, the arraying direction of the
photodetector segmenté A, B and C, the photodetector segments D,
E and F and the photodetector segment H corresponds. to a
direction perpendicular to the tracking direction T of the
recording medium 21, as shown in Fig.8. The direction of
‘polarization HBO of the return light incident on the
photodetector segments D, E and F is inclined +45 relative to
the direction of éolarization HA of the return light incident on
the photodetector segments A, B and C, while the directions of
polarization HB1l énd HB2 of the return light incident on the
photodetector segments G and H are inclined —45" relative to the
direction of polarization HA of the return light incident on the

photodetector segments A, B and C, as also shown in Fig.8.

If the 1light volumes detected by these photodetector



and an illustrative recordi ng nedi um Fig.3 is a schemati '-ﬂgg% j
show ng the opti C@l. g and the recording medium Ff Fi;&iﬁf&%sﬁm ,.

i ck- devi
| ooki ng from abov S éﬁkﬁl s |een§é{7ha an view showing an illustratiyxe... .. R
arrangenent of an (1 $E lHEHE/Jﬂ devi ce according to the present invention.
Fig.5 is an enl argé | I®howi ng a 2Z®npound el enent of the optical

pi ckup device shown in Fig.4. Fig.6 is a plan view showng an illustrative

light emtting portion of the conpound el enent shown in Fig.5. Fig.7
schemat i SRERFSHofs tPREYERat BRrEi AERaEEAoh THF W EdILEr Bzete$RPYHE ISt %ect i ve

ratin f n I n wn in Fi : :
grating QRugQ%c%%q%%uegrgreg?%gaf , specifgigg the amount of defocusing

of the incident light beam on the recording surface 2la of the
recording medium Zi, the tracking error signal TE, speéifying the
amount of detracking of the incident light on the recording
surface 2la of the recording medium 21 based upon the push-pull
method, the photo-magnetic signal MORF and the optical signal
CDRF, that is an RF signal from the recording medium 21, may be
obtained by the following equations (1-1), (1-2), (1-3) and (1-

4), respectively:

FE = {(a+c)-b} - {(d+f)-e} cee (1-1)
THE = a—c : oo (1-2)
MORF = (d+e+f)} - (g+h) ... (1-3)
CDRF = (d+e+f) + (g+h) ' ce. . (1-4)

It is noted that the pp—v;lue of an S—~curve, specifying the
relation between the value of the focusing error and the focusing
error signal, is determined by the optical path length between
the second beam splitter 24f and the polarization selective
grating 24d and the longitudinal magnification of the lens 27.

With the above—described optical pickup device, the light
volume, from which the photo—magnetic signal MORF and the optical
signal CPRF are derived, are detected by the five photodetector
segments D through to H. Thus, with the optical pickup device,
the number of photodetector segments is small, thus giving an

excellent signal/noise {(S/N) ratio in detecting 4the RF signals



Fig.8 is an enlarged plan view show ng first and second phot odetectors of
t he conmpound el enent shown in Fig.5. Fig.9 is a plan view show ng a
nodi fication of a conpound el enment of an optical pickup device according to
the present invention. Fig.10 is an enlaéggd pl an view showi ng first and
second phot.odetectors of the conpound el nt showmn in Fig.9. Fig.11 is a
pl an view showing a further nodification of a conpound el enent of an
opti cal pickup device according to the present invention. Fig.12 is an
enl arged pizam viteay aonidig ff imesti uan@ 1second phot odet ectors of the conpoend
el ement shown in Fig.11. Fig.13 is a side view show ng the state of
diffracti on by & giét ipfgsemtt kavegipsand &henditeshiRih 95 FHiff rer t 1ogoRivng
from . . . . L
the polarization selective .grating 24d is the same as the
splitting direction of the return light by the second beam
splitter 24f, while the return light LA reflected by the second
beam splitter 24f and the 0 order light beam LBO as well as the |
* one order light beams LBl and LB2 transmitted through the
second beam splitter 24f and diff}acted by the grating 24d are
arrayed side-by-side. However, this is merely_;}lustrative and
the direction of diffraction by ~the polarization selective
grating 24d may be a direction perpendicular to the splitting
direction of the return light by the second beam splitter 24f,
while the photodetector segments G and H of the second
photodetector 25b may be arrayed on both sides of the
photodetector segments D, E and F.

Second Embodiment

The optical pickup device of the present embodiment is based
upon a three-spot method for detecting the tracking error by
three laser light beams incident on a recording medium, and is
configured similarl& to the optical pickup device of the first
embodiment except thatﬁit'includes a grating for splitting the
laser light beam from a light source before incidence thereof on
the recording medium into a 0 order ligh§ beam and % one order
light beams and a photodetector segment of the first

photodetector for detecting the + one order light beams from the



T T THIS § SHEET fog BEEN

12 the direction of arr ow | Rehak g 11. Fig.14 is a side view ﬁ&
state of diffractTiessS ed light selective gratingiof the connound
el enment shown in F| fromthe direction of arrow B in Fig. 11. _

Fig.15is a plan VI till further nodi fication of a conpound

el enent of an.optical pickup device accor#? ng to the present invention.
Fig.16 is a side view showing the state of diffraction by a grating of the
compound el enent shown in Fig.15, |looking fromthe direction of arrow Cin
Fig.15. FrPYY §%2hi%8de view showing the state of diffraction by a

ratin t he conpound el enment shown
poyarIZEd llghfhéé”f%#'f%% gp?&caflplckup devq%e of the present embodiment

includes a grating 24g mounted on the bottom surface of the first
prism 24a on which falls the laser light beam from the light
source 23a, and photodetector segments I and J on both sides of
the photodetectoy segments A, Band € of the first photodetector
device 25a, that is on the light path of ‘the return 1light
reflected by the grating 24g, or tﬁe + ‘order light beam reflected
by the grating 24g, as shown for example in Fig.9.

Thé spot pattern on the fist photodetector 25a and on the
second photodetector 25b is such that, in the diffracted light
diffracted by the grating 24g, the 0 order light beams LAOO,
LBOO, LB10 and LB20 are incident on the segments A, B and C of
the phbtodetector device 25a, segments D, E and F of the second
photodetector device 25b'aﬁ& on the seghents G and H and, in the
diffracted light diffracted by the grating 24g, the * 1 order
light beams LAO1, LA0O2, LBO1, LBO2, L?ll, LB12, LB21 and LB22 are
incident on both sides of the 0 order light beams LA0OO, LBOO,
LB10 and LB20, as shown in Fig.10. 1In addition, in the return
light reflected by the second beam splitter 24f, the * one order
light beams LAOl1 and LAO2 from the grating 24g are incident on
the photodetector segments I and j of the first photodetector
dévice 25b.

The optical pickup device of the second embodiment is

similar to the first emboliment with réspect to the RF signals



A N — - R ELH BEEN
i'n Fig.15, looking fromthe direction of arrow D in Fig. 15. 5§§§g
THE PREFERRED EMBQRINEMhRs Bedn®epiaced) to the drawi ngs, preferjred e npnt
of the present i nve lHH !IE expl ained in detail. First Enbodi mant An

opti cal pickup deV| resent enbodi ment is designed so that, by
detecting the | aser nt on an®¥efl ected back froma recordlng
medi um 21, RF S|gnals fronlthe recordi ng medium 21 are read out at the sane
time as tracking and focusing control operations are perforned, as shown in
Fi gs. 2 an@n®. tRef dociusd ngo sRinp ™, s i grabpt fram phekupcoediiog 22dingl Wies a
conmpound Elenent 26 and a | ens 27 arranged on the optical axis
owever, as for the tracking error signal, the tracking error .
signal THE derived form the three—spot method and a push-pull
signal PP derived from the push—pull method may be taken out
in the present second embodiment. That is, if the light volumes
detected by the photodetectors A, C, I and J are denote a, c, i
nd j, the tracking error signal TE derived f;om the three spot
method and the push—pull signal derived from the push—~pull method
may be obtained by the following equations (Zfl) and {2-2)},
respectively:
TE = i—-j cees(2-1)
PP = a—c . cee.(2-2)

Third Embodiment

The optical pickup device of the present embodiment is
configured for splitting the return light from the recording
medium and detecting the split portiohs of the return light froﬁ
the recording medium. The 6ptica1 pickup device of the present
embodiment is s1m11ar to the optlcal pickup device of the first
embodiment except that the photodetector pattern of the 1light
recezv;ng'portlon of the compound element is modlfled.as a result
of such §plitting of the return light by the grating.

That is, the optical pickup device of the present embodiment
has a grating 24h mounted on the bottom suffgce of the second
prism 24b of the compound prism 24 on the light path of the

return light reflected by the second beam splitter 24f, as shown



13 of the laser ht out goi ng fromthe conpound el enent 26 flo

THIS SHEET HAS BEEN
CaBMAlcabng

light emtting port
recordi ng medium 21, a corrpound prism 242@onstituting an optical system and
recei vi ng portlon 25 for detecting the return light -fromthe

the | aser |ight on HasBemtRepligsliace 21a of the recordi ng nEdlun1?1 The ...
conpound el ement 26 Wﬁ ry construction and is conprised of a

a light

|at|ng the | aser |ight towards the -

recordi ng, medi um 26. Fig.5 shows the conmpound el enent 26 to an enl arged

scal e. AsiBhbBif- ther eThe crR@PeymbosiEmedneft %5 | ficf Lpies, Phatodrt ¢

emtting
recordin

et tnr 58, 290 oo BEgandy ARHSEACaE B (Y IR g g THOM (1o

| aser "9P£g?PETC%7 %&ré%jp(gtg)e(géégglﬁéa has two photodetectors ABC

and DEF on the light paths of the * one order light beams LAl,
LAZ2 from the grating 24h, while the second photodetector device
24b has a photodetector segments G on the light path of the 0
order light beam LBO from the polarization selective grating 24d
and photodetector segments H and f on the light paths of the *
one order light beams LBl and LB2 from the polarization selective
grating 24d, respectively. The photodetectors ABC and DEF of the
first photodetector device 25a are each three—segment
photodetectors having the 1light receiving. regions extending
parallel to one agother, and .are each comprised of three
photodetector segments A, B and C and three photodetector
segments D, E and ¥, respectively. The photodetector device 25a
is so arranged that the light paths of the * one order light
beams LA2 and LAZ2 froﬁ the grating 24h coincide with the centers
of the photodetectors B and E, respectively.

Referring to Fig.13, showing the compound element 26 in a
direction of arrow A in Fig.ll and is a direétion of arrow B in
Fig.11, the direction of diffracti;n by the grating 24h, that is
the direction ip which the + one ordef light beam LAl, 0 order
light beam LA0 and the —1 order light beam LA2 from the grating
24h are arrayed, is set so as to be the same as the direction of

diffraction by the grating 24d, that is the direction in which

r adi at| the | aser Ilght towards the



towards the recording nedium 21. For exanple, the laser light fromthe
| i ght seurce 23a may be reflected by a mrror 23b before being directed
towards the recordi ng nmedium 21, as shown in Fig.6. If the laser light is
directed via the mirror 23b towards thedigcording medi um 21, it becones
possi ble to increase the degree of freedom of the position of the Iight
source 23a and hence to reduce the size of the conpound el enent 26. The
conmpound prism 24 of the conpound el ement 26 is_arranged on the optical

axis of thBe|hsdre (oG daedsi heem ridhh + ReoFAgRt 1 8t (2284 B0as 28RO i
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a third pghgggzégffraction directions are set so as to be perpendicular
to the splitting direction of the return light by the second beam
splitter 24f. Thus the light receiving portion 25 of the
compound element 26 is arranged so that the photodetector
segments are in register with these light beams, that is so that
the segments A, B and ¢ and the ségments D, E and F are arrayed
transversely and the segments H, G and I .pf the second
photodetector device 25b are arrayed tr;nsversely in this order
below the first photodetector device 25a, as shown in Fig.12.

Consequently, the spot pattern on the first photodetector
device 25a and the second pho£odetector device 25b is such thaﬁ,
in the diffracted light by the grating 24h, the * one order light
beams LAl, LA2 are incident on the photodetectors ABC and the
photodetectors DEF of the first photodetector device 25a, and
that, in the diffracted light by the grating 24d, the 0 order
light beam LAO is incident on the photodetector segment G of the
second photodetector device 25b, whereas, in the diffracted light
by the grating 24d, the * one order light beams LAl and LB2 are
incident on the photodetector segments H and I of the second
photodetector device 25b, as shown in Fig.12.
If, with the above-described optical pickup device, the

light volumes detected by the photodetector segments A through

to I are denoted a through to i, respectively, the focusing error
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(3—-4), respectively:

FE = {(atc)-b} — {(d+f)—e) ce..(3-1)
THE = (a-c) + (d-f) : e (3-2)
MORF = g—(h+i) | e . (3-3)
CDRF = g+(h+i) o ... (3-4)

In the optical pickup device of the instant embodiment, the
light volume, based on.which.the photo-magnetic signal MORF and
the optical signal CDRF are produced, are detected by the three
photodetector segmenté G, H and I. Thus, with the optical pickup
device, the number of photodetector segments is small, thqs
giving an excellent signal/noise (S/N) ratio in detecting thé RF
signals from the recording medium.

Fourth Embodiment

The optical pickup device of the present fourth embodiment
is provided with only one beam splitter, and is configured
similarly to the optical pickup device of the third embodiment
except that the second prism is removed from thé-compound prism
and the first prism is directly ﬂpnded to the third prism, while
there is provided only one beaﬁ splitter.

The compound prism of the optical pickup device of the
instant embodiment has a first prism 24a, a third prism 24c

bonded to the first prism 24a via a polarization film, a grating

L.



optical axis of the return i ht taken out by the first beam g’ﬁ’lslségé Hgggssu

for splitting theThied ‘to a transmtted |ight beamtransm

t hrough the second \ 24f and a reflected |ight beam reflect ed
by t'he second beam ldl rectipn of splitting of the return |ight
by the second beam splitter 24f is perpendicular to the tracking direction

of the recordi ng nedi um 21, by way of an exanpl e. The poI arized |ight

sel ecti vez rﬁ] g% artrag?ctgd J[g)nsm patr{q;% ofa ttiRe r%tllércn ihleght

transmtt e secon gAm sp so that a 0 order light

LBO will &Jﬁg J@fa&ntg&rtaﬂ'tﬁ?ectermdﬁ?mplzmd Y st ghatrige 150 t he

pol ari zation ditection HB of the 15 .
The polarization film portion between the first prism 24a and the
third prism 24d operates as a beam splitter 24i for splitting the
incident 1light beam into a transmitted light portion and a
reflected light portion. If only one beam splitter is used in
this manner, the compound element 24 may be cempact in size and
hence the optical pickup device may be‘reduced in size.

With the above—described arrangement of the compeund prism
24, the mounting positions of the first photodeteetor 25a and the
second photodetector 25b of the light receiving portion 25 of
the compound element 26 are also changed. That is, the first
photodetector device 25a is arranged in the vicinity of the light
emitting portion 23, for detecting the diffracted light from the
grating 24h, while the second photodetector device 25b is
arranged so as to be closer to the light emitting portion 23 than
in the third embodiment for detecting the diffracted light from
the grating 24d.

The compound element 26 is arranged so that the % one order
light beams LAl and LA2 from the grating 24h are incident on the
photodetectore ABC and DEF of the first photodetector device 25a,
while the photodetectors ABC and DEF are arranged on both sides
of the light emitting portion 23, as shown in Fig.16, showing the
compound element 26 from the direction of arrow C in Fig.15. The

photodetector segments H, G and I are arranged in this order



return light LB and so that [err] one order |ight beans LB1, LB2 wll have
the potarization directions of -45 relative to the polarization
direction HB of the return light LB. The grating 24d splits the return
light LB into the 0 order |ight beam LBQ Snd + one order |ight beans LBI,
LB2 having the polarization directions p% pendi cular to the 0 order |ight
beam LBO, as shown in Fig.7. The polarization selective grating 24,

enpl oyed for the conpound prism 24, nay be formed by formng a grating on a
doubl e r efaradtliedn meditime W phothistegpersf AB{e pBParlBHtiodn theedtin

grating, the double refraction nediumsplits the incident |ight jnto a
normal | iRjmtastedcter davVaBRofARl 39 gt Hh&Rm ARFIRS di rgﬁgmploé(grﬁorzoé'b

i e R0 0 Ty W TR, e A, e e g o
SE|ECtdi} g£akhggseg%%d gﬁgtodetector'device 25b and the * one order
light beams LB1 and LB2 from the polarization selective grating
24d are incident on the segments H and I of the second
photodetector device 25b, as shown in Fig.17, showing the
compound element 26 from the direétion of arrow'D in Fig.15.
For reading out signals from the recording medium from the
above—-described optical pickup device, a laser light beam is
radiated from the light emitting portion 23, as shown in Fig.l15.
The laser light beam is incident on the first prism 24a of the
compound prism 24 and split by.the beam splitter 24i into a
transmitted light beam and.a reflectéd light beam. The ref;ected
light beam is reflected within the first prism 24a as in the
first embodiment and radiated from the first prism 24a towards
the third photodetedtor device 25c¢ for detection thereby. The
light beam transmitted through the beam splitter 24i exits the
third prism 24c. Similarly to the outgoing light from the second
prism 24b in the abqve—described'embodiment, the outgoing light
from the third priém 24c is incident on the recording medium 21
and reflected by the recording surface 2la of the recording
medium 21. The reflected light is a return 1light containing the
signals from the recording medium 21.

This return light is incident on the third prism 24c by
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exanpl e, be a polarizing hologran1opt|cal el ement prepared usiing agemlamgpam

techni que. The | irgigtheetstaeBeeh 568/ ti on 25 of the conpound el e
made up of a first > ~device 25a, arranged on the optical path
of t'he return Ilghu } ' t he second beamsplitter 24f, a second
phot odet ect or devi arranged on the29ight path of the return l'i ght
transmtted through the second beam splitter 24f and separated by the

pol ari zati on sel ective grating 24d, and a third photodetector device 25c
arranged Hnliewing dre ﬁayﬁeorewes%cﬁrd@htthlautgm frféff Lactdgnhyl tR 1 i

beam 16 splitter 24e, .as shown in Fi
retgrn light incident on the thf%d prism 24c is split by the beam

splitter 24i into the return light transmitted through the beam
splitter 24i and the return light reflected by the beam splitter
241i.

The return lfght transmitted through the beam splitter 24i
exits the third prism 24c¢ in a direction @owards the first
photodetector device 25a via the érating 24h. The réeturn light
is split into the 0.order light beam and * one order light beams
LAl and LA2, by diffraétion by the grating 24h. The % one order
light beams are detected by the phbtodetectors ABC and DEF of the
first photodetector 25a, respectively, as shown in Fig.15.

The return light reflected by the beam splitter.24i is
reflected within the third prism 24c, and exits the third prism
24c in a direction towards the second photodetector device 25b
via the polarization selective grating 244, as shown in Fig.15.
The return light is split into the O order light beam LBO and %
one order light beams LB1 and LB2 having the polarization
direction perpendicular to the 0 order 1light beam LBO by
diffraction by the polarization selective grating 24d, as shown
in Fig.17. The 0 order light beam LBO and the % one order light
beams LB1 and LB2 from the polarization selective grating 24d are
detected by the segment G of the second photodetector device 25b
and by the segments H and I of the second photodetector device

25b, respectively.



The first photodetector device 25a is a three-segnment photodetector, nade
up of three photodetector segnments A B and C, having |light receiving
regions extending parallel to the tracking direction T, as shown in Fig.8.
The *first photodetector 25a is arranged so that the optical axis of the
return light LA reflected by the second ¥am splitter 24f is coincident
with the center of the photodetector segnent B. The second phot odet ect or
25b is conprised of a three-segnent photodetector DEF, arranged -on the

i ght path of Vh&botbedertirght PhekHPLBOV3ERePAt dBeWRERSERE FRPAFATERGRt LB

transmtted through the second beam splitter 24f traverses ol grization
sel ect i vetBFafPﬁ‘dg?’ﬁﬁ,e%‘Ffﬁr P& Gde f&ct (§Fa§§dﬁ§nF§r§ ﬂ%?'ﬁ%ﬁ&ﬁgt I"‘lée

| i ght path of the . light b LB1, . i vel. The
sodond” ohariactics sEPEELCHE may BV gReBea Bl X ¥he JSHRCEMRYS Hen:  ThE

beam LBO, is a three-segnment photodetector made up of three



phot odet ect or segments D, E and F having three |ight fecéFVTﬁﬁ“FégiUnS“””"

S BEEN
R A i

with the center of the®phbt ol et’ector segnent E VVt
optical device, a smaller nunber -of conpgnents sufflces
path length of the optical systemcan be reduced. In particular,

i ntegrati c |sn124 and the |ight receiving portion 25 W th
t he Qgﬁﬁpgﬁ gﬂgfgﬁgn 3 it becones possible to reduce the light path
of the opilcal §Y8E€QLQpoEQEu8V§r@Hcesk%% Q%aHQdi%%%C%'Signal from a

recording medium by radiating a light beam to the recording

e optlcal

medium and by detecting a return light reflected from the
recording medium, comprising:

light emitting means;

first beam splitting ﬁeans arranged on the light path of an
incident light radiated by said lignt emission means de incident
on the recording medium for taking out a return light‘beam from
the light path of the incident light; )

second beam splitting means arranged on the light path of
the return light beam split by said first beam splitting means
for splitting the return light into two return light beams;

first detection means for detecting one of the return light
beams split by said second beam splitting means;

polarization selective optical means arranged on the light
path of the other return light beams split by said second beam
splitting means for splitting the other return light beam into
plural light beams having different polarized states; and

second detection means for detecting the plural light beams
split by said optical means.
2. The optical pickup device as claimed in claim 1 wherein
said first detection means and said second detection means are
arranged in the same plane.

3. The optical pickup device as claimed in claim 1 wherein said



b i o

For reading out- SI gnal s fromthe-recording medi um wi th the above- descrl

opti cal ~ pi ckup ght beamis radi afféldSlieletdinlee
23a, as shown i ,u @ﬂéﬂ light beamis i nC| rs r| sm
24a ‘of the corrp split by the | l ter

Iinto a transmtted Ilght beam and a ref 13&t ed l'ight beam e Te ected
light beamis reflected towards the first prism 24a and eX|ts the first
prism 24a towards the third photodetector 25c for detection thereby. The
third photredetrdedd opSes amm ttiorss ¢hei pohemeehst fpllidserthé ght hbeameftngm t he
i ght source 23a and controls the power of the laser light fromthe |ight
source 233 igddeleapornther deredeadl EERht bY®M urke ToTIFUS T ARFt highk ey
optical pickup device, the |aser |ight power can be set at all tines to an
opti mum | &/ 81°neeTERE JiBBt BEAR: t he light transmitted through the first

4. The optical pickup device as claimed in claim 1 wherein said

second detection means -include a three—-segment detector for
detecting the 0 order light beam, a detector for detecting the
+1 order light beam and a detector for detect;ng the —-one order
light beam.

5. The optical pickup device as claimed in claim 1 wherein the
first detection means comprises a three—segment detector.

6. The optical pickup device as claimed in claim 1 further
comprising second polarization selective optical means between
said light emission means and said first beam slitting means for
further splitting into plural 1light beams having different
polarization states.

7. The oﬁtical pickup device as claimed in claim 3 wherein said
first detection means include a three—-segment detector for
detecting the 0 order light beam, a detector for detecting the
+1 order light beam and a detector for detecting the —one order
light beam.

8. The optical pickup device as claimed in claim 1 further
comprising second polarization selective optical meaﬁs between
said second beam splitting means and said first detection means
for further splitting into plural light beams having different

polarization states.
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beam splitter 24e exits the second prism24b to fall on the [ens 27 a$ifs BEEN

shown ~n Fig.4 s ged thereby on thérhﬁse!ih&tmsme hage'@?a -
of the recordi ngﬁ “Hﬁ“i “[m ncident |ight on th rfa'C"“ZT"'"'
of the recording 'rre 1 um 3 re | ected by the recor ﬁﬂ la of the
recording medium 21 and returned as a re33rn light co als from
the recording medium 21. The return light follows the route which is a
reversal of that for the incident light and falls on the second prism

24b of t1¥e cofffleundt peadnp Pdkugieviieeuan ¢laghted noi déaimoh wheeresaceaddpri sm
24b is reflected by the first beamsplitter 24e in a direction towards the
second bé&mgﬁﬂqqqqgtlggfmqg@ssw@wmrpﬁes a first three—segment detector

for detecting the +one order light beam and a second three-
segment detector for detecting the —one order light beam.
16. An optical pickup device for reading out a signal from a
recording medium by radiating a light beam to a recording medium
and by detecting a return light reflected from the recording
medium, comprising: . “

light emitting means; i

first beam splitting means arranged on the light path of an
incident light radiated by said light emission means and incident
on the recording medium for taking out a return light from the
light path of the incident light;

first optical means provided between said first beam
splitting means and said light em;tting portion for splitting the
return light beam into- plural 1light beams having different
polarized states;

first detection means provided adjacent to said 1light
emitting portion for detecting the plural light beams having
different polarized states;

second beam splittiné means arranged on the light path of
the return light split by said first light splitting means for
guiding the return light beam to second detection means ; and

first optical means provided between said second detection

means and said second beam splitting portion for splitting the
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separated by the second beamsplitter 24f into a ret .
transmtted thr Unﬂuﬂﬁm Mam splitter 24f and l beam LA
refl'ected byth tter 24f The first

and/ or the second beam spf‘ltfer* 24f desBdably has an enhancerrent effect

If the first beamsplitter 24e and/or the second beamsplitter 24f has an
enhancenment effect, the return Ii reflected by these litters are
Subj ect edF $ bR Thd ’&ﬂfarﬂ?eﬁ%rﬁ“lé’fﬁ‘degthe"%% ita PIbseoniLEpbatrhe bovine

prohi bi t rioration of t r|er to noise (CN ratio of the signal
fromthe ‘?eég‘?fﬁ'ﬁ g‘?’(ﬂ*ﬁ c?’ ‘?slrrn l'i ght reflect ed fromthe second beam

splitter 24f I%%Li %Q% g L%Bg%;%@u%e BEE Wﬂhgs at N 1St from a

phot odet ect or tect e phot odet ect or segnents
A recording medium by radiating a llght beam to a recording medium

Fig.5. The returﬁ—llght - reflected by the first bea ﬁter 24e is

and by detecting a return light beam reflected from the recording
medium, comprising:

light emitting means;

first beam splitting means arranged on the light path of an
incident light radiated py said light emission means and incident
on the recording medium for taking out the return light beam from
the light path of the incident light;

' second beam splitting means arranged on the light path of
the returq light beam split by said first light splitting means
for splitting the return light beam into two return light beams;

first detection means comprised of a three—segment detector
ABC for detecting one of the return light beams split by said
second beam splitting means;

polarization selective optical means arranged on the light
path of the other return light beam split by said second beam
splitting means fop splitting the other return light beam into
a 0 order 1igh£ beam, a +one order light beam and a —one order
light beam having different polafized states;

second detection means comprised of a three—-segment detector
DEF, a detector G ana a detector H for detecting the O-order

light beam, +one order light beam and the —one—order light beam
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B and C thereof, as-shown in Frg 8. The return Irght-tB—traﬂ antEﬁ“ﬂﬁE@ugh
t he second beaguﬂi Itter 24f falls on the third prrsn124 a I

Qen'Ri ack?
within the pri f”l mﬁﬂllum prism?24c in a di Fé m e
second phot ode e pol arization sel’ect} d as
shown in Fig.5. The return Irght LB isy§ffracted by arlzatlon
selective grating 24d and split in this manner into the 0 order | i ght beam
LBO and one order |light beanms LBl1, LB2 having the directions of
pol ari zathaninget pefuk anitl o a0 itZeal G tart@dar, -Ireghectheany ; LBAd The O

order light LBO ,from the polarization selective grating 24d is detected
by the arithmetic means for executing arithmetic operations for
finding a focusing error signal FE = {(a+c)-b} — {(d+f)-e}, a

tracking error signal THE = a-c, a photo-magnetic signal MORF
(d+e+f) - (g+h) and an optical signal CDRF = (d+e+f) + (g+h),
where a, b, c, d, e, f, g and h denote light volumes detected b&
said detectors A, B, C, D, E, F, G and H, respectively.
12. The optical apparatus as elaimed in claim *{1 further
comp;ising: .
second optical means between said light‘emission means and
said first beam splitting means for further splitting into a 0-
order light beam, a +one order light beam and a —one order light
beam having different polarized states;
said first detection means having a three—-segment detector
for detecting the one return light beam split by said second beam
splitting means;
a three-segment detector ABC for detecting the O-order light
beam; a detector I for detecting the +one order light eeam;_and
a detector J for detecting the —one order light beam; said
arithmetic means executing arithmetic operations for finding the
tracking error TE = i—~j and a push-pull signal PP = a-c.
13 An optical apparatus for reading out a signal from a
recording medium by radiating a light beam to a recording medium
and by detecting a return light refleéted from the recording

medium, comprising:



phot odet ector_.segrrents D E and + of the second phot odetﬂec—t@Ld.em_cewZébw—-—‘

whil e the one order LB1, LB2 are detg& b hotodete@maﬁmEN
segnents G anﬂi“mﬂ tl \H phot odet ect or devi Repltwwnoﬁn .
Fig.8. Since t ion of the record| rrespoﬁds*

to the spllttlng dlrectlon of the returmelight by spiltter
24f, the arraying direction of the photodetector segrrents A B and C, the
phot odetector segnents D, E and F and the phot odet ect or segment H
corresponds. tbl hHI ?’é&f#bﬁgp’éﬁ*?ﬁ‘éﬁdl cular to the tracking direction T of

th di h Th t
ol ar | zat 1 on FEEFE oy eat ST S, mergn e e EREPd Rt Coh AR BROLoRE: 2Rt or
segnent S Pnc Eld—iAHg lF k%t '&Cdla’lee% bgtsiletl qt 'g\ﬁet Eﬂlg ?og'rﬁéaéﬁé Qﬂdoinc ident

pol ari zati on e returnlig hci'dént on the phot odet ect or segnents
A B and gy yﬁﬂlﬁ%éJFafHéwﬁaﬁlQESfQP taking out the return light beam from

the light path of the incident light;

second beam splitting means arranged on the light path of
the return light split by said first light splitting means for
splitting the return light beam into two refurn ilight beams;
polarization selective first optical means for splitting one of
the return light beams split by said first opt;cal means into a
O-order light beam, a +one order light beam and a -one-—order
light beam having different polarized states;

first detection means having a first three—-segment detector
ABC for detecting the +one order light beam split by said first
optical means and a second three—segment detector DEF for
detecting the —one order light beam split by said first optical
means;

polarization selective second optical means provided on the
light path of the other return light beam split by said second
beam splitting means for splitting the other return light beam
into a O0—order light beam, a +one order light beam and a -one-—
order light beam having different polarized states;

second detection means having detectors H, I and J for
detecting the O—order light beam, +one order light beam and the -

one order light beam as split by said second optical means; and
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pol ari zation HB1 and HB2 of the return light incident omThe photodeteé%ori
segnments G and oclined -45 relative to the direcli.0f.Meerf¥blasedzat i
HA of the ret ur{}"}i’@"&"’”ﬂ’l[j on the phot odet ect or ,(\S%ée as deed N
as al so shown in F: g 8"l mmnlight vol unes det ect ed 311 4 .

1l RN

phot odet'ect or 20 segnent's A through 8d H are denot gikbt to g,
respectively, the focusing error signal FE, specifying-the anount of -

Fecor di ng el iCOEe oo RePRSRIIRG of FBr &1 ool TR bRe, For HEE AR akBhint - of
oo 0 A 4 LI PG A a4
tracking_error signal THE = (a-c) + (d—-f), a photo-magnetic
signal MORF = g-(hfi) and an optical signal CDRF = g+(h+i), where
a, b, ¢, d, e, f, g and h denote light volumes detected by said

detectors A, B, C, D, E, F, G and H, respectively.

Y



met hod, the photo-magnetic signal MORF and the optical signal CDRF, that is._ .
an RF signal fromthe recordi ng nedium 21, nmay be obtained by the follow ng
equations (1-1), (1-2), (1-3) and (1- 4), respectively: FE {(a+c)-b} -

{(d+f)-e} ... (1-1) TE = a-c
... (1-2) MORF = (d+e+f) - (gth) ... (1-3) CDRF =
(d+e+f) + (g+h) ...38(1-4) It is noted that the pp-val ue

of an S- QPFNMECAIS FEUKUE MEVICE HAVING OBTIOAde ELEMENT, EXHIBITING f ocusi ng
error anPONRRIZED i TGHTE SRLIEGIIVIAY, LOADER: SHERFON BND RPTISALcal path

| engt h hARRARATUS HASHING TR QRIIIGAL HICKUP DRYICK: LOAPED zati on sel ecti ve
grating ZRERBON t he | ongitudi nal magnification of the lens 27. Wth the
above-descri bed optical pickup device, the light volunme, fromwhich the
phot o- magiedTRACGE gnal MORF and t he opti cal

An optical pickup device having polarization selective
cptical components on its light path.for splitting the incident
light into plural light beams having different polarized states
for generating a variety of error signals based upon the plural

split light beams, and an optical apparatus on which is mounted

the optical pickup device.

FIGURE 4



signal CDRF are derived, are detected by the five photodetector segnents D
through to H Thus, with the optical pickup device, the nunber of

phot odet ect or segnments is snall, thus giving an excellent signal/noise
(S/IN) ratio in detecting the RF signals 21 fromthe recordi ng nmedium 21
In the present enbodinent, the direction of diffraction by the polarization
selective grating 24d is the sane 3gg92 the splitting direction of the
return light by the second beam splitter 24f, while the return light LA
reflected by the second beamsplitter 24f and the O order |ight beam LBO as
well as the [err] one order |ight beans LB1 and LB2 transm tted through the
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second beamsplitter 24f and diffracted by the grating 24d are arrayed

si de-by-side. However, this is nerely illustrative and the direction of
diffraction by the polarization selective grating 24d may be a direction
per pendicular to the splitting direction of the return light by the second
beam splitter 24f, while the photodetector segnents G and H of the second
phot odet ect or 25b may be arrayed on bot¥d &% des of the phot odet ect or
segnents D, E and F. Second Enbodi nent The optical pickup device of the
present enbodi nent is based upon a three-spot nmethod for detecting the
tracking error by three laser |ight beans incident on a recordi ng nmedi um
and is configured simlarly to the optical pickup device of the first
enbodi ment except that it includes a grating for splitting the |aser |ight
beam froma |ight source before incidence thereghoon
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the recording mediuminto a 0 order |ight beam and one order |ight beans
the first photodetector for detecting

and a. photodetector segnent of
| i ght beans fromthe 2 2 above grating. That is, the
i ncludes a grating 24g

the one order
pi ckup devi ce of the present enbodi nent
S 2prismz4a on which falls the

opt f cal
nmounted on the bottom surface of the fi%dé
. and phot odet ector segnents |

| aser |ight beamfromthe |ight source
and J on both sides of the photodetector segnments A, B and C of the first
the return |ight

phot odet ect or device 25a, that 1is on the |ight path of
or the order ljght beamreflected

reflected by the grating 24q, //\\ \\?/\\
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by the grating 24g, as shown for exanple in Fig.9. The spot pattern on the
first .photodetector 25a and on the second photodetector 25b is such that,
inthe diffracted light diffracted by the grating 24g, the 0 order |ight
beanms LAOO, LBOO, LB10 and LB20 are incident on the segnents A, B and C of
t he phot odetector device 25a, segnentséaggiewm F of the second

phot odet ect or device 25b and on the se nts Gand Hand, in the diffracted
light diffracted by the grating 24g, the 1 order |ight beans LAO1, LAOZ2,
LBO1, LBO2, LB11l, LB12, LB21 and LB22 are incident on both sides of the 0O
order |ight beans LACO LBOO, LBIO and LB20, as shown in Fig.10. In
addition, in the return light reflected by the second beamsplitter 24f,
the one order |ight beanms LAO1 and LAO2 fromthe grating 24g are incident
on the photodetector segnents | and j of the first photodetector device
25b.




The optical pickup device of the second enbodinment is simlar to the first
enbodi nent with respect to the RF signals 23 and the focusing error
signals fromthe recordi ng nmedium 21. However, as for the tracking error
signal, the tracking error signal TE derived formthe three-spot nethod and
a push-pull signal PP derived from the push-pull method may be taken out
in the present second enbodi nent. That i8/12f the |ight vol unes detected by
t he photodetectors A, C, | and J are denote a, ¢, i and j, the tracking
error signal TE derived fromthe three spot method and the push-pull signa
derived fromthe push-pull nmethod nay be obtained by the foll ow ng
equations (2-1) and (2-2),

HB1 -~ LBt /
e

>> _ LBO
HBO <: .
L
.

\

\

{
B2
HBZ2 /

-~

FIG.7




respectively: TE =i -]
a-c o

optical pickup device of the present

(2-1) PP =

....(2-2) Third Enbodi ment The

enbodi nent

is configured for

splifting the return light fromthe recordi ng nedi um and detecting the
split portions of the return light fromthe recording nmedium The optical

pi ckup device of the present enbodinent $413inilar to the optical pickup
device of the first enbodi ment except that the photodetector pattern of the
| i ght receiving portion of the conpound element is nodified as a result of

such splitting of the return t is, the optical
pi ckup device of the present |enbodi nent has a grating}24h nounted on the
bottom surface of the second{prfi sm 24b of yQa conpdundl prism 24 on the

i ght path of the
A
NG
- C
Y
441250
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return light reflected by the second beamsplitter 24f, as shown 24 in
Fig.11., The conpound el enment 26 has a first photodetector device 25a and a
second phot odet ector device 24b, as shown in Fig.12. The first

phot‘odet ect or 25a has two phot odetectors ABC and DEF on the |ight paths of
the one order |ight beans LA, LA2 froglbgf grating 24h, while the second
phot odet ect or device 24b has a phot odet & segnents G on the light path
of the O order light beam LBO fromthe pol arization selective grating 24d
and phot odetector segnents Hand | on the light paths of the [err] one
order light beans LBl and LB2 fromthe pol arization selective grating 24d,
respectively. The phot odetectors ABC and DEF of the

24
24a
25¢
24e
e |
L -_N
23a - lzzm
; 24f
25a 7 i
é ~—24c
2 y
el
/) 24d
25b Y

FIG.9



first photodetector devi ce 25a are each t hr ee- segnent
phot odef ectors having the light receiving regions extending parallel to one
anot her, and are each conprised of three photodetector segnents A, B and C
and 't hree photodetector segnents D, E and F, respectively. The

phot odet ect or device 25a is so arranged that the |ight paths of the one
order |ight beans LA2 and LA2 fromthe glaftlizng 24h coincide with the
centers of the photodetectors B and E, respectively. Referring to Fig. 13,
showi ng the conpound elenent 26 in a direction of arrow Ain Fig.11 and in
a direction of arrow B4h-Fg—1l—thedireetion—eof—diifraetion by the
grating 24h, that is fhe direction in which the + one order {ight beam LAL,

0 order light beam LAD and/tA©f 1 ARO | i gt beAOPA2 from{he grating 24h
are arrayed, is set sp as toe the §an¥ asj the dijrection pf|diffraction by
n

the grating 24d, that|is ijo Wji gh |

AY i i
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L25a
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25 the + one order light beamLBl1, O order |ight beam LBO and the - 1 order
light beam LB2 fromthe grating 24d are arrayed, and these diffraction
directions are set so as to be perpendicular to the splitting direction of
the return light by the second beam splitter 24f. Thus the [ight

receiving portion 25 of the conpound 6|$2§?t 26 is arranged so that the
phot odet ect or segnents are in register w hese |ight beans, that is so
that the segnents A, B and ¢ and the segnents D, E and F are arrayed
transversely and the segnments H G and | of the second

phot odet ect or devi ce 25b are arrayed transversely in this order below the

first photodetector device 25a, as shown in Fig.12.
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Consequently, the spot pattern on the first photodetector device 25a and
t he secpnd phot odetector device 25b is such that, in the diffracted |ight
by the grating 24h, the one order |ight beans LAl, LA2 are incident on the
phot-odet ectors ABC and the photodetectors DEF of the first photodetector
device 25a, and that, in the diffracted light by the grating 24d, the O
order light beam LAO is incident on the éﬁdﬂ@detector segnent G of the
second phot odet ector devi ce 25b, whereas, in the diffracted |ight by the
grating 24d, the one order light beans LAl and LB2 are incident on the
phot odet ector segnents H and | of the second photodetector device 25b, as
shown in Fig.12.. If, wth the above-described optical pickup device, the
| i ght vol umes detected by the photodetector segnents A through to | are
denoted a through to i, respectively, the focusing error

25a
{

DEF

L/B ! LBO LB2

FIG.12



26 signal FE, tracking error signal TE derived fromthe push-pull nethod,
phot o- magnetic signal MORF and the optical signal CDRF, are obtained by the
foll Qwi ng equations (3-1), (3-2), (3-3) and (3-4), respectively: FE =

((a*c)-b) - {(d+f)-¢) ... (3-1) TE (a-c) + (d-f)
... (3-2) MORF = g-(h+i) .... (3-3) CDRF
= g+(h+i) 11/12 (3-4) In the optical pickup

device of the instant enbodiment, the |ight volunme, based on which the
phot o- magneti c signal MORF and the optical signal CDRF are produced, are
detected by the three photodetector segnents G Hand |I. Thus, with the
optical pickup

L Af 24
LA2 24
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devi ce, the nunber of photodetector segnents is small, thus giving an
excel l gnt signal/noise (S/N) ratio in detecting the RF signals fromthe
recotdi ng medium Fourth Enbodi ment Referring to Figure 15-17, the optical
pi ckup device of the present fourth enbodinent is provided with only one
beam splitter, and is configured sinila{%z o the optical pickup device of
the third enbodi nent except that the set prismis renoved fromthe
conmpound prismand the first prismis directly bonded to the third prism
while there is provided only one beam splitter, ,h6 The conpou prismof the

optical pickup device of the instant enbodi ‘;has a fi rism24a, a
third prism 24c bonded to tthe first S 4a via a palarization film a
grating P ——
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27 24h bonded to the first prism 24a and a pol ari zat

24d bonded to the third prism 24c, as shown in Fig. 1§. pEmaaQEsRENT SHEF D

N A

filmportion between the first prism24a and the thi
as a beamsplitter 24i for splitting the incident |

transmtted |ight portion and a reflecged Iight portiers FF=—only_one
splitter is used in this manner, the conpound el enent 24 may be conpac
si ze and hence the optical pickup device may be reduced in size. Wth
above- 8e§ErPbekd ht av§emente 61 eshedcofpemund hsr | SAF223ipgRe mestimm -ngThe

position%,of the first phaqtodetector 25a and the second pho}pdetegtor
of the°Pi Qﬁtalr e%%?%’?w‘g”%or‘t“icdh‘dﬁ O]l.xght emitting means, irst eam

splitting means arranged on the light path of an incident light
radiated by the 1light emission means and incident on the
recording medium for taking out the return light beam from the
light path of the incident light, second beam splitting means
arranged on the light path of the return light beam split by the
first light splitting means for splitting the-return light beam
into two return light beams,.first detection means comprised of
a three—segment detector ABC for detecting one of the .-return
light beams split by the second beam splitting means,
polarization selective optical means arranged on the.light path
of the other return liéht beam split by the second beam splitting
means for splitting the other return light beam into a O order
light beam, a +one order light beam and a —one order light beam
having different polarized states, second detection means
comprised of a three—-segment detector DEF, a detector G and_a
detector H for detecting the O—order light beam, +one order light
beam and the -—-one-order light beam having different polarized
states, respectively, and arithmetic means for executing
arithmetic operations for finding a focusing error signal FE =
{(a+c)—-b} —n{(d+f)~e}, a tracking error signal TE = a-c, a
photo-magnetic signal MORF = (d+e+f) -~ (gth) and an optical
signal CDRF = (d+e+f) + (g+h), where a, b, ¢, d, e, £, g and h

denote light volumes detected by said detectors A, B, C, D, E,

beam
t in
t he

25b

oritnasél
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t he conpound el enment 26 are al so changed. That is, the first photodetector
"device 25a is arranged in the vicinity of the light enifti pQLLLQn_Zﬁrﬂ
for detecting the diffracted |light fromthe grating 24}, Y NﬁéﬁEET .
second phot odetector device 25b is arranged so as to bHeEpc%ge%to t he ”
light emtting portion 23 than in the tRigrd enmbodi rrentnf ~ AL ekl NEad he i
diffracted light fromthe grating 24d. The conpound el iﬁﬁ-gbggﬁgﬂéﬁgﬂgngeu
so that the one order light beans LAl and LA2 fromthe grating 24 are

i nci denbofBelh®iph@l atddifd Of SgBGandr PEEnpf £lihe ftior hepdint 664 Odm
devi ce 25a, while the photodetectors ABC and DEF are arranged on both sides
of the RBhghtartid tpeDepbzéd onNi AR, a= lehawve g riaitg.nkb 24shavunged hen cangound

el enent 26 fromthe direction of arrow Cin Fig.15. The photodetector
segnent $hiird@ahsem| 2éce aThanfédsknliBhs pellerizing film operates as a

first beam splitter 24e for separating the incident light beam
into a transmitted light beam and a reflected light beam, while
the second light polarizing film operates as a second beam
splitter 24f for separating the incident light beam into a
transmitted light beam and a reflected light beam.

The first beam splitter 24e is arranged on the optical axis -
of the light incident from the light source 23a on the
recording medium 21 and separates the incident light into the
transmitted light beam and the reflected light beam while taking
out the return light beam at the optical axié of the incident
light beam. The second beam splitter 24f is arrayed on the
optical axis of the return light taken out by the first beam
splitter 24e for splitting the return light into a transmitted
light beam transmitted through the second beam splitter 24f and
a reflected light beam reflected by the second beam splitter. The

) direction of splitting of the return light by the second beam
- splitter 24f is pe:pendicular to the fracking direction of the
recording medium 21, by way 6f an example. The polarized light
selective grating 24d is arranged on the optical path of the
return light transmitted through the second beam splitter 24f so
that a 0 order light LBO will have a polarization direction HBO

inclined by +45 relative to the polarization direction HB of the
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allel to the phot odetectors ABC and DEF of the first

etector device 25a, so that the O order |ight begam ¢¢¥ﬁﬁ4#ﬂ?=:r
zation selective gratigg 24d is incident on the B@Hbﬁ$£%¥ﬁfsﬁﬁ§T
phot odet ect or device 25b and the one order |ight bea EB&

he pol ari zation sel ective grating724d are incid

of the second photodetector device 25b, as showr .
npound el ement 26 fromthe direction of arrow D in Fig.15. For

| pickup device, a | aser ht beamis radiated fromthe |ight
n‘g‘P e | YRt el a%yghwa% L

first grlrea fﬁ%(gué signals from the recording medium with the
above—described optical pickup device, a laser light beam is
radiated from the light source 23a, as shown in Fig.5. The laser
light beam is incident on the first prism 24a of the compound
prism 24 and gplit by the first beam splitter 24e into a
transmitted light beam and a reflected light beam. The reflected
light beam is reflected towards the first prism 24a and exits the
first prism 24a towards the third photodetector 25c¢ for detection
thereby. The third photodetector 25c monitors the power of the
laser light beam from the light source 23a aﬂd‘controls the power
of the laser light from the light source 23a based upon the
detected light volume. Thus, with the present optical pickup
device, the laser light power can be set at all times to an
optimum level.

On the other hand, the light transmitted through the first
beam splitter 24e exits the second prism 24b to fall on the lens
27 as shown in Fig.4 so as to be converged thereby on the
recording surface 2la of the recording médium 21. The'incident
light on the recording surface 21a of the recording medium 21 is
reflected by the recording surface 21a of the recording medium
21 and returned as a return light containing signals from the

recording medium 21.

The return light follows the route which is a reversal of

fawen..t. segnentg&H
T 1. L7, SHOW T

hg. everght shgerofi Yhe Beniees inci dent



~conpound prism 24 and split by the beamsplitter 24i into_a transmtted

| ight beamand a reflected |light beam The reflected lig ﬁggggbg%ngsﬁng
radiated fromthe first prism24a towards the third phot Eﬁge,@t@r\} me

reflected within the first prism24a as in the first enb
25c for detection thereby. The |ight mtransmtted thripugh LTig tbeam: " |

splitter 24i exits the third prism24c¢. Simlarly to the outgoing Tight
fromthe second prism 24b in the above-descri bed enbodi nent, the outgoing

light thath tde tHd rthPidéedt 24iGHS andcisdants on the seeohdi pgiswdi4und and
reflected by the recording surface 2l1a of the recording nmedium 21. The

refl ectee ¢tomghdund prisnuza.| i Dhe cettahnl hight hensideat sodf rome tdecomtor di ng
medi um 21. This return light is incident on the third prism 24c by
prism 24b is reflected by the first beam splitter 24e in a
direction towards the second beam splitter 24f, as shown in
Fig.5. The return light, reflected by the first beam splitter
24e, is separated by the second beam splitter 24f iﬁto a return
light beam LB transmitted through the second'beam splitter 24f
and a return light beam LA reflectéd by the second beam splitter
24f€.

The first beam splitter 24e and/or the second beam splitter
24f desirably has an enhancement effect. If the first beam
splitter 24e and/or the second beam splitter 24f has an
enhancement effect, the return light reflected by these beam
splitters are subjected to the enhancement effect, so that it
becomes possible to prohibit deterioration of the carrier to
noise (C/N) ratio of the signal from the recording medium.

The return light reflected from the second beam splitter 24f
is radiated from the second prism towards the first photodetector
device 25a so as to be detected by the photédetector segments A,
B and C thereof, as shown in Fig.8.

The return light LB transmitted through_thq second beam

splitter 24f falls on the third prism 24c and is reflected within
the prism 24c to exit the prism 24c¢ in & direction towards the
second photodetector 26b via the polarization selective grating

24d, as shown in Fig.5. The return light LB is diffracted by the



29 followi ng the route reversed fromthat of the incident L

| ight incident on the third prism?24c is split by t EF?g% gmﬂﬂﬁ$%§
into the return light transmtted through the beam t

er 24i
return light reflected by the beamsplitter 24i. Th returdZKidMgm gl

transmtted through the beamsplitter %@ exits the tﬁ Ld;ﬁﬁﬁsﬁfﬁﬁb In a
direction towards the first phot odetec devi ce 25a Vvia the grating 24j.
The return light is split into the O order |ight beamand [err] one order
light beamsn & and duidh tyrdLifE ra&id 0fa by d&Etong, 248spdéeivong, or der
| i ght beansnare detected by the photodetectors ABC and DEF of the first

phot odeheddusiasy JracesliignallYFE aSs 580y i Rig Ritge EmouHieofedef fichs ghi
reflected by the beamsplitter 24i is

of the incident light beam on the recording surface 2la of the

recording medium 21, the tracking error signal TE, specifying the
amount of detracking of the incident light on the recording
surface 21a of the recording medium 21 based upon the push-pull
method, the photo—magnetic signal MORF and the optical signal
CDRF, that is an RF signal from the recording medium 21, may be
obtained by the following equations (1-1), (1-2), (1-3) and (1-

4), respectively:

= {(a+c)-b} — {(d+f)-e} «.o..(1-1)
TE = a-c ce. o (1-2)
MORF = (d+e+f) -~ (g+h) ve..(1-3)
CDRF = (d+e+f) + (g+h) ce.{1-4)

It is noted that the pp-vdlue of an S—curve, specifying the
relation between the value of the focusing error and the focusing
error signal, is determined by the optical path length between
the second beam splitter 24f and the polarization selective
grating 24d and the longitudinal magnification of the lens 27.

With the above-described optical pickup device, the light
volume, from which the photo—-magnetic signal MORF and the optical
signal CDRF are derived, are detected by the five photodetector
segments D through to H. Thus, with the optical pickup device,
the number of photodetector segments is small, thus giving an

excellent signal/noise (S/N) ratio in detecting the RF signals



reflected wwthin the third prism24c, and exits the th:tt=pr+ i
"direction towards the second photodetector device 25 RERLACEMPMT SHEEAL || on
sel ective grating 24d, as shown in Fig.15. The returnm light is %ggg? ingo
the O order |ight beam LBO and + one order |ight bea D812 ahalllh av |
t he polarization direction perpendicul ggagto the 0 or i ar
diffraction by the polarization selective grating 24d, as shown in Fig.17.
The 0 order |ight beam LBO and the one order |ight beans LB1 and LB2 from
t he polaydweatd Qi g ective grating 24d are detected by the segnent G of the
second phot odet ector device 25b and by the segnents H and | of the second

phot odet ect amalevisGet Relopt BSPERiIURIY device of the present embodiment

includes a grating 24g mounted on the bottom surface of the first
prism 24a on which falls the laser light beam from the 1light
source 23a, and photodetector segments I and J on both sides of
the photodetector segments A, B and C of the first photodetector
device 25a, that is on the 1light path of ‘the return light
reflected by the grating 24g, or tﬁe * order light beam reflected
by the grating 24g, as shown for example in Fig.9.

The spot pattern on the first photodetector 25a and on the
second photodetector 25b is such that, in the diffracted light
diffracted by the grating 24g, the 0 order light beams LAdO,
LBOO, LB10 and LB20 are incident on the segments A, B and C of
the photodetector device 25a, segments D, E and F of the second
photodetector device 25b and on the segments G and H and, in the
diffracted light diffracted by the grating 24g, the * 1 order
light beams LAO1, LAO2, LBO1, LB0O2, LB11, LB12, LB21 and LB22 are
incident on both sides of the 0 order light beams LAOO, LBOO,
LB10 and LB20, as shown in Fig.10. 1In addition, in the return
light reflectéd by the second beam splitter 24f, the * one order
light beams LAOl and LAO2 from the grating 24g are incident on
the photodetector segments I and j of the first photodetector
device 25b.

The optical pickup device of the second embodiment is

similar to the first embodiment with respect to the RF signals



30 Wth the optical pickup device of the present enbodi nent, the focusi
“error signal FE, tracking error signal MORF and the offtcal. LgD ﬁgggg
be produced as in the third enbodi nment. 31 WHAT I S Cﬁﬁ?N@é&@gg% )

optical pickup device for reading out a signal froma reco.d'mmNﬁHﬂﬁugb
radiating a |light beamto the recording3nediun1and by g@?@ Ty dietuen.

light reflected fromthe recording nmedi"im conprising: TTght em ssion
nmeans; first beamsplitting nmeans arranged on the |ight path of an

and the focusing error signals from the recording medium 21.

However, as for the tracking error signal, the tracking error

signal TE derived form the three-spot method and a push-pull

signal PP derived from the push-pull method may be taken out

in the present second embodiment. That is, if the light volumes

detected by the photodetectors A, C, I and J are denote a, c, i

and j, the tracking error signal TE derived f;om the three spot
method and the push—pull signal derived from the push-pull method

may be obtained by the following equations (2-1) and (2-2),

respectively:

TE = i-j coe.(2-1)

PP = a-c ee. . (2-2)

Third Embodiment

The optical pickup device of the present embodimept is
configured for splitting the return light from the recording
medium and detecting the split portions of the return light from
the recording medium. The optical pickup device of the present
embodiment is similar to the optical pickup device of the first
embodiment except that the photodetector pattern of the light
receiving portion of the compound element is modified as a result
of such splitting of the return light by the grating.

That is, the optical pickup device of the present embodiment
has a grating 24h mounted on the bottom surface of the second

prism 24b of the compound prism 24 on the light path of the

return light reflected by the second beam splitter 24f, as shown



incident light radiated by said |light em ssion neans andrkﬂﬁiQﬁhniFggggﬁﬂx
‘recording nediumfor taking out a return |ight beam frgmgsacEl R%ﬁ?
the incident light; second beam splitting nmeans arranggd o [

of the return |ight beamsplit by said first beam spli

splitting the return light into two retyyn |ight beans,
nmeans for detecting one of the return |ight beans split by said second beam
splitting neans; polarization selective optical nmeans arranged on the |ight

path of; hﬁghﬁr r‘?h@“lolnhﬂhutndbe@f@m%ﬂg'és by, gaid fagan%q%%%@e%@ciJ&i ng

means for Itting the other return ht beaminto plura

havi ng dBJifcﬁi enba PRhAr iaZ & ol Gftio BUk SO del £6d i 9y rreaassheund%ect i ng
the plural light beans split by said optical neans. 2. he optical pickup
devi ce Bisg clai nethd f icdti pHo s teddtor 25a has two photodetectors ABC

and DEF on the light paths of the * one order light beams LA1l,
LAZ2 from the grating 24h, while the second photodetector device
24b has a photodetector segments G on the }ight path of the 0
order light beam LBO from the polarization selective grating 24d
and photodetector segments H and f on the light paths of the #+
one order light beams LBl and LB2 from the polarization selective
grating 244, respectively. The photodetectors ABC and DEF of the
first photodetector device 25a are each three—segment
photodetectors having the 1light receiving regions extending
parallel to one another, and are each. comprised of three
photodetector segments A, B and C and three photodetector
segments D, E and F, respectively. The photodetector device 25a
is so arranged that the light paths of the % one order light
beams LA2 and LA2 from the grating 24h coincide with the centers
of the photodetectors B and E, respectively.

Referring to Fig.13, showing the compound element 26 in a
direction of arrow A in Fig.11 and in & direction of arrow B in
Fig.11l, the direction of diffraction by the grating 24h, that is
the direction in which the + one ordef light beam LAl, 0 order
light beam LAO and the —1 order light beam tAZ from the grating
24h are arrayed, is set so as to be the same as the direction of

diffraction by the grating 24d, that is the direction in which



said first detection nmeans and said second detecti ong=fe g @ﬁgﬂﬁﬁ?ﬁﬁae in
t he sane pl ane. 3. The optical pickup device as clhﬁwe I'n clai

wherein said 32 pol arization selective optical ne

return light beaminto a 0 order |ight beam a tone rofe am and a

-one order |ight beam 4. The optical pickup devic S clainmed in claim1l
wherein said second detection neans include a three-segnent detector for

detecting the 0 order |ight beam a det&tor for detecting the +1 order
| i ght beam and a detector for detecting the -one order |ight beam

signal FE, tracking error signal TE derived from the push-pull
method, photo-magnetic signal MORF and the optical signal CDRF,

are obtained by the following equations (3-1), (3-2), (3-3) and
{3-4), respectively:

FE = {(a+c)-b} - {(d+f)—e) e...(3-1)
T€ = (a-c) + (d-f) .{(3-2)
MORF = g-(h+i) ... (3-3)
CDRF = g+(h+i) ..(3-4)
In the

optical pickup device of the instant embodiment, the
light volume, based on which the photo—magnetic signal MORF and
the optical signal CDRF are produced, are detected by the three
photodetector segmenté G, Hand I. Thus, with the optical pickup
device, the number of photodetector segments is small, thus

giving an excellent signal/noise (S/N) ratio in detecting the RF
signals from the recording medium.

Fourth Embodiment

Referring to Figure 15-17, the optical pickup device of the
present fourth embodiment is provided with only one beam
splitter, and is configured similarly to the optical pickup
device of the third embodiment except that the second prism
is removed from the compound prism and the first prism is
directly bonded to 4he third prism, while there is provided
only one beam splitter.
The compound prism of the optical pickup device of the

instant embodiment has a first prism 24a, a third prism 24c

bonded to the first prism 24a via a polarization film, a

grating



5. The optical pickup device as clained in claim1l
" detection neans conprises a three-segnent detector. 6.
device as clained in claim1 further conprising second]p
sel ective optical means between said |ight em ssion negn
beam splitting neans for further spli@7ing into pIura : 3 E
different polarization states. 7. The optical pickup device as cl ai med
claim3 wherein said first detection nmeans include a three-segnent detector
for detathivendée €ootHer flirght prdam 2aadanecCteorpdlaT idaitasin g ltehe ivlke or der
| i ght beam and a detector for detecting the -one order |ight beam 8. The
opticalgpitkup Uévikendedckei kb thickaipmibaf @riicherascatmvinsiing Rigrdrid

pol ari zation sel ective opt i cal neans between said second beam splitting
means ahie fft i figat i geifddin partdignsbetween the first prism 24a and the

third prism 24d operates as a beam splitter 24i for splitting the
incident light beam into a transmitted light portion "and a
reflected light portion. If only one beam splitter is used in
this manner, the compound element 24 may beucgmpact in size and
hence the optical pickup device mdy be reduced in size.

With the above—described arrangement of the compound prism
24, the mounting positions of the first photodetector 25a and the
second photodetector 25b of the 1iéht receiving portion 25 of
the compound element 26 are also changed. That is, the first
photodetector device 25a is arranged in the vicinity of the light
emitting portion 23, for detecting the diffracted light from the
grating 24h, while the second photodetector device 25b is
arranged so as to be closer to the light emitting portion 23 than
in the third embodiment for detecting the diffracted light from
the grating 244.

The compound element 26 is arranged so that the * one order
light beams LAl and LA2 from the grating 24j'are incident on the
photodetectors ABC and DEF of the first photodetector device 25a,
while the photodetectors ABC and DEF are arranged on both sides
of the light emitting portion 23, as shown in Fig.16, showing the
compound element 26 from the direction of arrow C in Fig.15. The

photodetector segments H, G and I are arranged in this order



for further splitting into plural |ight beans having di

""""---3 n
st at es. 33 9. The optical pickup device as clainmed p '
said first detection neans conprises a first three-segp X h étor for
detecting the tone order |ight beamand a second three ) t

for detecting the -one order |ight beanyq10. An optical pi C uptﬁ§7"““
reading out a signal froma recording nediumby radiating a |ight beamto a
recordi ng medi um and by detecting a return light reflected fromthe

recor di #g 1Mediwg t ROMPELEE NEvd I SBB YA ofBAAS; incident light. The
return light incident on the_third prism 24c is split by the beam
splitter 24i into the return light transmitted through the beam
splitter 24i and the return light reflected by the beam splitter

244,
The return light transmitted through the beam splitter 241
exits the third prism 24c in a direction towards the

first

photodetector device 25a via the grating 24j. The return light

is split into the 0 order light beam and * one order light beams

LAl and LA2, by diffraction by the gratihg 24h. The % one order

light beams are detected by the photodetectors ABC and DEF of the
first photodetector 25a, respectively, as shown in Fig.15.
The return light reflected by the beam splitter 24i is
reflected within the third prism 24c, and exits the third prism
24c in a direction towards the second photodetector device 250
via the polarization selective grating 24d, as shown in Fig.15.
The return light is split intoithe 0 order light beam LBO and *
one order light beams LB1 and LB2 having the polarization
direction perpendicular to the 0 order light beam LB0O by
diffraction by the polarization selective grating 244, as shown
in Fig.17. The 0 order light beam LBO and the + one order light
beams LB1 and LLB2 from the polarization selective grating 24d are

detected by the segment G of the second photodetector device 25b

and by the segments H and I of the second photodetector device

25b, respectively.



first beam spll .’ﬁ neans arranged on the light path of an incident |ight
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for taking out ;

first optical nmeans pr ‘ovidled b&tween said first bea | I t4ingijemg? ard
said light em ssion neans for spli tt:ﬂwg the retur n’lo tgnbeam1 o
plural |ight beans having different polarized states; first detection neans

provi dedWBAT ab®ELADMER BSti ght emi ssion neans for detecti ng the plural
| i ght beams having different polarized states; second beam splitting neans
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splitting neans gu iding the return Iight beamto second detection

means; %Ic?f‘?é?goﬂ’f’ 3P Ransapistiingd hel Webh $sed sk ohbeddiesandims

medium and by detecting a return light reflected from the
recording medium, comprising:

light emisgion means;

first beam splitting means arranged on the light path of an
incident light radiated'by said light emission.means and incident
on the recording medium for taking out a return light beam from
the light path of the incident light;

second beam splitting means arranged on the light path of
the return light beam split by said first beam splitting means
for splitting the return light into two return light beams;

first detection means for detecting one of the return light
beams split by said second beam splitting means;

polarization selective optical means arranged on the light
path of the other return light beams split by said second beam
splitting means for splitting the other return light beam into
plural light beams having different polarized states; and

second detection means for detecting the plural light beams
.split by said optical means.
2. The optical pickup device as claimed in claim 1 wherein

said first detection means and said second detection means are
arranged in the same plane.

3. The optical pickup device as claimed in claim 1 wherein said

pmendlt el

.
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means ‘and said second beam splitting portion for spl th
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| i ght beam gui o.into plural |ight beans havﬁﬁﬁLg¢?W§F§
- pol ari zed stat lj@h} ﬂ EI apparatus for readi sig

recordi ng nedi

ng out a
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by

detecting a return |ight bean1ref|ected fromthe recording nedi um

conprising: light emtting neans; first beamsplitting neans arranged on
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and i ncident on t e recor or t

I'ng out the return |ight

fromthelgabtoeahhi®fotd@® bQQbQETEghEQQEam a +one order light beam and

a —-one order light beam.

4.

The optical pickup device as claimed in claim 1 wherein said

second detection means include a three—-segment detector for

detecting the 0 order light beam, a detector for detecting the

+1 order light beam and a detector for detecting the ~one order

light beam.
5.

The optical pickup device as claimed in claim 1 wherein the

first detection means comprises a three—-segment detector.

6. The optical pickup device as claimed in claim 1 further

comprising second polarization selective optical means between

said light emission means and said first beam gplitting ' means for

further splitting into plural 1light beams having different

polarization states.

7.

The optical pickup device as claimed in claim 3 wherein said

first detection means include a three—segment detector for

detecting the 0 order light beam, a detector for detecting the

+1 order light beam and a detector for detecting the —one order

light beam.
- 8.

The optical pickup device as claimed in claim 1 further

comprising second polarization selective optical means between
said second beam splitting means and said first detection means

for further splitting into plural light beams having different

polarization states.
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segment detector for detecting the —one order light beam.
10. An optical pickup device for reading out a signal from a
.recording medium by rediating a light beam to a recording medium
;nd by detecting a return light reflected from the recording
medium, comprising: .

light .emissign . means;

first beam splitting means arranged on the light path of an
incident light radiated by said light emission means and incident
on the recording medium for taking out a return light from the
light path of the incident light;

first -optical means provided between said first beam
splitting means and said light _emission means . for splitting the
return light beam into plural light beams having different
polarized states;

~first detection means provided adjacent to said Llight

emission meansg for detecting the plural light beams having

different polariied states;
second beam splitting means arranged on the light path of
the return light split by said first Ueﬁﬁl-éplitting means for
guiding the return light beam to second detection means; and
first optical means provided between said second detection

means and said second beam splitting portion for splitting the



35 having different polarized states, respectively; n
for'executing arithnetic operations for finding a fo g?%BAégﬁﬁf&%§§%§I1FE
= {(a+c)-b} - H El““mwm king error signal THE |F a-c2 -
phot o- magnet i +e+f) £g+h) and an §’Ebr“§rﬁﬁﬁr"rhpt':
(d+e+f) + (g+h)’ ere 4 b, d, ? g and h denote [ight vol unes
detected by said detectors A B, C D, E, F, Gand H, respectively. 12. The
optical .gppahaj benePoeha fabl €harBtdlihtb! BEL-LPMPIERL MHeamecRli gpt! Cal
means between sal m ssion nmeans and sal I rst beam splitting means

for furaggfesghtt?bmgrhagg atQre@rder light beam a tone order |ight beam
and a -one order [ight

11. An optical apparatus for reading out a signal from a

S

recording medium by radiating a light beam to a recording medium
and by detecting a return light beam reflected from the recording
medium, comprising:

light emitting means;

first beam splitting me#ns arranged on the light path of an
‘incident light radiated by said light emission means and incident
on the recording medium for taking out the return light beam from
the light path of the incident light;

second beam splitting means arranged on the light path of
the returq light beam split by said first light splitting means
for splitting the return light beam into two return light beams;

first detection means comprised of a three—segment dgtector
ABC for detecting one of the return light beams split by said
second beam splitting means;

polarization selective optical means arranged on the light
path of the other return light beam split by said second beam
splitting means fof splitting the other return light beam into
a 0 order light beam, & +one order light beam and a -one order
light beam having different polarized states;

second deﬁection.means comprised of a three—segment detector
DEF, a detector G and a detector H for detecting the-O—order

light beam, +one order light beam and the —one—order light beam



beam having different polarized states; said first d N R ARS—{3arH-{
t hree- segnent for detectlng the one return ||| gL ReanmesplaH=ey |
sai d second dmmgm ns a three-segnent detjector 9B JUN i
detecting the *0-oer an1 a detector | for d gﬁglng he.. tone"o
| i ght beamy and a detector J for detedbing the -one @#ﬁ-@@@m;-sa

arithnetic neans executing arithnetic operations for finding the trackin
error TE = i-j and a push-pull signal PP = a-c. 13. An optical apparatus

TS
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f or reaBFHQ“éuf‘lifﬂ‘Qﬁél rPlamigefeddrdiesy nﬁ&ﬁ@m‘:ﬁy"ﬁééﬁ'aﬁﬂﬁg a light beam

to a recordi n? m gm and arl% dtegrgcgkgguglaet ur nthm%tlcr eJ Ieercételdorfsr ogn t he
recordi ng me8fdm* €SS &G g ari P
finding a focusing error signal FE = {(a+c)-b} - {(d+f)—e}, a
tracking error signal THE = a-c, a photo-magnetic signal MORF =

(d+e+f) — (g+h) and an optical signal CDRF = (d+e+f) + (g+h),
where a, b, ¢, d, e, £, g and h denote light volumes detected by
said detectors A, B, C, D, E, F, G and H, respectively.
12. The optical apparatus as élaimed in claim 11 further
comprising:

second optical means between said light emission means and
said first beam splitting means for further splitting into a 0-
order light beam, a +one order light beam and a —one order light
beam having different polarized states;

said first detection means having a three-segment detgctor
for detecting the one return light beam split by said second beam
splitting means;
a three-—-segment detector ABC for detecting the O-order light
beam; a detector I for detecting the +one order light Beam; and

a detector J for detecting the -one order light beam; said
arithmetic means executing arithmetic operations for finding the
"tracking error TE = i-j and a push-pull signal PP = a-c.
13, An optical apparatus for reading out a signal from a
recording medium by radiating a light beam to a recording medium

and by detecting a return light reflected from the recording

medium, comprising:



36 light enitting means; first beamsplitting means ar !
path of an incident Ilght radi ated by said light em ss anﬁm%MHM&NREHEET
i nci dent on thﬁ“‘“ﬁt&lﬁ“ﬁlﬂﬂﬂl m for taking out the refurn ly {U@g m
the Iight path i ght; second beam spl i {j a4 Q anged
on the light path f thé réturn | i ght %ﬁﬂ It by said fiFst= SpFEEFAY!
means for splitting the return light beaminto two return Iight beans;

pol ari zatiom g €$@c;hy@tlggrﬁga99tlcal means for splitting one of the return
| i ght beans sp by said first optical means into a O-order |ight beam a

tone order |fghét hegdm asish ot t O wley aldr@iizelleam Ravi nggHt fgLtieit an
pol ari zed states; first detection neans having a first three-segnent

det ect ofncident light radiated by said light emission means and incident

on the recording medium for taking out the return light beam from
the light path of the incident light,;

second beam splitting means arranged on the light path of
the return light split by said first light splitting means for
splitting the return light beam into two refurn light beams;
polarization selective first optical means for splitting one of
the return light beams split by said first opt;cal means into a
O-order light beam, a +one order light beam and a -one—order
light beam having different polarized states;

first detection means having a first three—-segment detector
ABC for detecting the +one order light beam split by said first
optical means and a -second three-segment detector DEF for
detecting the —one order light beam split by said first optical
means;

polarization selective second optical means provided on the
light path of the other return light beam split by said second
beam splitting means for splitting the other'rethrn light beam
‘into a O-order light beam, a +one order light beam and a —one-
order light beam having different polarized states;

second detection means having detectors H, I an@ J for

detecting the O~order light beam, +one order light beam and the -

one order light beam as split by said second optical means; and



ABC for detecti ng the +one or der light beamsplit by s: 'QEﬁU(EéMEig
means and a s nt detector DEF for detegti ng t

| ight beam s Wﬂgmg!ﬂ optical neans; polariza |@ﬂe

opti cal neans e light p .;1 of the ot her :

split by said second beam spllttlng rreans for splitting the other re ]
light beaminto a O-order |ight beam a +one order |ight beam and a -one-
order |ight drgamreaidignekidd erent ep@cutiiagd axtiadiffet isecoper et @ | arneans
havi ng detectors H, | and J for detecting the 0O-order |ight beam tone

order Ifiightirneam fowus beg - eoneroisdgnalli it hefifaes)gpl i+ bydsé)desecand

optical neans; and
tracking error signal THE = (a-c) + {(d-f), a photo-magnetic

signal MORF = g—~(h+i) and an optical signal CDRF = g+(h+i), where
a, b, ¢, d, e, f, g and h denote light volumes detected by said

detectors A, B, C, D, E, F, G and H, respectively.
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foctsing error signal FE = {(a+c)-b} - {(d+f)-e}, a tra king_e ’
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detected by said detectors A B, C D 4E F, G and H,

ght volunes
respectlvely

there is also known such an optical pickup device employing e.g.,
a Wollaston polarizing prism. This optical pickup device
similarly suffers from an increased number of component parts and

an increased optical path length.

In O plus E, March issue, 1991, an optical pickup device

that can be constituted with a smaller number of component parts

and a shorter optical path length has been prbposed by NIPPON

ELECTRIC COMPANY LTD. In this optical pickup device, the return

light is separated using a polarizable hologram optical element
and the separated return light is detected by an eight—segment
photodetector device. However, this optical pickup device suffers
from a drawback that, since the photodetector employed for
producing RF signals from the recording medium is divided into
eight portions, the signal/nose ratio (S/N ratio) in detecting
the RF signals from the recording medium is lowered. - In
addition, this optical pickup device is difficult to reduce in
size because the laser light source or the photodetectors are
independent units without being integrated together.
S RY OF THE INVENTION
It is therefore an object of the present invention to
“provide an optical pickup device which is made up of a smaller
number of component parts with a shorter optical path length of
the optical system and superior in the S/N ratio in deteqting the
RF signals from the recording medium, and in which respective

component parts can be integrated together.



