OPTI-CAL DEWCE BACKGROUND OF THE | NVENTI O\I 1. Field of the I nven@rﬁ%
The present invention relates to P gv%c_e. 2. Descripti Cﬁﬁé‘
Prior Art First of all, the con i guTrat'i a?nd operation of a

conventional optical device are explained with refi E mt he Figs. 13 to
16. Fig. 13 is a drawi ng show ng the opticé&l s@@
conventional optical device. As shown in Fig. 13, a diffraction gratl ng 2

for producing three |ight beans, I@IAEPD'EVPC nt 3 serving as a
defl ecti on nenber, a collinmator lee(%jsgqb serving asE;Ef ocussi ng nenber, and

an objective lens 5 serving as a focussing nenber are arranged in that
order on the BACK&GROKND OF THE DNVENEIONNM tted from a sem conduct or

| aser el enent 1;F§eqa\6lf@ﬂe fﬁveqxtldnght -emtting el enment.
The present invention relates to an optical device.

2. Description of the Prior Art

First of all, the configuration and operation of a convenfional optical
device are explained with reference to the Figs. 13 to 16.

Fig. 18 is a drawing showing the optical system of a conventional
optical device. As shown in Fig. 18, a diffraction grating 2 for producing
three light beams, a holographic element 3 serving as a deflection member, a
collimator lens 4 serving as a focussing member, and an objective lens 5
serving as a focussing member are arranged in that order on the optical axis
of a light beam emitted from a semiconductor laser element 1 serving as a
light-emitting element.

An information recording medium 6 is arranged in the focussing
plane of the objective lens 5. Photodetector groups 7 with a plurality of
photodetectors for receiving light that has been deflected by the holographic
element 3 are arranged on both sides of the semiconductor laser element 1.

) As shown in Fig. 14, a parallel grating with constant pitch extending
in the X-axis is formed on the diffraction grating 2. Moreover, a diffraction
grating (not shown in the drawing) functioning as a lens is formed on the
holographic element 3.

The following is an explanation of the propagation of light emitted
from the semiconductor laser element 1. As shown in Fig. 13, when passing
the diffracting grating 2, the light emitted from the semiconductor laser
element 1 is diffracted by the diffraction grating 2 in the direction of the Y-
axis, and split into three light bundles, namely a +1-order diffraction beam, a
—1-order diffraction beam and a zero-order diffraction beam. It should be
noted that, since the +1-order diffraction beam and the —1-order diffraction
beam are diffracted in the Y-axis direction, that is in directions
perpendicular to the plane of Fig. 13, they cannot be portrayed in distinction
to the zero-order diffraction beam in this drawing. The zero-order
diffraction beam is also referred to as the main beam, and is used to obtain
the signal recorded on the information recording medium 6 and the focus
error signal regarding the focus error between the optical device and the



An information recording medium6 is arranged in the focussing plane of the
obj ective lens 5. Photodetector groups 7 with a plurality of photodetectors
for receiving light that has been defl ected by the hol ographic el ement 3
are arranged on both sides of the sem conductor |aser elenent 1. As
shown in Fig. 14, a parallel grating with constant pitch extending in the
X-axis is fornmed on the diffraction grating 2. Mreover, a diffraction
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focus error bgiaseeder hdheligitdeadsyireadiated (agein) onto the holographic element
3 are deflected in the X-axis direction, and enter the photodetector groups 7.
The photodetector groups 7 receive the main beam and the sub-beams, and a
calculating element (not shown in the drawings), which is connected to the
photodetector group 7, calculates the signal recorded in the information
recording medium 6, the focus error signal, and the tracking error signal.

The zero-order diffraction light in the region 11 of Fig. 14 enters the
collimator lens 4, the -+1-order diffraction light in the region 12 enters the
collimator lens 4, and the —1-order diffraction light in the region 13 enters
the collimator lens 4. .

- In this conventional optical device, the diffraction efficiency can be
set to an appropriate value by adjusting the diffraction grating depth of the
diffraction grating 2. Here, “diffraction grating depth” means the extent of
the spatial modulation of the diffraction grating, and for a refractive index-
type diffraction grating for example, it means the size of the spatial

modulation of the refractive index.

Fig. 15 illustrates the diffraction efficiency of zero-order diffraction
light as a function of the grating depth of the diffraction element 2 (line X)
and the diffraction efficiency of *1-order diffraction light as a function of
the grating depth of the diffraction element 2 (line Y). As becomes clear
from Fig. 15, an increase of the diffraction efficiency of = 1-order diffraction
light leads to a decrease of the diffraction efficiency of zero-order diffraction
light. This is a direct consequence of the law of the energy conservation.

Consequently, it was not possible to increase the light amount for the
main beam and the sub-beams and to enhance the S/N ratio for both.

Moreover, conventional optical devices have the drawback that a tilt
in the track direction of the information recording medium 6 causes an offset



i nformati on recording medium6. The 1-order diffraction beans are referred
to as sub-beans, and are used to obtain the tracking error signal. After
passing the hol ographic elenent 3, these three light bundles are irradiated
onto the collimtor lens 4. The collimator Iens 4 collimtes the |ight
beans into parallel light, and the objective Iens 5 focuses the collimated
light onto the information recording nediumé6, where it is reflected back
towards the ofijrethd venckempsefror signal obthivedd by NHfferdiitiall @idA6E6H RYmt Bk
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16B are the same as the respective orientations of the X-axis, the Y-axis and
the Z-axis in Fig. 13. To keep the drawing simple, the semiconductor laser
element 1, the diffraction grating 2, and the information recording medium 6
are the only structural elements shown in this drawing. The recording face
of the information recording medium 6 is tilted with respect to the horizontal
plane (indicated by a dashed line) by an angle § around the X-axis. In Fig.
16, points A and B denote points of the laser light irradiated onto the
information recording medium 6, point C denotes the point of emission of the
laser light, and point D denotes a point of light returning from the
information recording medium 6 on the end face of the semiconductor laser 1.

As 1s shown in Fig. 164, the light that is emitted from point C of the
semiconductor laser element 1 is reflected at point B on the information
recording medium 6, diffracted at the diffraction grating 2, and returns to
point D at the end face of the semiconductor laser element 1. There, the
light is reflected, passes the diffraction grating 2 again, and reaches point A
at the information recording medium 6 (resulting in the light path 1: C & B
2> D 2> A). Reflected several times in this manner, the light may reach a
photodetector group 7 (not shown in this drawing). As a result, a phase
difference results, caused by the difference of the light path length of the
light beam reaching the photodetector group 7 following the original path,
and the two light beams may interfere with each other.

- As is shown in Fig. 16B, the light emitted from the emission point C
of the semiconductor laser element 1 is reflected at point A on the
information recording medium 6, passes the diffraction grating 2, and
returns to point D at the end face of the semiconductor laser element 1.
There, the light is reflected, passes the diffraction grating 2 again, and
reaches point A at the information recording medium 6 (resulting in the light
path 2. C > A > D > A). Also in this case, the light, which has been

-reflected several times in this manner, may reach the photodetector group 7
- (not shown in this drawing). As a result, a phase difference results, caused



recordi ng medium 6, the focus error signal, and the tracking error signal
The zero-order diffraction light in the region 11 of Fig. 14 enters the
collimator lens 4, the +1-order diffraction light in the region 12 enters
the collimator lens 4, and the -1-order diffraction light in the region 13
enters the collimator |ens 4. In this conventional optical device,
the diffraction efficiency can be set to an appropriate val ue by adjusting
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide an optical element,
wherein the light amount of both the main beam and the sub-beams can be
increased without increasing the light emission of the semiconductor laser
element 1, and the S/N ratio of the main beam and the sub-beams can be
enhanced.

It is another object of the present invention to provide an optical
device, wherein an offset of the tracking error signal is reduced by
suppressing multiple reflections between the information recording medium
and the optical components used for the optical device, and the S/N ratio of
the reproduction signal or the tracking error signal is increased by
suppressing interference between the nfain beam and sub-beams.

An optical device in accordance with the present invention comprlses

a light-emitting element;

a diffraction grating for splitting light emitted from said light-
emitting element into a plurality of beams, the diffraction grating
comprising a first grating region and a second grating region with a
diffraction efficiency that is different from a diffraction efficiency of the first
grating region; and

a focussing member for focussing light that has passed through the
diffraction grating.

In the diffraction grating in the optical device of the present
invention, the diffraction efficiency of the first grating region for
transmitting the main beam is independent from the diffraction efficiency of

This Sheet Has Been Replaced THIS SHEET HAS BEEN

~



2 for the tracking error signal obtained by differential
cal culation fromthe sub- beam spots on the information recordi ng nedi um
6. Such an of fset nmay be caused by nultiple reflections between the end

face of the sem conductor | aser elenment 1, the diffraction grating 2, the
hol ographi c el ement 3, and the I nformati on recordi ng nedi um 6.
This nmechanismis explained referring to the exanple shown in Fig. 16.
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respect to t h&iffeactiogight of the first grating regionfor transmitting the main beam is
lower than the diffraction efficiency of +1-order diffraction light of the second
grating region for transmitting the sub-beams, the diffraction grating in the
optical device of the present invention can suppress multiple reflections
between the information recording medium and the optical components used
in the optical device. As a result, the offset of the tracking error signal is
reduced. Moreover, interference between the main beam and the sub-
beams can be suppressed. The synergy of this effect and the above-noted
effect of increasing the light utilization efficiency enhances the S/N ratio of

the reproduction signal and the tracking error signal even more.

BRIEF DESCRIPTION'OF THE DRAWINGS

Figs. 1A and 1B show the diffraction gratings of optical devices in
accordance with a first embodiment of the present invention.

Fig. 2A is a top view of another example of a diffraction grating of an
optical device in accordance with the first embodiment of the present
invention. Figs. 2B — D are cross-sections taken along I — I in Fig. 2A
viewed in the arrow direction.

Figs. 3A and 3B show other examples of the diffraction gratings of
optical devices in accordance with the first embodiment of the. present
invention.

Fig. 4 shows an optical device in accordance with the first
embodiment of the present invention.

Fig. 5 shows an optical device in accordance with the first
embodiment of the present invention.

_ Fig. 6 shows an optical device in accordance with the first
embodiment of the present invention.

Fig. 7 shows an optical device in accordance with the first
embodiment of the present invention.

Fig. 8 shows an optical device in accordance with the first
embodiment of the present invention.

Fig. 9 shows an optical-device in accordance with the first
embodiment of the present invention.



pl ane (indicated by a dashed |line) by an angle 6 around the X-axis. In Fig.
16, points A and B denote points of the laser light irradiated onto the
i nformati on recordi ng nedium 6, point C denotes the point of em ssion of

t he | aser light, and point D denotes a point of light returning fromthe
i nformati on recording medium 6 on the end face of the sem conductor | aser
1 As is shown in Fig. 16A the light that is emtted frompoint C
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recording medium and the optical device.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The following is a description of the preferred embodiments of the
present invention, with reference to Figs. 1 te 12.

ir mbodiment

"The following explains an optical device in a first embodiment of the
present invention.

The configuration of the optical device in the first embodiment of the
present invention is basically the same as that of the conventional optical
device illustrated in Fig. 13, but the structure of the diffraction grating 2 in
the first embodiment of the present invention differs from the conventional
one in the following aspects.

Fig. 1A is a top view of the diffraction grating 2 of the optical device
in the first embodiment of the present invention. The orientations of the X-
axié, the Y-axis and the Z-axis in Fig. 1 are the same as the respective
orientations of the X-axis, the Y-axis and the Z-axis in Fig. 13. In Fig. 1A,
the diffraction grating 2 has a stripe-shaped first grating region 8 parallel to
the X-axis, and second grating regions 9 formed on both sides of the first
grating region 8. The diffraction efficiency of the first grating region 8 is
different from that of the second grating regions 9. The grating in the first
grating region 8 and the grating in the second grating region 9 are formed
parallel to the stripe-shaped first grating region 8, that is, parallel to the X-



-reflected several tines in this manner, may reach the photodetector group
7 (not shown in this drawing). As a result, a phase difference results,
caused 3 by the
difference of the light path length of the |ight beamreaching the

phot odet ector group 7 following the original path, and the two |ight beans
may interfere with each_ ot her. L The degree of this interference
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the collimator lens 4.

The grating element 2 is arranged so that the optical axis of the laser
light emitted from the semiconductor laser element 1 in Fig. 13 passes
through a center portion of the first grating region 8, so that the zero-order
diffraction light passing through the first grating region 8 is used as the
main beam, and the *1-order diffraction light passing through the second
grating regions 9 is used as the sub-beams. Thus, the diffraction grating 2
of the optical device in the first embodiment is divided into a first grating
region 8 for generating a main beam and second grating regions 9 for
generating sub-beams, so that by individually adjusting the grating depth in
these different regions, the diffraction efficiency for the zero-order diffraction
light and the *1-order diffraction light can be set individually. Therefore,
the diffraction efficiency of the zero-order diffraction light in the first grating
region 8 can be raised without influencing the intensity of the *1-order
diffraction light generated in the second grating regions 9, and conversely,
the diffraction efficiency of the = l-order diffraction light in the second
grating region 9 can be raised without influencing the intensity of the zero-
order diffraction light generated in the first grating regions 8.

For this reason, with the optical device in the first embodiment, in
order to increase the intensity of the zero-order diffraction light generated in
the first grating region 8, and to increase the intensity of the = 1-order
diffraction light generated in the second grating regions 9, the diffraction
efficiency of the zero-order light in the first grating region 8 is set to be larger
than the diffraction efficiency of the zero-order diffraction light in the second
grating regions 9. Thus, the light utilization efficiency can be increased.
Moreover, the light amount of both the main beam and the sub-beams can be
increased and their S/N-ratio can be raised, without increasing the emission
intensity of the semiconductor laser element 1 itself. This means that the
+1-order diffraction efficiency is decreased, because the zero-order diffraction
efficiency of the first grating region 8 is increased. Consequently,
influences due to multiple reflections along light path 1 (C2B->D->A) in Fig.
16A and light path 2 (C>A->D->A) in Fig. 16B are suppressed, so that




the SINratio of the reproduction signal but also the SINratio of the

t racki ng error signal decreases. SUMMARY OF THE | NVENTI ON 15

It is an object of the present invention to provide an optical elenent,
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The depth of the diffraction grating in the first grating region 8 can
be different from the depth of the diffraction grating in the second grating
region 9. For example, if the depth of the diffraction grating in the first
grating region 8 is made smaller than the depth of the diffraction grating in
the second grating region 9 as shown in Fig. 2B, then the diffraction
efficiency of the zero-order diffraction light in the first grating region 8 is set
to be larger than the diffraction efficiency of the zero-order diffraction light
in the second grating region 9.

Moreover, a stepwise variation of the depth of the diffraction grating
with a constant period in the first grating region 8 or the second grating
region 9 is also possible. For example, if the depth of the diffraction
gratings in the first grating region 8 varies stepwise, and the depth of the
diffraction grating in the first grating region 8 is made smaller than the
depth of the diffraction grating in the second grating region 9 as shown in
Fig. 2C, then the diffraction efficiency of the zero-order diffraction light in
the first grating region 8 is set to be larger than the diffraction efficiency of
the zero-order diffraction light in the second grating region 9, which
improves the light utilization efficiency. Furthermore, with a step-wise
approximated blaze-shape, the occurrence of —1-order diffraction light can be
suppressed. That is to say, the zero-order diffraction efficiency of the
grating region 8 is enhanced even further, which not only increases the light
utilization efficiency, but also improves the S/N ratio of the reproduction
signal and the tracking error signal, because interferences between the main
beam and the sub-beams are suppressed.

Moreover, if the diffraction grating in the first grating region 8 is a



diffraction grating; 35 wherein the first grating region is

stri pe-shaped; and the grating in the first grating region and
the grating in the second grating region are parallel to the first
grating region. In the diffraction grating in the optica
device of the present i nvention, the diffraction efficiency of the
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light of the 1§eegg18rr1] also can be different from the diffraction grating pattern of the
second grating region 9. For example, if the diffraction grating in the first
grating region 8 is curved as shown in Fig. 3A, then the light of the main
beam returning from the information recording medium 6 can be focussed
and diffracted to be guided towards a light-receiving element, and the
reproduction signal can be detected. Moreover, the first grating region 8
also can be composed of a plurality of regions with diffraction gratings
having different grating directions as shown in Fig. 3B.

It is also possible to make the first grating region 8 stripe-shaped,
and tilt the direction of the diffraction grating of the second grating region 9
by a predetermined angle against the direction of the diffraction pitch of the
first grating region 8. By doing so, the diffraction efficiency of the zero-
order diffraction light in the first grating region 8 can be set to be larger than
the diffraction efficiency of the zero-order diffraction light in the second
grating region 9, and if, for example, a tracking error signal is detected with
the three-beam method, then it becomes easy to realize an arrangement
wherein the focus spots of the main beam and the sub-beams are separated
by a distance of only 1/4 the track pitch on the information recording medium
6.

This embodiment has been explained for the case that the region 12
and the region 13 overlap with the first grating region 8, as shown in Fig. 1A.
However, if the optical system is designed so that the region 12 and the
region 13 are formed completely inside the second grating regions 9, as
shown in Fig. 1B, then the entire sub-beams pass through the second grating
regions 9. Consequently, the intensity of the sub-beams is completely
independent of the diffraction efficiency of the first grating region 8, so that
the diffraction efficiency of the first grating region 8 can be set freely,
without giving consideration to the intensity of the sub-beams.

Moreover, if the width of the first grating region 8 in the Y-axis
direction is at least 2d tan(sin’(NA)), wherein d is the distance from the
emission plane of the semiconductor laser element 1 to the diffraction
grating 2, and NA is the numerical aperture of the collimator lens 4, then



grating region for transmtting the sub-beans, the diffraction grating in
the optical device of the present invention can suppress nultiple
reflections between the information recording nedium and the optical
conponents used in the optical device. As a result, the offset of the
tracking error signal is reduced. Moreover, interference between the nmain
beam and the sub- beans can be suppressed. The synergy of this effect and
t he above- not edletheceerodrdendiffmstion light pasgig thirolglz she dimstegfatinge rapion

enhances the | 0410f repro ' ' L - . cki error
signal even ng%go%lﬁ% Blt?gggle?#]l O@b&%égﬁ@%ﬁ%@&ﬁﬂﬁof &% gisaaglb&a d 1B
show t he di f f bgeemes cgmpletalysinsepepdentapf the diffeactian affigienay of thetsecond i r st
enbodi ment  of grhginpiregivAto, isb ¥RAE tHediffraction efficibnc? Af tie firdtQRa¥ingWepfon 8

&

W Uh Che 1 SCaBHs AP EREoO TRt LB oo HrER P fo e getenaly obty gub -

cross-secti ondeamisen along | - | in Fig. 2A viewed in the arrow direction.
Figs. 3A and 3B showppd @Eho 163 Bent mhaamﬂeoaasmgmg@cgi d&ﬂ{:é cal
devices in accordance wth the, aLrst enbq meqra,of the prese I.nventi on.
Fig. 4 shows 3RVHHE ARANOAHE; rtical syster: waHt @ epilimatarclens s and moebisetive of

the present i bwmenti oflowever, theFpr@sertt Bivenwsioancapbé epplidéddgallyntoas daiigance
Wi th the first,aaordiERusile bR theDBfitivh MR ON.

If the diffraction grating 2 and the holographic element 3 are
integrated into one component, as shown in Fig. 4, then the number of
optical components can be reduced, and the optical device can be made
smaller and thinner.

If the semiconductor laser element 1 and the photodetector groups 7
are arranged in the same package 14, and this package 14 is sealed with an
optical component, into which the diffraction grating 2 and the holographic
element 3 are integrated, as shown in Fig. 5, then the optical system can be
made smaller and thinner, while increasing the reliability of the optical
_device considerably.

Moreover, integrating the semiconductor laser element 1 and the
photodetector groups 7 into one component on a silicon substrate 15, as
shown in Fig. 6, makes the assembly easier than if separate elements are
arranged inside the package 14. Moreover, using semiconductor micro-
processing technology, it is possible to integrate on substrate 15 a circuit for
current-voltage conversion and evaluation of the electric signals from the
photodetector groups 7. This makes it possible to reduce noise caused by
the wiring inside the optical device, so that an optical device with a better
S/N ratio can be realized. This integration can be realized as a hybrid
structure by bonding the chip to the semiconductor laser element 1, after
formihg all the photodetector groups 7 by semiconductor micro-processing
technology on a silicon substrate 15. If the semiconductor laser element 1 is
of the surface-emitting type, the emitting surface should be faced upward
and chip-bonded. If the semiconductor laser element 1 is of the end face-
emitting type, it is possible to form a concave portion in the substrate 15 by
semiconductor micro-processing technology, as shown in Fig. 7, and to chip-
bond the semiconductor laser element 1 into this portion.

10



Fig. 6 shows an optical device in accordance with the first enbodi nent of

the present invention. Fig. 7 shows an optical device in accordance
with the first enbodi ment of the present invention. Fig. 8 shows an
optical device in accordance with the first enbodi nent of the present

I nventi on. Fig. 9 shows an optical - device in accordance with the

first enbodi nent of _the present invention. .
5 #? 8. micpo-gHEkes Inisdermed bydevméing pfaceelgpt ah@a apgla ofhe

first enbodi merd iafthidwwneaespaition)uadidepbsiting a metalfirgs diklecs¥omash €hdki cal

device in acc%‘égéa}nﬁleenwthg ﬁglﬁ grinrit%d from the semiconductor laser element 1 is
reflected from the micro-mirror 17, so that the light can be guided in an
upward direction.

And using semiconductor micro-processing technology, it is also
possible to form a monitoring photodetector 16 for receiving the light emitted
by the semiconductor laser element 1 from the side that is opposite to the
micro-mirror 17, and adjusting the output of the semiconductor laser
element 1. This configuration has the effect that the optical output of the
semiconductor laser element 1 can be adjusted constantly to the optimal
output, and waste of electric power due to excessive optical output can be
avoided.

On the other hand, it is also possible to use semiconductor hetero-
epitaxy to form a compound semiconductor layer (not shown in the drawings)
monolithically on the silicon substrate 15, and to form the semiconductor
laser element 1 and the photodetector groups 7 on the silicon substrate 15 or
on the compound semiconductor layer. In this case, the semiconductor laser.
element 1 and the photodetector groups 7 can be -integrated into one °
component without using the silicon substrate 15, and using only the
compound semiconductor layer.

Moreover, the present embodiment has been explained for an optical
device in which both the +l-order diffraction light and the —l-order
diffraction light of the holographic element 3 are used to detect the
reproduction signal and the various servo signals. However, if only the +1-
order diffraction light or the —l-order diffraction light of the holographic
element 3 is used to detect the reproduction signal and the various servo
signals as shown in Fig. 8, the number of photodetectors constituting the
phofodetector groups 7 can be reduced, which makes the optical device
cheaper.

Adding, as shown in Fig. 9, a polarization beam splitter 18, a
reflector 19, a polarization separator 20 and a photodetector group 21 for
polarization signal detection to the configuration of the optical device of Fig.
1 makes optomagnetic signal detection possible. In Fig. 9, the light that is
reflected from the information recording medium 6 and incident on the
polarization beam splitter 18 is split up into a beam that travels towards the
holographic element 3 and a beam that travels towards the reflector 19.

11



enbodi ment of the present invention. Fig. 12 shows the diffraction
gratings of optical devices in accordance with a second enbodi nent of the

present invention. Fig. 13 shows an optical device in accordance
with the present invention and the prior art. _ Fig. 14 shows a
diffraction grating in an optical device of the prior art. Fig. 15

shows the diffraction efficiency as_a function of the grating depth in a
di ffraction grat¢ feflented highpithat has been split by thegolagzation beamt spditter 18pl e

reflecti OQJS\I g?;rlll_wmvars foRfa@d&eké Bblo 1@ e &3 ﬁ%ﬁ?ﬂfﬁleﬁxlﬁpfﬁcgi%e&iﬁy' ce.
DESCRI PTI

description of® })fl_gl 5‘? 8@%%/15}%) ?1t Oﬂ"?\‘%etfﬁt%@ﬁ?“l? v Bhused fo
reference to Rlaé;mlat.e and/opdetert thet seEvd siginak s explained &bevd.ol | owi ng expl ai ns
an optical device | g {Hd Sth&Miadldreile Yerlliinp! BRRO LR ANLRR: by the

The configuration.of .th device in

present inventd 1’?’%“%5?%% t‘ieﬁelss%m% rayels{gwapd the seflentorh® ivrefleated i cal
device il ustriat ek ireflédter 193 polaizeld Nend képriatéd ifo P%lzﬁ‘ﬁé‘d ﬁ%ht %ogsat i ng

2 inthe Il IStholladl "B o WhE PEERERlion"YSRA0 Ud ahd EhlEd NS tn
photodetector group 21 for polarization signal detection, whereupon the
reproduction signal is calculated. Thus, the light utilization efficiency of
optical devices for optomagnetic signal detection, which are often said to
have an inferior light utilization efficiency, can be improved, which enables
operation with a semiconductor laser element with low output power.
Furthermore, by enhancing the S/N ratio of the reproduction signal, a high-
quality reproduction signal can be attained. That is to say, the diffraction
efficiency of the +1-order diffraction light is reduced, because the diffraction
efficiency of the zero-order diffraction light of the first grating region 8 is
increased. Consequently, since the influence of multiple. reflection is

suppressed, interference effects between the main beam and the sub-beams
can be decreased. Therefore, the synergy of this effect and the effect of
increasing the light utilization efficiency enhances the S/N ratio of the
reproduction signal and the tracking error signal. For the same reason,

an offset of the tracking error signal is also reduced.

Moreover, if the polarization beam splitter 18, the reflector 19, and
the polarization separator 20 are integrated into one component, as shown in
Fig. 10, the number of optical components can be reduced, so that the optical
device can be made smaller, thinner and cheaper.

If the semiconductor laser element 1, the photodetector groups 7 and
the photodetector group 21 for polarization signal detection are integrated on
a substrate 15, arranged in a package 14, and this package 14 is sealed with

~an optical component, into which the diffraction grating 2 and the
holographic element 3 are integrated, and the polarization beam splitter 18,
the reflector 19, and the polarization separator 20 are integrated into one
component and mounted on the optical component into which the diffraction
grating 2 and the holographic element 3 have been integrated, as shown in
Fig. 11, then the optical device can be made smaller and thinner, while
increasing the reliability of the optical device considerably.
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one in the foll ow ng aspects. Fig. 1Ais a top view of the
diffraction grating 2 of the optical device in the first enbodi nent of the
present invention. The orientations of the X- axis, the Y-axis and the
Z-axis in Fig. 1 are the sane as the respective orientations of the X-axis,
the Y-axis and the Z- axis in Fig. 13. In Fig. 1A the diffraction grating 2
has a stripe-shaped rat g ion 8 raIIeI othe X- axi

second grating regi {‘fréoﬁ‘pB b 1%‘?0‘5‘3 e‘f’h‘?’ﬁer oplyy fay ?ﬂgé’?téba}qon
8. The di f f r actyistem prf raplredmgn(mf/ reberding oh agriafornmpticeyresnrding sneld il tartt
fromthat of tjBenSerPBE wakateAt HEE! MRS é}%lca]- 08V 'R0 prledlinlLhtibn SR8 | N9

region 8 and the grating Ln second gratin .reglon are forned parall el
to the stri pe-khapidied equallyfopntheroptiesl anfogmation:progessig systemst o t he X-
6
imen _
The following explains an optical device in a second embodiment of

the present invention.

The configuration of the optical device in the second embodiment of
the present invention is basically the same as that in the first embodiment,
but the structure of the diffraction grating 2 in the second embodiment of the
present invention differs from the one in the first embodiment in the
following aspects.

Fig. 12 is a top view of the diffraction grating 2 of the optical device
in the second embodiment of the present invention. The orientations of the
X-axis, the Y-axis and the Z-axis in Fig. 12 are the same as the respective
orientations of the X-axis, the Y-axis and the Z-axis in Fig. 13. In Fig. 12,
gratings parallel to the X-axis and having a constant pitch are formed for the
diffraction grating 2. However, in the center portion of the diffraction
grating 2, there is a non-grating region 10 without gratmg, which is stripe-
shaped and formed parallel to the X-axis.

The location of the non-grating region 10 corresponds to the location
where the first grating region 8 is formed in the diffraction grating 2 in the
first embodiment. As has been explained for the first embodiment, the
zero-order diffraction light passing the first diffraction region 8 in the
diffraction grating 2 is used as the main beam, and to increase the intensity
of the main beam, it is preferable that the diffraction efficiency of the zero-
order diffraction light in the first grating region 8 is set to 100%. Setting
the diffraction efficiency of the zero-order diffraction light in the first grating
region 8 to 100% is equivalent to forming no grating at all in the first grating
regioh 8 in the first embodiment, that is, providing the non-grating region of
the second embodiment.

Thus, by forming a non-grating region in the center portion of the
diffraction grating 2, it is possible to increase the intensity of the main beam
optimally. And what is more, *1-order diffraction light is not generated,
because the first grating region 8 is a non-grating region. Consequently, it
1s inossible to completely eradicate the noise components due to interferences

13



axis. The pitch of the grating in the first grating region 8 is the sane as
~the pitch of the grating in the second grating regions 9. The
zero-order diffraction light in the region 11 in Fig. 1A enters the
collimator lens 4, the +1-order diffraction light in the region 12 enters
the collimator Iens 4, and the -1-order diffraction light in the region 13

enters the C%ét{v‘f@rxxofhel %ﬁ?xh%e?m and the -lét&% lgaraﬁ geﬂ*s%ldeﬂ?#ulagﬁes réﬂ%&ﬂ?ﬁd SO

that the optlca axi s m con

| aser el ement alpngdightpath 3 (S@B&megﬁlga 16Amnsi lighdrpathr €7 A Dot
grating regi o &ig SLEB. harhéﬂaﬁ)réeme ‘S/Nefatﬂ'l bf m@trepfbdhbﬁbﬁ Sgssll ARd tiheough

Gt ace on | PERBESLPhyErRt ey he cRbabe MRspTerwy PRGpoNS BT bl ae'
]E_he subngeg_rrsthemaskmgheerdlsigmdmandm dpeatdsed. 2 of the optical deV| ce in the
I rst enbodi ment | dlﬁjégVéxq@ﬁ’s 5}§§19ca%10fn' %&?@%g%ﬁgﬁﬂ&ﬂi@ﬁmﬁﬁ%&rerﬂﬁ&ﬁ thg &

mai n beam and secon rat| ng regions eans t at by

ratin
i ndi vi dual | y #8p §anibegiseddorjtha sergndembpdimente sblsg, § qWe‘PRﬂﬁa 1 dgyicgrin, thene
diffraction &éécbﬁd @%@bbdfiﬁént Ben Z)@rlﬁsedrﬁeropdilcéf frefetrh Qtioh lpgbéesaﬁfg §yitener I |

i {1 raction crpektannsTeetnt: FerE iR fortRie ot AN HhkRafion HEording,

grating regi omeént,ran be rai sed without i an uencing the intensity of the
[err]1-order diffragbidRer, 'tHthrﬂﬁﬁ roxtthe dlfﬁ'éd%ns

Qrcah'%gtﬂt‘éﬁ'lgﬂﬁ 9,
and conver sel Fﬁ% di f%rac c% mﬁb derr diffraction
gt i n tho Bedsirnynss AR e%ﬁh&ﬁsvctﬁch%es rineababtd ahpap e aER 1) he
intensity of the zéPhuas, prowdint the diffrastiohi gratingeivetled eptical déwdcé iof The
grating regi Q&%s@nt invention, which splits the light emitted from a semiconductor laser

element into a plurality of beams, with a plurality of diffraction grating
regions with different functions, the light utilization efficiency of the optical
device can be increased vastly, so that the light amount of both the main
beam and the sub-beams can be increased without increasing the light
emission of the semiconductor laser element, and the S/N ratio of the main
beam and the sub-beams can be enhanced.

Moreover, by making the +1-order diffraction efficiency of the first
grating region for transmitting the main beam in the optical device of the
present invention lower than the +1-order diffraction efficiency of the second
grating region, multiple reflections between the information recording
medium and the semiconductor laser element can be suppressed, so that the
offset of the tracking error signal is reduced.

The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The
embodiments disclosed in this application are to be considered in all respects
as illustrative and not restrictive, the scope of the invention being indicated
by the appended claims rather than by the foregoing description, and all
changes that come within the meaning and range of equivalency of the
claims are intended to be embraced therein.
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For this reason, with the optical device in the first enbodi nent, in order
"to increase the intensity of the zero-order diffraction |light generated in
the first grating region 8 and to increase the intensity of the + 1-order
diffraction |ight generated in the second grating r%Eiququa@Bedzﬂeplaced

diffraction efficiency of the zero-order light in th g region
or der
the Tig

8is set to r diffraction efficienc #
RS LA

diffraction l1g [ econd grating regions 9. Thus,
utilization efficiency can be increased. Mreover, the |light anmount of both

the main beam and tAwg optibaltR¥ie @diprdnknCcreased and their S/N-ratio can be

rai sed, wthout i ncrfaﬁl E?*ﬂ'éhe e(;m ssh_on Intensity of the sem conductor
| aser el enent 1 it e P-FRIYIEHATCPHat the [err]1-order diffraction
efficiency i s decr easkffradiionagsating cfor espdittingelight femiitad droref $aidi &ghy- of

the first grati.ne ' | S¢h NGT ’i‘ﬁﬁ?i opseayenihy it ng to
mul tiple ref ?%aﬁé?iglé{r%‘saq%%egt Ilﬁlé?]t_ ﬁpz)t . t{C[og??T [ er Fk?] éirlﬁrﬁ]rggié’:ﬁn é?tﬂl%&A
and |ight pat$Pmprieng, a) Brdr graleg megion qnd g. seeopda grating pregien (Witho at hat
7 diffraction efficiency that is different from a diffraction efficiency of the first
grating region; and
a focussing member for focussing light that has passed through the

diffraction grating.

2. An optical device comprising:

a light-emitting element for irradiating light onto an information
recording medium;

a diffraction grating for splitting light emitted from said light-
emitting element into a plurality of beams, the diffraction grating
comprising a first grating region and a second grating region with a
diffraction efficiency that is different from a.diffraction efficiency of the first
grating region;

a focussing member for focussing the beams that have been split by
the diffraction grating on the information recording medium;

a deflection member for deflecting the plurality of beams after they
have been reflected from the information recording medium; and

a photodetector for receiving the plurality of beams after they have
been deflected by the deflection member.

3. The optical device of Claim 1 or 2, wherein a diffraction grating depth
in the first grating region is different from a diffraction grating depth in the
second grating region.

4, The optical device of Claim 1 or 2, wherein a diffraction grating depth
in the first grating region and/or a diffraction grating depth in the second
grating region changes stepwise with a constant period.

3. The optical device of Claim 1 or 2, wherein a diffraction grating in
the first grating region and/or a diffraction grating in the second grating
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I nterferences between the main beam and the sub-beam are di m ni shed.
Consequently, the synergy of this effect and the above-noted effect of
increasing the light utilization efficiency enha%g the SSNratio of the
reproduction signal and the tracking error signal. 25 Been Replgame r eason,
an offset of the tracking error signal can be decr The pitch
of the gratin% i.n the first grating region 8 can the pitch
in the second ¥ ariRG HBMHIFELEE o it can be different. The first
grating region 8 and the second grating region 9 also can be configured as

h in Fig. g2. Fi ' ' t j f ' <&l | 2 tas. 2B
-S E))Wgrlancrl)gs-6 sect : gﬁ%@&?&gggﬁﬁerdﬁyéﬁoa%é% evgl??l%?]ﬂ ? g g’%%%%%& gr:ft'h?fl n

Fig. 2A |n Fipgsternpn. the fixsiLrabngaegiomis diffpaentafron the diffeactioneerating

repeats over aate@défi the second gratiagdegion, of the diffraction grating in the
first grating region 8 can be different fromthe depth of the diffraction

grating in the second grating region 9. For exanple, if the depth of the
di ffraction gfati ngThe optigak devdce off Qlaimgl oe§i whegeinsa diffractionleficientsant t he

depth of the dbfd el Giffrdétdd ’l%li_t”iﬂ RBie SRFRNPratirt ir@@iohe?i g:ﬂrf rrggl%aiﬁg;&"“ in

it “in t e fibcbigRaeameE g rers orded fifiaghie figkdr Whatecond Erating
di ffracti on etégionency of the zero-order diffraction light in the second
grating region 9.
8. The optical device of Claim 2, wherein _
the zero-order diffraction light in the first grating region is used as a
main beam for recording/reproducing an information signal on/from the
information recording medium;
+1-order and/or —1-order diffraction light in the second grating region
is used as a sub-beam for detecting a tracking error signal; and
the entire sub-beam passes through the second grating region.

9. The optical device of Claim 1 or 2, wherein

the first grating region is stripe-shaped; and

the grating in the first grating region and the grating in the second
grating region are parallel to the first grating region.

10. The optical device of Claim 1 or 2, wherein

the first grating region is stripe-shaped; and

the grating in the first grating region and/or the grating in the
second grating region is tilted by a predetermined angle with respect to the
first grating region.

11. * An optical device, comprising:

a light-emitting element;

a diffraction grating for splitting light emitted from said light-
emitting element into a plurality of beams, the diffraction grating
comprising a non-grating region; and

a focussing member for focussing light that has passed through the
diffraction grating;
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Moreover, a stepw se variation of the depth of the diffraction grating with
a constant period in the first grating region 8 or the second grating
region 9 is also possible. For exanple, if the depth of the diffraction
gratings in the first grating region 8 varies stepw se, and the depth of
the diffraction grating in the first grating region 8 is made snaller than

the depth of the diffractio rating i he, second gratin egiqn 9 as
shown in Fig. 2C, thghelf%’é a@i‘%fq' B?ﬁtgoé‘nor}'é:ﬁ:‘?ﬁ’cﬁi’ér‘igﬁt Bis Pﬁ%segé?i%‘-"éﬁ the non-
diffraction |i gratingregdien éntess thye fdcusgingegémbe8 i s set to be larger than
the diffraction efficiency of the zero-order diffraction light in the
second grating_gegion 9, which inproves the light utilization efficiency.
Furt her nore, vvilé-h aéﬂ@ﬁtlﬁﬁjs@vmmpéﬂ bl aze- shape, the occurrence

of - 1-order diffracti®nidht@Mithas emeHPF6LH58diatind&cht ont® SAInforR@ition
zero-order diffract.ion ef.ficiency of the grating region 8 is enhanced even

further, whi ch™ff8t“681%° {8 eases the light utilization efficiency, but
al so inproves the S/&\ d_i&raatioanf glrd!iéngeﬁorosplittiingnlighgrmhitemh frdm $aidc Kightr
error signal, beedie ditiehi ChitiCaS pIEHIRGN of NN MIRAMANLANC Sbmhears

are suppressed. .. Moreover, if raction grating Int
grating regi oncBRPHSINE & non-grating region; 8
a focussing member for focussing the beams that have been split by

the diffraction grating onto the information recording medium;

a deflection member for deflecting the plurality of beams after they
have been reflected from the information recording medium; and

a photodetector for receiving the plurality of beams after they have
been deflected by the deflection member;

wherein all or a portion of the light that has passed through the non-
grating region enters the focussing member.

13. The optical device of Claim 11 or 12, wherein a diffraction grating
depth of the diffraction grating changes stepwise with a constant period.

14. The optical device of Claim 11 or 12, wherein the diffraction grating
1s a blazed grating.

15. The optical device of Claim 11 or 12, wherein a diffraction efficiency
of the diffracting grating is adjusted so as to maximize the amount of light
that enters the focussing member after having passed through a region of the
diffraction grating other than the non-grating region.

16. ©  The optical device of Claim 12, wherein

light that has passed through the non-grating region is used as a
main beam for recording/reproducing an information signal on/from the
information recording medium;

+1-order and/or —1-order diffraction light in the diffraction grating is
used as a sub-beam for detecting a tracking error signal; and

the entire sub-beam passes through a region of the diffraction
grating other than the non-grating region. )
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bl azed grating (sawtooth-shaped) as shown in Fig. 2D, then the S/INratio
~of the reproduction signal and the tracking error signal is inproved even
further, because the occurrence of -1-order diffraction |ight can be
suppressed conpl etely. - Furthernore, the diffraction grating pattern
of the first grating region 8 also can be different fromthe diffraction
grating pattern of the second grating region 9. For exanple, if the
diffraction gratln in the first ratln region 8 is curved as shown in
Fig. 3A, thenlfhe | %?Pfé‘faltdﬁéélc %Pét &r WhaEEiRr om t he i nf or mati on

recordi ng nmedi um 6 &amdﬁegﬁa@ﬁtg&%gibrﬁ@%tﬂpéfshapé@du{do be gui ded towards a

| i ght-receiving eI and ft@}e ro uct i Oﬁ naI géa]g bglPdet ect egﬁ

Mor eover, the fi rst agihian, grapn P e ROBrEIRLDS y of
regi ons with chgldm. actl on gr at| ngs having differ ent grating directions as
shown in Fig. 3B. is also possible to make the first grating

region 8 stri ti]t dlrectl n f the diffraction grating
of the secondférat ?ﬁbe?%ag#e@"%? g fﬂéf’é '4Rgl e agai nst the
direction of the dlthbrmt-gmmn@rtegtbnor‘s sthpe-fshapéd,gamalti ng region 8. By doing
so, the diffracti Oq;hgféxja%fn%ngfy tlr%f dhﬁ%cgigﬁog'rating is tilted by a predetermined

angle with respect to the non-grating region.

19. The optical device of Claim 2 or 12, further comprising a circuit for
amplifying an electrical signal from the photodetector.

20. The optical device of Claim 2 or 12, wherein the deflection member is
a diffraction grating functioning as a lens.

21. The optical device of Claim 2 or 12, further comprising a polarization
beam splitter

22. The optical device of Claim 2 or 12, wherein at least the light-
emitting element and the photodetector are integrated in the same housing.

This Sheet Has Been Rep

T

18

THIS SHEET HAS BREN
REPLAL T

LT Wi



_--"‘:"diffraction light in the first grating region 8 can be set to be
Mer than the diffraction efficiency of the zero-order diffraction |ight

® the second grating region 9, a ' f anpl e, a tracking error
gignal is detected with the thr ee[kgggﬁr(ﬁArlfe%\gg,é then it becones easy to

realize an arr apgEerRACTVORIEL : rigpots of the main beam and the
sub- beans are separated bg‘iﬁi] Ei%ﬁ%@gg@%nly 1/4 the track pitch on the

i nformation recordi n§® vice includemp Jighitrmaitiiagt elamentden iwsqdiatingd
for the case tlight t&etor agi ﬁ!ifoix%aﬁﬁﬁliét@rdi@@ Qﬁledliﬁ]{xﬁzlﬁr Hﬁ'ta\_étibili' éﬂfst%ﬁ% flag
rating region_g. : I s I &, . ver,,,l € optica )
gesi gngd sg t hgﬁittt%?eg rlggll orﬁm?ffdaﬁamt ﬁ%‘dméﬁ%ﬁmi@‘%% eﬂﬁ‘ﬁ?)ﬂ‘ &TB?ILBPEFX/ of
i nsi de the secberingr at foayssinginember fos fodussmei themphuralify of ieaniseneniths e
sub- beans passidifALGInt RooP@meN thellidhi, N8 ASH LIS ?nexﬁp&fﬁgyg@ﬁe\régct ihghe

I nt It f the sub-b s conpletely independent Q ) .

effic ﬂangyoof Pﬁl%‘ahi% s‘t%a@??sad% r?gftf‘rrlr’gbﬁl% Igvesheamaetlegted dirpry ske iipformation

efficiency of tdeerdingshedivai; ngnd egih@tb&izg,@étbr ﬂﬂ'z‘é@éiv{dﬂﬁd’bplu!\b.ﬁﬂ%'ﬁ?éﬁtﬂhée ng
i deration | RL |t e e repyer,.

W dth of the frog %?%%ﬁﬁj‘%eséi 80006, Y AR scsion, memied, TH fifiragtie® 5

tan(sin[ err] ( \SYatingvhas & fret gratingeregion anden secomd: grating wegiom whivkehave t he
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signal, and the +1-order or -1-order diffraction light in the second grating
regions is used as sub-beams for reproduction of the tracking error signal.
Thus, the light amount of both the main beam and the sub-beams can be

- increased without increasing the light emission of the semiconductor laser
element 1, and the S/N ratio of the main beam and the sub-beams can be
enhanced.
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only the zero-order diffraction |ight passing through the first grating
regi on 8 becones the nmain beam Consequently, the intensity of the main
beam becones conpl etely i ndependent of the diffraction efficiency of the
second grating region 9, so that the diffraction efficiency of the first
grating region 8 can be set freely without giving consideration to the

I ntensity of the sub- beans. Thi s enbodi nent has been expl ai ned for
the case of an optical device having an infinite optical systemwth a
collimator lens 4 and an objective lens 5. However, the present invention
can be applied equally to a finite optical systemusing only the objective
| ens 5. «If the diffraction grating 2 and the hol ographic el enent 3
are integrated into one conponent, as showd i n Fig. 4, then the nunber of
optical conponents C?WAbF reduced, and the/optical device can be nade
smal | er and thi nner. I f "the sem gonductor |aser elenent 1 and the

phot odet ect or groups 7
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are arranged in the sanme package 14, and this package 14 is sealed with an
optical conponent, into which the diffraction grating 2 and the hol ographic
elenent 3 are integrated, as shown in Fig. 5, then the optical system can
be made smaller and thinner, while increasing the reliability of the
optical device considerably. Mor eover, integrating the sem conductor
| aser elenent 1 and the photodetector groups 7 into one conponent on a
silicon substrate 15, as shown in Fig. 6, makes the assenbly easier than if
separate el enents are arranged inside the package 14. Mreover, using

sem conductor mcro- processing technology, it is possible to integrate on
substrate 15 a:circuit for curregt-voltage gonversior§ and eval uati on of the
el ectric signals fromthe phot odét ect or gro%ps 7. Th“h makes it possible to
reduce noi se caused by tfe wiring inside the optical [device, so that an
optical device with a bejter S/Nfratid can fbe rdalizdd. Trls i ntegration
can be realized as a hybrnd|structure{by bonding the chip{to the

sem conductor | aser el enent31, after florm ng allf the photodetector groups 7
by sem conductor mcro-procegssing techhnology onfa silicon|substrate 15. If
t he sem conductor | aser ete nt 1is éf t he surflace-em tti type, the
emtting surface should b aced upwarid and chi p- bonded. [f lthe

sem conductor |aser elenent {1 is of the end face- emtting type, it is
possible to forma concave portion in|the substjate 15 by|sem conduct or

m cr o- processi ng technol ogy| as shownjin Fig. 7} and to chip- bond the

sem conductor |aser elenent 1 1nto this portion.
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10 If a mcro-mrror 17 is fornmed by formng a face sl ant
at an angle of 45[err] in this concave portion, and depositing a netal or a
dielectric filmon this face, then the light emtted fromthe sem conductor
| aser elenment 1 is reflected fromthe mcro-mrror 17, so that the |ight
can be guided in an upward direction. And using sem conduct or

m cr o- processing technology, it is also possible to forma nonitoring

phot odet ector 16 for receiving the light emtted by the sem conductor |aser
elenment 1 fromthe side that is opposite to the mcro-mrror 17, and

adj usting the output of the sem conductor | asér el ement 1. This
configuration has the effect that the optical§output of the sem conductor

| aser elenent 1 can be adjusted constantly to the optimal output, and waste

of electrlc power due to excess 5 j can be )
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avoi ded. On the other hand, it is also possible to use

sem conduct or hetero- epitaxy to forma conpound sem conductor |ayer (not
shown in the drawings) nonolithically on the silicon substrate 15, and to
formthe sem conductor |aser elenent 1 and the photodetector groups 7 on
the silicon substrate 15 or on the conpound sem conductor layer. In this
case, the sem conductor laser. elenent 1 and the phot odetector groups 7 can
be integrated into one conponent w thout using the silicon substrate 15,
and using only the conpound sem conductor | ayer. Mor eover, the
present enbodi nent has been expl ained for an optical device in which both
the +1-order diffraction light and the -1-order diffraction light of the
hol ographic el enent 3 are used to detect the reproduction signal and the
various servo signals. However, if only the +1- order diffraction |light or
the -1-order diffraction light of the hol ographic element 3 is used to
detect the reproduction signal and the various servo signals as shown in
Fig. 8, the nunber of photodetectors constituting the photodetector groups
7 can be reduced, which nmakes the optical device cheaper. Addi ng, as
shown in Fig. 9, a polarization bean1sp|itteréi8, areflector 19, a

pol ari zati on separator 20 and a photodetector/ group 21 for polarization
signal detection to the configuration of the optical device of Fig. 1 makes
opt omagneti c signal detection possible. In/Fig. 9, the light that is
reflected fromthe information recordi ' rnci dent on the
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pol ari zation beamsplitter 18 is split up into a beamthat travels towards
the hol ographic elenent 3 and a beamthat travels towards the reflector 19.
11 The reflected Iight that has been split by the polarization
beam splitter 18 and travels towards the hol ographic element 3 is
diffracted and focussed by the hol ographic el enment 3 onto the photodetector
group 7, and is used to cal culate and/or detect the servo signal, as
expl ai ned above. On the other hand, the returning light that is
split by the polarization beamsplitter 18 and travels toward the
reflector 19 is reflected by the reflector 19, polarized and separated
into P-polarized light and S polarized light by the polarization
separator 20, and guided to the photodetector group 21 for polarization

si gnal detection, whereupon the
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reproduction signal is calculated. Thus, the light utilization efficiency
of optical devices for optomagnetic signal detection, which are often said
to have an inferior light utilization efficiency, can be inproved, which
enables operation with a sem conductor |aser element with | ow out put
power. Furthernore, by enhancing the S/Nratio of the reproduction signal,
a high- quality reproduction signal can be attained. That is to say, the
diffraction efficiency of the [err]l-order diffraction light is reduced,
because the diffraction efficiency of the zero-order diffraction |ight of
the first grating region 8 is increased. Consequently, since the
influence of midtiple reflectionis suppressed, interference effects

bet ween the mai n beam and the sub-beans can be decreased. Therefore, the
synergy of this effect and the effect of increasing the light utilization
efficiency enhances the S/INratio of the Teproduction signal and the
tracking error signal. For the sane reason, an offset of the tracking
error signal is also reduced. Moreover, if the polarization beam
splitter 18, the reflector 19, and the pol arization separator 20 are
integrated into one conponent, as shown in Fig. 10, the nunber of optical
conponents can be reduced, so that the optical device cap be nade snaller,
t hi nner and cheaper. I f the sem conductor | aser enent 1, the

phot odet ect or groups 7 and the photodetector group 21 ¥or polarization
signal detection are integrated on a substrate 15, apfanged in a package
14, and this package 14 is sealed w nent, into which the

diffraction grating 2 and the hol o ntegrated and the
pol ari zati on beam splitter
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the reflector 19, and the polarization separator 20 are integrated into one
conponent and nounted on the optical conponent into which the diffraction
grating 2 and the hol ographic el enment 3 have been integrated, as shown in
Fig. 11, then the optical device can be nade snaller and thinner, while
increasing the reliability of the optical device considerably.

12 The above-noted application exanples relate only to an
optical systemfor reproduction / recording on an information recording
medi um but it should be understood that the optical device of the present

i nvention can be applied equally to other optical information processing
systens. <
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Second Enbodi nent The follow ng explains an optical device in a
.second enbodi nent of the present invention. The configuration of
the optical device in the second enbodi nent of the present invention is
basically the sane as that in the first enbodi ment, but the structure of
the diffraction grating 2 in the second enbodi nent of the present invention
differs fromthe one in the first enbodinent in the foll ow ng aspects.

Fig. 12 is a top view of the diffraction grating 2 of the optical device in
t he second enbodi nent of the present invention. The orientations of the
X-axis, the Y-axis and the Z-axis in Fig. 12 are the sanme as the respective
orientations ofs the X-axis, the Y-axis and the Z-axis in Fig. 13. In Fig.
12, gratings parallel to the X-axis and having a constant pitch are forned
for the diffraction grating 2. However, in the center portion of the
diffraction grating 2, there is a non-grating region 10 w thout grating,
which is stripe- shaped and forned parallel to the X-axis. The

| ocation of the non-grating region 10 corresponds to the | ocation where the
first grating region 8 is forned in the diffraction grating 2 in the first
enbodi nent. As has been explained for the &%rst enbodi nent, the zero-order
diffraction light passing the first diffraédion region 8 in the diffraction
grating 2 is used as the nain beam and to/increase the intensity of the
main beam it is preferable that the diffyaction efficiency of the zero-
order diffraction light in the first graying region 8 is set to 100%
Setting 7

J
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the diffraction efficiency of the zero-order diffraction light in the first

grating region 8 to 100%is equivalent to formng no grating at all in the
first grating region 8 in the first enbodinment, that is, providing the
non-grating region of the second enbodi nent. Thus, by forming a

non-grating region in the center portion of the diffraction grating 2, it
is possible to increase the intensity of the main beamoptimally. And what
is nore, [err]l-order diffraction light is not generated, because the first
grating region 8 is a non-grating region. Consequently, it is possible to
conpl etely eradicate the noise conponents due to interferences

13 between the nmain beam and the sub-beans caused by nmultiple
reflections along light path 1 [err] in Fig. 16A and light path 2 [err]
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in Fig. 16B. Therefore, the S/INratio of the reproduction signal and the
_tracking error signal can be enhanced consi derably. Mreover, the offset of
the tracking error signal can be decreased. The various application
exanpl es explained in the first enbodi nent also can be used for the second
-enbodi ment. Also, the optical device in the second enbodi nent can be used
for optical information processing systens other than systens for
reproduction / recording of an information recordi ng nedi um

Moreover, the grating of the diffraction grating 2 can be tilted by a
predeterm ned angle with respect to the stripe-shaped non-grating region
10. Thus, providing the diffraction grating in the optical device of
the present invention, which splits the light emtted froma sem conductor
| aser elenent into a plurality of beans, with a plurality of diffraction
grating regions with different functions, the light utilization efficiency
of the optical device can be increased vastly, so that the |ight anount of
both the nain beam and the sub-beans can be increased w thout increasing
the Iight em ssion of the sem conductor |aser elenent, and the S/Nratio of
t he main beam and t he sub-beans can be enhanced. Mor eover, by maki ng
the [err]1-order diffraction efficiency of the fir&t grating region for
transmtting the main beamin the optical device 6f the present invention

| ower than the 1-order diffraction efficienc¥/9f/?he second grating region,
multiple reflections between the information £ecordi ng nmedi um and the

sem conduct or | aser el ement can be suppressed, so that the '
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of fset of the tracking error signal is reduced. The invention may be
enbodied in other specific fornms without departing from the spirit or
essential characteristics thereof. The enbodi nents disclosed in this
application are to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the appended
clains rather than by the foregoing description, and all changes that cone
wi t hin the neani ng and range of equivalency of the clains are intended to

be enbraced therein. 14
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VWHAT IS CLAIMED | S: 1. An optical device conprising:
light-emtting el enent; a diffraction grating for splitting |light
emtted fromsaid light-emtting elenent into a plurality of beans, the
diffraction grating conprising a first grating region and a second grating
region with a diffraction efficiency that is different froma diffraction
efficiency of the first grating region; and a focussing nenber for
focussing light that has passed through the diffraction grating;

wherein the first grating region is stripe-shaped; and the grating
inthe first grating region and the grating in the second grating region
are parallel toe the first grating region. 2. The optica
device of Caiml1, further conprising: a deflection nmenber for
deflecting the light that has been focussed by the focussing nenber and
then reflected froman information recordi ng nmedi ump and a

phot odet ector for receiving the plurality of beans after they have been
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defl ected by the defl ection nmenber. 3. The optical device of
Claim 1, wherein a diffraction grating depth in the first grating region
is different froma diffraction grating depth in the second grating region.
4. The optical device of Caim 1, wherein a diffraction
grating depth in the first grating region and/or a diffraction grating
depth in the second grating region changes stepwi se with a constant period.

5. The optical device of aim1l, wherein a diffraction grating
inthe first grating region and/or a diffraction grating in the second
grating region is a blazed grating. 6. The optical device of

Claiml, wherein the diffraction grating pattern in the first grating
region is different fromthe diffraction grating pattern in the second
grating region.

FIG .13
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7. The optical device of Claim1, wherein a diffraction
efficiency of zero-order diffraction light in the first grating region is

| arger than a diffraction efficiency of zero-order diffraction light in the
second grating region. 8. The optical device of Claim?2, wherein

the zero-order diffraction light in the first grating region is used as a
mai n beam for recordi ng/ reproducing an informati on signal on/fromthe

i nformation recordi ng nmedi um +1-order and/or -1-order diffraction
light in the second grating region is wused as a sub-beamfor detecting a
tracking error signal; and the entire sub-beam passes through the
second grating ¥ egion. 9. An optical device conprising:
alight-emtting el ement; a diffraction grating for splitting |ight

emtted fromsaid light-emtting
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element into a plurality of beans, the diffraction grating conprising a
first grating region and a second grating region with a diffraction
efficiency that is different froma diffraction efficiency of the first
grating region; and a focussing nenber for focussing light that has
passed through the diffraction grating; wherein the first grating
region is stripe-shaped; and the grating in the first grating
region and/or the grating in the second grating region is tilted by a
predeterm ned angle with respect to the first grating region. 10.

An optical device, conprising: a light-emtting el ement; a
diffraction grating for splitting light emtted fromsaid light-emtting
elenment into a plurality of beans, the diffraction grating conprising a
non- grating region; and % a focussing nmenber for focussing |ight
that has passed through the diffraction graji ng; wherein a
diffraction grating depth qf the diffractiop grating changes stepwi se with
a constant period, and 100 or a portion of the light that has

passed t hrough the n%p-grating regi on ers the focussing nmenber.
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16 11. The optical device of Caim110, further

conpri si ng: a deflection nenber for deflecting the light that has
been focussed by the focussing nenber and then reflected from an

i nformation recordi ng nmedi um and a phot odetector for receiving the
plurality of beans after they have been deflected by the deflection nenber.
12. The optical device of Caim 10, wherein the diffraction
grating is a blazed grating.
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13. - The optical device of Caim10, wherein a diffraction
efficiency of the diffracting grating is adjusted so as to nmaxinize the
anount of light that enters the focussing nenber after having passed
t hrough a rEQi on of the diffraction grating ot her than the non-grating

regi on. ])Thﬁl(} mﬁeq‘@l ccdcﬁvthcfellgl t%l [pnég'h OY\IE qxgalt bedm Beadlgufgt ¢ile hat

has passed thro
recordi ng/ repr dﬂ@é?%e%&w g’r‘i’ﬂﬁﬁr’rﬁﬂ Oﬁm“{fsilgfhalﬂgkﬁlﬁ} Pﬁﬁmql’rﬁ’emen‘ﬂ‘@rlﬁﬁttﬂtﬁ@ms
recordi ng nmedi uay interfere witheaelebtlrnd/ or -1-order diffraction light in the

diffraction grating mua o85O REAN 0L @gt G5! ool 86K NG 21y o

si gnal ; and g re sub-beam passes rough
di ffraction®gr &E‘?H%e%‘t"ﬁ the Rhasq Héeraee o Bich 5g ‘H’nthe tili‘i Zngle 5 in the The
optical devi ce tedckdiaéatioh®df thdheif&intation recordﬁri’gEmB&ﬁmg Gat Cogsdq@gntly) there

stri pe- shaped; 1§@He problem thQFt}Qar thﬂ%ingefngttﬁ'%agédfér{ @ﬁ%}s&pb%{xﬁ‘ts*)&g ‘)a§1es

parallel to the r?gram%és evi ce’ of
Cl ai m 10, wher &n4 thefe 1s an eFIHhﬂlg?rféiﬂ‘ilﬂﬁg PEEr 8112k st ri pe- shaped; and
the grating of the dSihilasdy,iioterfréaidesdue $o Multipld refletiqiscides eanihaadaingl e

10 beam and the sub-beams may occur, and lead to the problem that not only
the S/N ratio of the reproduction signal but also the S/N ratio of the tracking
error signal decreases.

SUMMARY OF THE INVENTION

—~ 15 It is an object of the present invention to provide an optical element,
wherein the light amount of both the main beam and the sub-beams can be
increased without increasing the light emission of the semiconductor laser
element 1, and the S/N ratio of the main beam and the sub-beams can be
enhanced.

20 It is another object of the present invention to provide an optical
device, wherein an offset of the tracking error signal is reduced by
suppressing multiple reflections between the information recording medium
and the optical components used for the optical device, and the S/N ratio of
the reprodyction signal or the tracking error signal is increased by

25  suppressing interference between the main beam and sub-beams.

An optical device in accordance with the present invention comprises:

a light-emitting element;

a diffraction grating for splitting light emitted from said light-
emitting element into a plurality of beams, the diffraction grating

30 comprising a first grating region and a second grating region with a
diffraction efficiency that is different from a diffraction efficiency of the first
grating region; and

a focussing member for focussing light that has passed through the
diffraction grating;

35 wherein the first grating region is stripe-shaped; and

the grating in the first grating region and the grating in the second
grating region are parallel to the first grating region.

In the diffraction grating in the optical device of the present
invention, the diffraction efficiency of the first grating region for
transmitting the main beam is 1ndepefxdert from the diffraction efﬁc1ency of
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with respect to the non-grating region.
17 i - 47. The optical device of Caim1l1l or 12, wherein
the non-grating region is stripe-shaped; and the grating of the
diffraction grating is parallel to the non-grating region. 18. The
optical device of Cdaim11l or 12, wherein the non-grating region is
stri pe- shap&dHHAGhE CLAIMEDX e grating of the diffraction grating is tilted
by a predeterm ned

1. An optical device comprising:

a light-emitting element;

a diffraction grating for splitting light emitted from said light-emitting
element into a plurality of beams, the diffraction grating comprising a first
grating region and a second grating region with a diffraction efficiency that is
different from a diffraction efficiency of the first grating region; and

a focussing member for focussing light that has passed through the
diffraction grating;

wherein the first grating region is stripe-shaped; and

the grating in the first grating region and the grating in the second
grating region are parallel to the first grating region.

2. The optical device of Claim 1, further comprising:

a deflection member for deflecting the light that has been focussed by
the focussing member and then reflected from an information recording
medium; and . : )

a photodetector for receiving the plurality of beams after they have been
deflected by the deflection member.

3. The optical device of Claim 1, wherein a diffraction grating

depth in the first grating region is different from a diffraction grating depth in
the second grating region.

4, The optical device of Claim 1, wherein a diffraction grating
~ depth in the first grating region and/or a diffraction grating depth in the second
grating region changes stepwise with a constant period.

5 The optical device of Claim 1, wherein a diffraction grating in
the first grating region and/or a diffraction grating in the second grating region
is a blazed grating.

6. The optical device of Claim 1, wherein the diffraction grating
pattern in the first grating region is different from the diffraction grating
 pattern in the second grating region.
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angle with respect to the non-grating region. 19. The optical device of
Claim2 or 12; further conprising a circuit for anplifying an el ectrical

signal fromthe photodetector. 20. The optical device of Claim2 or 12,
wherein the deflection nmenber is a diffraction grating functioning as a
| ens. 21. The optical device of daim2 or 12, further conprising a

\%’I ari zat L oln 7be?mt ﬁ pl Il t t’ﬁ{c or%?e_a% dgviazh@rl @mﬁlc@wlgﬁtwﬁp@ dgfl:[agai&il BificterRf of2,
i nte rGSIr gt 2d i ggf%@'dggﬁéijﬁ%ﬁt}é? ﬁg}llt 1tn| trllx% ﬁerste gx!aart]ntngar%gion 1% kErg(c)ar (L?haen g ﬁgf?x‘racg{n?
efficiency of zero-order diffraction light in the second grating region.

8. The optical device of Claim 2, wherein

the zero-order diffraction light in the first grating region is used as a
main beam for recording/reproducing an information signal on/from the
information recording medium;

+1-order and/or —1-order diffraction light in the second grating region is
used as a sub-beam for detecting a tracking error signal; and

the entire sub-beam passes through the second grating region.

— 9. An optical device comprising:

a light-emitting element;

a diffraction grating for splitting light emitted from said light-emitting
element info a plurality of beams, the diffraction grating comprising a first
grating region and a second grating region with a diffraction efficiency that is
different from a diffraction efficiency of the first grating region; and

a focussing member for focussing light that has passed through the
diffraction grating;

wherein the first grating region is stripe-shaped; and

the grating in the first grating region and/or the grating in the second
grating region is tilted by a predetermined angle with respect to the first
grating region.

10. . An optical device, comprising:

a light-emitting element;

a diffraction grating for splitting light emitted from said light-emitting
element into a plurality of beams, the diffraction grating comprising a non-
grating region; and

a focussing member for focussing light that has passed through the
diffraction grating;

wherein a diffraction grating depth of the diffraction grating changes
stepwise with a constant period, and

all or a portion of the light that has passed through the non-grating
region enters the focussing member. 'f
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11. The optical device of Claim 10, further comprising:

a deflection member for deflecting the light that has been focussed by
the focussing member and thén reflected from an information recording
medium; and

a photodetector for receiving the plurality of beams after they have been
deflected by the deflection member.

12. The optical device of Claim 10, wherein the diffraction grating is
a blazed grating.
13. The optical device of Claim 10, wherein a diffraction efficiency of

the diffracting grating is adjusted so as to maximize the amount of light that
enters the focussing member after having passed through a region of the

diffraction grating other than the non-grating region.

14. The optical device of Ciaim 11, wherein

light that has passed through the non-grating region is used as a main
beam for recording/reproducing an information signal on/from the information
recording niedium;

+1-order and/or —1-order diffraction light in the diffraction grating is
used as a sub-beam for detecting a tracking error signal; and

the entire sub-beam passes through a region of the diffraction grating
other than the non-grating region.

15. The optical device of Claim 10, wherein
the non-grating region is stripe-shaped; and
the grating of the diffraction grating is parallel to the non-grating

region.

16. . The optical device of Claim 10, wherein
the non-grating region is stripe-shaped; and
the grating of the diffraction grating is tilted by a predetermined angle

with respect to the non-grating region.
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OPTICAL DEVICE

ABSTRACT OF THE DISCLOSURE

An optical device includes a light-emitting element for irradiating
light onto an information recording medium, a diffraction grating for
splitting light emitted from said light-emitting element into a plurality of
beams, a focussing member for focussing the plurality of beams onto the
information recording medium, a deflection member for deflecting the
plurality of beams after they have been reflected from the information
recording medium; and a photodetector for receiving the plurality of beams
after they have been deflected by the deflection member. The diffraction
grating has a first grating region and a second grating region, which have
different diffraction efficiencies. The zero-order diffraction light in the first
grating region is used as the main beam for reproducing the information
signal, and the +1-order or —1-order diffraction light in the second grating
regions is used as sub-beams for reproduction of the tracking error signal.
Thus, the light amount of both the main beam and the sub-beams can be
increased without increasing the light emission of the semiconductor laser
element 1, and the S/N ratio of the main beam and the sub-beams can be
enhanced.
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