TITLE OF THE | NVENTION Optical Device and Optical Pickup Device
BACKGROUND OF THE | NVENTION Field of the I nvention Thi s
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particularly, it relates to an optical device and an optical pickup device
empl oying a sem conductor laser. Description of the Related Art Up
to now, in a disc recording/reproduci nglapparatus, enploying an optical
disc as a recordi ng nmedi um an optlcal pi ckup device is used as

recor di ng/?’é‘ﬁ#ﬁ)cﬁﬁqﬂ'@ i nformation signals. Thi s opti cal

pi ckup devjce use a sem conduct.or ice 1, as a light source, and
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scattered ﬁA&E&R&ﬁﬁ“dﬁ‘%ﬂﬁeﬂW or |aser device 1 as a point |ight

source, into
Field of the Invention

This invention relates to an optical device and an optical
pickup device. More part;cularly, it relates to an opticél device
and an optical pickup device employing a semiconductor laser.
Description of the Related Art |

Up to now, in a disc recording/reproducing apparatus,
employing an oﬁtical disc as a recording'medium, an optical
pickup device is used as recording/reproducing means for
information signals. ﬂ

This optical pickup device uses a semiconductor laser device
1, as a light source, ahd has a collimator lens 2 for refracting
a light beam L1, radiated as scattered 1light from the
semiconductor laser device 1 as a point light source, into a
collimatéd light beam..The optical pickup device uses an infinite
optical system in which a 1light beam radiated from the
semiconductor laser device 1 has no fécusing point. The light
beam L1, collimated by the collimator lens 2; is collimated by
the collimator lens 2 and converged by an objective léns 3 so as
to form a beam spot on the signal recording.surface }a of an
optical disc 4.

The light beam L1, iiluminated on the signal recording

surface 4a of an optical disc 4, is controlled to scan_d pre-set




collimated I'i ght beam The optical pickup device uses an infinite optical
systemin which a light beamradiated fromthe sem conductor |aser device
1 has no focusing point. The light "beam L1, collinmated by the collinator
lens 2, is collimted by the collimator I ens 2 and converged by an
objective lens 3 so as to forma beam spot on the signal recording surface

4a of an optical disc 4. The |light beamLl, illumnated on the
signal recording. surface 4a of an optical disc 4, is controlled to scan a
pre-set 2 recording track. The
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shown by arrow T in Fig.2, which is the direction of a plane |lying at
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optical axis of the objective lens 3, based on tracking error
signals obtained on detecting the return light reflected from the
optical disc 4. The . objective lens 3 is displaced by an
objective lens driving device drive—~controlling the objective
lens 3 responsive to the tracking error signal.

By the objective lens 3 thus being displaced in the
direction of the plane lying at right angles with its optical
-axis, the beam spot of the light beam L1, converged by the
objective lens 3, is controlled to scan a pre—set recording
track.

Since the informétion signals can be recorded to a high
density on the optical disc, a small-sized disc 64 mm in diameter
has now been offered to the market. In a disc
recording/reproducing apparatus, employing such small-sized
optical disc as a fecording medium, the apparatus itself is
required to be further reduced in size in keeping up with the
small disc size. Fur reducing the size of the disc
recording/reproducing apparatus, the optical pickup device,
constituting the recording/reproducing means used thefein, also
needs ﬁo be reduced in size.

In the optical pickup device, employing the above—described

infinite optical system, the collimator lens 2 is provided as an



objective lens driving device drive-controlling the objective lens 3
responsive to the tracking error signal. By the objective lens 3 thus
bei ng displaced in the direction of the plane lying at right angles with
its optical axis, the beam spot of the |light beam Ll, converged by the
objective lens 3, is controlled to scan a pre-set recording track.

Since the information signals can be recg{ded to a high density on the
optical disc, a small-sized disc 64 nmin dianeter has. now been

offered to the market. In - a disc recording/reproducing
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the apparatus itself is required to be further reduced in size in keeping
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provided as an The opt1cg1 pickup device, proposed therein, is configured
so th#t a'light beam L2 radiated from the semiconductor laser
device 1 directly falls on the objective lens 3, without being
collimated, so as to be thereby converged to be radiated on the
signal recording surface of the optical disc 4. Insofar as the
retﬁrn light reflécted from the optical disc 4 is concerned, the
present optiéal pickup device 3 constitutes a light path having
the point of oscillation of the semiconductor laser devicell as
a focal point. Thus the optical.pickup device 3 is termed an
optical pickup device Eonstituting an infinite optical system,
as contrastgd to an opfical pickup device constituting an
infinite optical system shown in Fig.l.

With the optical pickup device of Fig.1, constructed as the
infinite optical system, the light beam L1, converged by the
objective lens 3 so as to.be illﬁminated on the optical disc 4,
has its'converging point Fl coincident with thé'optical axis P1
0f the objective lens.3, as long as the objective lens 3 is
positioned within-the light beam L1, even if the objective lens
3 is displaced in the tracking direction perpendicular to its

optical axis.

On the other hand, in the optical pickup device, shown in



optical elenment for collimating the |ight beamradiated as the scattered
| ight froma sem conductor |aser device 1. The optical pickup device is
increased in size at |least by a value corresponding to the size of the
collimator |ens. The optical pickup device, proposed therein, is:
configured so that a |light beam L2 radiated fromthe sem conductor |aser

device 1 directly falls on the objective lens 3, wthout being

colli nmat ed,

.s0 as to be thereby converged to be raditated on the signal recording
surface of the optical disc 4. Insofar as the —return light reflected from
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constitutes a light path having the point of oscillation of the
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point of the semiconductor laser device 1, if the objeétive lens
3 is displaced in the tracking direction. The result is that the
light beam L2 converged by the objective lens 3 so as to be
illuminated on the optical disc 4 has its converging point F2
offset by a pre-éet amount from the optical axis P1 of the
objective'lens 3 to assume an image height yl, to produce a so-
called field-of-view deflection.

As the semiconductor laser device 1, employed as a light
soufce of tﬁe optical éickup device, a gain guiding +type
semiconductor laser device, which is a sort of a double hetero
'junction semiconductor-laser element, is used. .

With the double hetero junction semiconductor laser element,
used as d light source for the optical pickup device, there is
no risk of an increased noise level ascribable to the self-
co;pling effect by the return light reflected from the signal
recording surface of the optical disc. Therefore, the gain-
guiding type semiconductor laser element can be effectively used
as a light source for the optical ﬁickup device used in an
optical disé recording/reproducing. apparatus configured for
recording and/or erroducing image signals or digital data that
are in need of a high S/N ratio. The reason is that, as compared

to the index guiding type element of the analogous type in which



infinite optical systemshown in Fig. 1. “Wth the optical pickup

device of Fig.1l, constructed as the infinite optical system the |ight
beam L1, converged by the objective lens 3 so as to be illum nated on the
optical disc 4,7 has its converging point F1 coincident with the optical

axis P1  of the objective lens 3, as long as the objective lens 3 is
positioned within the |ight beamLl, even if the objective |ens 3is
di splaced in the tracking direction perfendicular to its optical axis.
On the other hand, in the optical pickup device, shown in
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di spl aced towards the outer periphery of the light beamL2 in the state of
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sem conductor |aser device 1, if the objective lens 3 is displaced in the':
tracki ng diasan i ehemegnt Reqflornss ipngitwdinal multiple frequency mode
| oscillation, and hence has such propertiés fhat the oscillation
is not disturbed by the return light from the optical disc.
However, from the viewpoint of optical characteristics, the
beam waist of the oscillated light of the gain-guiding type
semicpnductor laser element within the semiconductqr junction
surface (X-Y plane) differs from that inla_plane-perpendicular
thereto (X-Z plane), as shown in Figs.s'and 6. Specifically, the
beam waist is at a point A, coihcident with a mirror surface lla,
in the vertical plane (X-Z plane), while being at a point B,
intruded t& an active plane 11b, inwardly of the mirror plane
1l1a, of the semiconduétor laser device 1, within the junction
plane (X-Y plane). The distance AZ between the poihts A and B
in Fig.6 is termed an astigmafic difference. Thus the pdint of
convergence of the oscillated light in the junction plane (X—Y
prlane) differs from that in the plane perpendicular thereto (X-Z
plane) thus producing an astigmatic aberration.
If this type of the semiconductor laser element is used as
a light source for the optical pickup device, the astigmatic
aberration'is_produced by the 1light beaﬁ radiated from the
semiconductor laser element, and an image of the radiated light
beam is formed on the signal recording surface of the optical

disc, using an objective lens, the beam spot becomes distorted



| i ght beam L2 converged by the objective lens 3 so as to be illumnated on
the optical disc 4 has its converging point F2 offset by a pre-set anount
fromthe optical axis Pl of the objective lens 3 to assune an i mge hei ght
yl, to produce a so- <called field-of-view deflection. As the
sem_conductor | aser device 1, enployed as a |light source of the optical

pi ckup device, a gain guiding type sem conductor |aser device, which is a
sort of a double hetero junction senic®nductor |aser elenent, is used.
Wth the double hetero junction sen conductor |aser elenment, . used as a
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disc. Therefore, the gain- guiding type sem conductor |aser elenent can be':
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If such semiconductor laser element is used asa light source
for the optical pickup device, such solution means are used in
which the astigmatic aberration is not produced by the light
beam radiated from the semiconductor laser element tb deteriorate
the OTF characteristics.

Among these solution méans, there is such solution means
in which only a narrow angular portion in the vicinity of the
center of the light beam radiated in the dispérsed state from the
semiconductor laser element is taken out for use for recording
and/or reproduction for decreasing the wavefrgnt aberration which
is the disturbed wavefront surface ascribable to the astigmatic
abgrrgtion proper td the optical beam. With this means for
solution, a collimator lens collimating the light beam radiated
_from thg semicondﬁctor laser element as the diSpe:sed light,
having a smaller value of the numerical aperture on the order of,
for example; 0.13 NA,-is used for reducing the disturbances in
the wavefroﬁt ascribablé to astigmatic aberration. If the
collimator lens with the numerical aperture on the order of 0.13
NA is used, the wavefront aberration when a semicdnductor laser

element with the astigmatic aberration of 25 um is used as a



5 the sem conductor |aser elenent perforns |ongitudinal oscillation of
singl e frequency node, the gain-guiding type sem conductor |aser elenent
performs |ongitudinal nultiple frequency node oscillation, and hence has
such properties that the oscillation is not disturbed by the return |ight
fromthe optical disc. However, fromthe viewpoint of optica
characteristics, the beamwaist of the gscillated i ght of the

gai n-gui ding type sem conductor |aser el’ement within the sem conductor
junction surface (X-Y plane) differs fromthat in a plane perpendicul ar
thereto (Xign¥ atirceaiSi$hoVess M Figsris avdlfe, Specthi €8 W¥thihethbeRNs

wai st is at a point A, coincident wth a mrror surface 1l1a, in the

vertical pladwe (Déngeplofndhe whaivied romitngberratponnwhiBech ist thdughtotanbe

active plane 11b, inwardly of the mrror plane 1l1la, of the sem conductor
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het ween tr¥%é§%ﬁ?%§/ﬁb€¥%h&iing apparatus. The RMS value, required_as the
diffraction limit in the optical disc recording/reproducing
apparatus, is 0.07 2 (mechanical criteripn).

It is possible with this means for solution to suppress the
wavefront aberration ascribable to the astigmatic aberration
proper to the light beam radiated from the semiconductor laser
element. However, because of the poor light beam utilization
efficiency,-the S/N ratio is undesirably deteriorated if the
means for solution is used in a disc recording/reproducing
apparatus performing high-density recording of the information
signals.

As another means for soldtion, an optical element having
different coupling power depending on the direction, such as a
cylindrical 1lens, is used for correcting the astigmatic
aberration proper to the 1light beam radiated from ihe
semiconductor laser element. However, since the pdwer'of the
obtical element is made to diffef depending on the direction, the
surface of the optical element, that is- the lens surface, is not
spherical,.bﬁt is a modified curved surface that cannbt be formed
easily: In connection with the fact that the lens is powerful

and the power is varied depending on the direction, not only the

angular position of the lens relative to the optical axis of the



in Fig.6 is ternmed an astigmatic difference. Thus the point of convergence
of the oscillated light in the junction plane (X-Y plane) differs from
that” in the plane perpendicular thereto (X-Z plane) thus producing an
astigmati c aberration. If this type of the sem conductor | aser .

el ement is used as a light source for the optical pickup device, the
asti'gmatic aberration is.produced by the light beamradiated fromthe

sem conductor |aser elenent, and an inage of the radiated |ight beam i s
formed on the signal recording surface of the optical di sc, using an

obj ective bptiscal A dmeat dat algoowhe postitibadalong the optical axis of

6 by the above-nentioned astignmatic aberration, thus producing a flat

| ongi t udi nbhey lenst eads\tdes alired tdegatral afrst  tahthe edirect fentdependrnieam .
spot lies astride two neighborin recording tracks of the,% tical .disc :
such that BP¥eTetneffli t8 PPaifysted, thus presenting difficulties n

. position adjustment of the optical element.

As means for overcoming thé above~described problems, there
is a semiconductor laser device described in Japanese Patent
Publication No. 05-36767 (JP-B~05~36767). The semiconductor laser
device, déscribed in this publication, has a plan—-parallel glass
element in a light-transmitting window fﬁrmed in a cap overlying
the semiconductor laser element at a pre-set angle for
correcting the astigmatic aberration proper to the light beam
radiated from the semiconductor laser element.

If the semiconductor laser device described in.the above
publication is used in.the optical pickup device employing the
above-mentioned infinite optical system, the convergence point
Fl of the light beam L1 converged by the objective lens 3 so as
tq be illuminated on the optical disc 4 is.cbincident with the
optical axis P1 of.the.oﬁjectiQe lens 3, as shown in Fig.2.
Therefore, the astigmatic aberration at the converging point F1
of the light beam L1 converged by the objective lens 3 may be
maintained corrected 5y the_semiconductbr laéer element. In this
manner, the wavefront aberration ascribable to the astigmatic
abérraﬁion éan be suppressed to a ﬁalue within the RMS value
required as the diffraction limit' by . the optical disc

recording/reproducing apparatus.



function (OTF) characteristics cannot be obtained. I f such

sem conductor | aser elenent is used asa |ight source for the optical

pi ckup devi ce, such solution neans are used in which the astigmatic
aberration is not produced by the light beamradiated fromthe
sem_conductor | aser elenent to deteriorate the OIF characteristics.
Anmong these sol ution neans, there is such solution neans in which only a
narrow angul ar portion in the vicinity of the center of the Iight beam
radiated in the dispersed state fromthe sem conductor |aser elenent is
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wavefront aberration which 1is the disturbed wavefront surface ascri babl e
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is used as a
characteristics at the converging point F2.

Such an optical pickup device of fhe infinite optical system
"is used, in which a device having enclosed therein a gain—guiding
type semiconductor laser element 1 radiating a light bam with a
wavelength of 780 nm is used as a light source, ahd a lens having
a thickness t along the opfical axis P1 of 1.6 mm, a numerical
apertqre NA of 0.45 and a multiplicationlfactor of §, is used as.
an objective lens 3: The 1light beam radiated from " the
semiconductor laser.element 1 at this time is not corrected as
to the astigmatic aberratioh. Thus the light beam L1 radiated
from the semiconductor laser element 1 is subjected to the
astigmatic aberration on the order of 25 pm.

The respective types of the saberration produced at the
converging point F2.of the light beam L2, that is on the signal
recording éurface of the opﬁical disc 4 when the objective lens
3 of the opfical pickup device is displaced in a direction at
right angle with the optical axis Pl, that is in the tracking
direction shown by arrow T in Fig.4, are aé shown in Fig.7. That

is, the coma aberration at the converging point F2 of the light



7 i ght source is 0.056 Ain RV5 value, which is within the RV6 val ue
range of the wavefront aberration which is thought to be a diffraction
limt required in t he opti cal di sc recording/reproduci ng
apparatus. The RVS value, required as the diffraction limt in the optical
di sc_recordi ng/ reproduci ng apparatus, is 0.07 [err] (nechanical
criterion). It is possible with thiig means for solution to suppress
the wavefront aberration ascribable to the astignatic aberration proper
to the |ight beamradi ated fromthe sem conductor |aser elenent. However,

because ofbédie I Als laisgRhoBabyuhi cuzati A iAf Figiepcwhilact bpwd s edls
undesirably deteriorated if the mneans for solution is used in a disc

recor di ng/akeroadtitongisappashows perfeorcvinve [8ighinidhid 1%, rdeerals higmgt ide
i nformation signals. -

" aberration is as shown by a curve Al, while the wavefront
aberration of the light beam in its entirety is as shown by Rl
in Fig.T7.

It is seen from the results shown in Fig.7 that, if the
objectivellens 3 is deflected a distance not less than 0.4 mm in
a direction lying at right angles with its optical axis from its
initial position, the wavefront aberration exceeds 0.006 1 in
terms of the RMS value, whereas, if the objective lens is
deflected to a positiéh'of 0.5 mm, the wavéfront aberration
exceeds 0.007 A in terms of the RMS value, thus surpassing the
RMS value of 0.07 A éf the wavefront abepration thought to be the
diffraction limit requ{red in the optical disc recording and/or
reproducing app;ratus. Thus, at an outer edge of the field of
view of the objective lens 3, the.RMS value 0.07 A of the
wavefront aberration, thought to be the diffraction limit, is
surpassed, thus deteriorating the' OTF characteristics and
disabling correct recording and/or reproduction of _the
information signals to the optical disc 4.

it may be seen from the results shown in Fig.7 that
deterioratioﬁ in the wavefront.aberration by the field—qf—view
deflectioh of'the objective lens 3 is mainly ascribable to the

astigmatic aberration.

In the optical pickup device of the finite optical system,



As anot her means for solution, an optical elenent having different
coupling power depending on the direction, such as a cylindrical |ens,
used for correcting the astigmatic aberration proper to the 1light .
beam radiated from the sem conductor |aser elenent. However, since the
power of the optical elenent is made to differ depending on the direction,
the surface of the optical elenent, that, is the |l ens surface, is not
spherical, but is a nodified curved surface that cannot be fornmed easily.

In connection with the fact that the lens is powerful and the power is

vari ed depgnélidit ivalt BRadhé6Fistic @t @RbYcdieergitiIpyinROFRt Hae €5 tie
lens relative to the optical axis of the. '
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|l ens and the direction related to the direction-dependent power need to be':

adj ust ed, VhtB phesthickness ¥ il theeohjective lens 3.

The optical characteristics at the converging point F2 due

S

to the field—-of-view deflection of the objective lens 3 when the
thickness t of the objective lens 3 is changed are now
- illustrated. _

The light beam of 780 hm, radiated from the gain-guiding
type semiconductor laser dévice 1, employed here, has been
corrected for astigmatic aberration by astigmatic aberration
correction means as described in Japanese Patent Publication
No.05-36767 (JP-B~05~36367). That is, the optical characteristics
generated by the field-of—view deflection of the objectiye lens
3 are illustrated. '

The coma aberration, Ispherical aberration, astigmatic
aberration and wavefront aberration at_the converging point F2
of the objective lens 3 having a thickness t of 1.6 mm_are of
characteristics shown in Figs.8, 9.' 10 and 11. ”The coma
aberration, spherical aberrationf astigmatic aberration and
wavefront aberration qt the converging point F2 of the objective
lens 3 having a thickness t 6f 2.2 mm are of characteristics
shown in Figs.8, 9, 10 and 11. Also the coma aberration,
spherical aberfation, astigmatic aberration and wavefront
.aberration at the converéing point F2 of the objective lens 3

having a thickness t of 2.8 mm are of characteristics shown in



position adjustnment of the optical el enent. ‘As neans for overconing

t he above-descri bed problens, there is a sem conductor |aser device

descri bed in Japanese Patent Publication No. 05-36767 (JP-B-05-36767). The
sem conductor | aser device, described in this publication, has a

pl an-parallel glass elenment in a light-transmtting wi ndow forned in a cap
overlying -the sem conductor |aser glenment at a pre-set angle for
correcting the astigmatic .aberration proper to the Iight beam radiated
fromthe sem conductor |aser elenent. | f the sem conductor | aser

devi ce dewargish®qd ion tllbeapboye. publication is used in the optical pickup
devi ce enploying the above-nentioned infinite optical system the
convergence poiltt if1 sgen hérbmghthdeaborve coeswltrd thptt hbhebjwf\mnltens

3 soas to be illumnnated ontheotlcal disc 4 is c0|nC|dent with the

optical afberpetipn due £9j thej fieldmizvien %‘fﬂ/ﬁf’ errF.qf Ahe phdestdve
(he 25t SBIE LOThbREA S URIMRa PR ndf Y HF iR 1
st e bapis, Bt B 0
W thin theotdjdztstdielenedsi rasl @s lhhged'léﬁtfe&ﬂl | Orhus M by by nkli@agihigCalhdgli SC
thickness t of the objective lens 3, it becomes possible to
improve the wavefront aberration and the astigmatic Qherration
significantly influencing the wavefront aberration. .
However, if the thickness of the objective lens is
increased, thé optical pickup device is increﬁsed in size, so0
that the demand for size reduction cannot be met. If the
objective lens is increased in size, the lens holder holding the
objective lens is incfeaéed in size, while the objective lens
driving'device for displacing the objective lens in bbth the
tracking direction and in the focusing direction perpendicular
thepeto is increased in size, thus leading to the increased size
'of the optical pickup device. | | |
 SUMMARY OF THE INVENTION
It is thergfore an objeét of the present invention to
provide an optical dévicé'which resoclves the .ahove—mentioned
problem.
It is another object of the present invention to provide an

optical pickup device which resolves the above—mentioned

problem.

1



recor.di ng reproduci ng appar at us.

9 However, with the optical pickup device configured as an infinite
optical systemfor mnimzing the size of the apparatus, as shown in
Fig.3, the objective lens 3 is subjected to field-of- view deflection in
which the lens is shifted to an outer peripheral side fromthe optical
axis of the light beamL2 in the disperi d state as shown in Fig.4 thus
deteriorating the optical characteristicS at the convergi ng point F2.
Such an optical pickup device of the infinite optical system is used, in
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| aser elenent 1 radiating a light bamwith a wavelength of 780 nmis used

as a |ightopbiecgk, danica liagdudingng senivakdestonr bdsery ehemepti ead i s

P1L of 1.6 mm a nunerical aperture NA of 0.45 and a nultiplication factor

of 5, is uSerregtion unit. The semiconductor laser element has astigmatic
difféerence in which the oscillated light has a light emission
point in a semiconductor junction plane different from a light
emission point in a plane perpendicular thereto. The correction
unit is arranéed in a light path of the light beam radiated from
the semicopductor laser elément for over—correcting the
astigmatic aberration of the light beam radiated from the laser
element. _

According to the pbesent invention, there is provided an
optical pickup device including a light source, an objective lens
and a correction unit. The light source radiates a light beam.
The objective lens coﬁVerges the'light beam in the dispersed
state radiated from the liéht source. The correction unit is
arranged in the outgoing light path of the light beam fqdiated
_from the 1light source for over—-correcting the astigmatic

'éberpation radiated from the light source. |
| With the above-described optical device and the optical
'pickup device according to the present iﬁvention, in which the
astigmatié aberration in the .light beam radiated from the
semiconductof laser light.Source is over—-corrected, it becomes
possible to'éﬁﬁpress the astigmatic aberration prbduced when the
objective lens for converging the light beam in the dispersed

state is deflected away from the optical axis of the iight beam



an objective lens 3. The light beamradiated fromthe sem conductor | aser
elenent 1 at this time is not corrected as to the astigmatic aberration.
Thus the light beam L1l radiated fromthe sem conductor |aser elenent 1 is
subjected to the astigmatic aberration on the order of 25 [err]m

The respective types of the aberration produced at the converging point F2
of the light beam L2, that is on the siggal recording surface of the
optical disc 4 when the objective lens 3 of the optical pickup device is
displaced in a direction at right angle with the optical axis Pl, that is
in the traedingedifreed ithe IM@Nt RpuaceQWthuish skippréssahg dheShawefirtnt

Fig.7. That 1is, the coma aberration at the converging point F2 of the

| i ght aberration which otherwise signifdcanbdym L2fifecks shdhe by
acurve Al in Fig.7, while the spherical , aberration is as shown by a curve’:
S1 in Fi g.reconidngdrepreducing characteristics.

Thus the present invention provides an optical device and
an optical hickup'device capdblq of satisfying thelRMS value
required as a diffraction limit required in an optical disc
recording and/or reproducing apparatus, while enabling further
size reduction of the apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a side view showing an optical pickup device
constructed in accordance with the infinite optical system.

Fig.2 is a cross—sectional side view of the optical pickup
device of Fig.l showing the state in which the objective lens has
‘been defected in the téacing direction.

Fig.83 is a side view showing an optical pickup device
constructed in accordance with the finite optical system.

Fig.4 is a cross—sectional side view of the optical pickup
device of Fig.3 showing the state in which the objective lens has
;Seen defected in the tracing direction.

Fig.5 illustrates the astigmatic aberration of the gain-
gui@ing type semiconductor laser. |

Fig.6 illustrates, similarly to Fig.5, the astigmatic
dberration of the gain—-guiding type semiconductor laser.

Fig.7 1illustrates the relaﬁién' between the amount of

displacement of the objective lens and respective aberrations in



aberration is as shown by a curve Al, while the wavefront aberration of
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beamin its entirety is as shown by Rl in Fig.7. It is
the results shown in Fig.7 that, if the objective lens 3 is
a distance not less than 0.4 mmin a direction lying at right
hits optical axis fromits initial position, the wavefront
exceeds 0.006 1 in terns of jHe RVS val ue, whereas, if the
lens is deflected to a position of 0.5 mm the wavefront

exceeds 0.007 [err] in ternms of the RVS val ue, thus surpassing
the RMS veheeoptifaDpickugd d¥videe skowael iontFighdr.rati on thought to be the

nlimt required in the optical disc recording and/or

lens 3, the RMS value 0.07 A of the _wavefront aberrati on,
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generation of coma aberration and the displacement of the

objective lens in case the thickness of the objective lens is
changed. _

Fig.10 illustrates, similarly to Figs.8 and 9, the state éf
generation: of coma aberration and the displacement of the

objective lens in case the thickness of the objective lens is

“changed.

'Fig.11 illustrates, similarly to Figs.8, 9 and 10, the state
of generation of coma-aberratiOn and the displacement of the
objective lens in case the thickness of the objective lens is
changed.

Fig.12 is a cross—sectional side view showing an optical
pickup device according to the present invention.

Fig.13 is a cross—sectional side view of the optical pickup
device of Fig.12 in which the objective lens has been displaced
in the trécking direction. |

Fig.14 illustrates-correction of the astigmatic aberration
by a plan—-parallel plate.

Fig.15 1is a cross-sectional. side view showing another

embodiment of the optical pickup device according to the present

.
-



defl ection of the objectirve lens 3 is nainly ascribable to the astigmatic

aberration. In the optical pickup device of the finite optica
system the optical characteristics at the convergi ng point
F2 due to the field-of-view deflection of the objective lens 3 are al so
varied with the thickness t of the objective |ens 3. The opti cal

characteristics at the converging point F2 due to the field-of-view
defl ection of the objective | ens 3 when ke thickness t of the objective
|l ens 3 is changed are now illustrated. The |ight beam of 780 nm

radi ated fgQuetHfoai N-guiding type sem conductor |aser device 1, enployed
here, has been corrected for astigmatic aberration by astigmatic

aberration corFegtien icans assesddtionhaln dipanedewPaseewimiblai cefi ph
" another embodiment of the optical_pickup device according to the
present invention.

Fig.17 shows the relation between the dispiacement of the
.objective lens and respective aberrations in the optical pickup
device shown in Fig.16.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings, an optical dgvice according to
the present invention and an optical pickup device employing the
optical pickup device are explained in detail.

Referring to Fig.12, the optical pickup device includes a
semiconductor laser .device 12 having enclosed -therein a
semiconductor laser elément 11 radiating a light beam L3, anﬁ a
grating 13 for dividing the light beam L3 radiated from the
semiconductor laser device 12 into a main beam and two side
beams. The optical pickup device also includes a beam splitter
15 for transmitting the 1light beam L3 radiated from the
semiconductor laser element 11 and.for reflecting ; return beam
L4 reflected from the optical disc 14, and an objective leﬁs 16
for converéing the light beam L3 transmitted through the beam
splitter 15 for radiating the éonverged light beam L3 as a beam
spot on a signal recording surface 14a of the optical disc 14.

‘The present optical pickup device is constructed in

accordance with the infinite optical system in which the light



No. 05- 36767 (JP-B-05-36367). That is, the optical characteristics
generated by the field-of-view deflection of the objective lens 3 are

il lustrated. The conm aberration, spherical aberration, astigmtic
aberration and wavefront aberration at the converging point F2 of the
objective lens 3 having a thickness t of 1.6 nmare of characteristics
shown in Figs.8, 9, 10 and 11. The coma ,gberration, spherical aberration,
astigmatic aberration and wavefront aberration at the convergi ng point F2
of the objective lens 3 having a thickness t of 2.2 mm are of

charact er ibramsL3 shedhated &sgshe, digfused daghtlfrom ddet remimemductor

aberration lF)herl cal aberration, ast |ttgmat ic aberration. and wavefront

aberrat i ontafet helemeter dindspsemseds W fald oM etheyabigrtive gpandt,
EQICKEESZ. ,éﬁgg%lgeggha§§;PIm&%EHfMQBGQESEoCEeSgbgwhrékd by the objective.
lens 16 for being radiated on the optical disc 14.

Referring to Fig.12, the optical pickup device accordiﬁg
to the present invention includes a Wollaston prism 17 for
separating the return light L4 reflected'by the optical disc 14,
transmitted through the objective lens 16 and reflected by the
beam splitter 15 into at least two linear polarized light beams
having different directions of polarization, and a multiple lens
18 for converging the return light L4 transmitted through the
Wollaston prism 17. The optical pickup deﬁicg also includes a
light detectop, such as a phoﬁodetector 19, for detecting the
return light L4 convergéd'by the multiple lens 18 for outpﬁtting
information signals recorded on the optical disc 14, focusing

.error signals and tracking error sign#ls for contrblling the
objective lens 16.

Specifically, the optical.pickup device according to the
éresent.invention reads out information signals recorded on the
optical disc 14 by converging fhe light beam Lﬁlradiated by the
semiconductor laser element 11 by the objectifé lens 16 for
radiation qn'the signal recording surface 14a of the optical disc
14 and by détecting the return light L4 reflected by the signal
recording surface 14a of the optical disc 14 by the photodetector

19. The optical pickup device includes an objective len: driving



It is seen fromthe -above results that the wavefront aberration due to the
field-of-view deflection of the objective Ilens 3, influencing the OTF
characteristics, are mainly affected by the astigmatic aberration and al so
by the thickness t of the objective lens 3 to a |arge extent. Thus, by
increasing the thickness t of the objective lens 3, it becomes possible to
| nprove the wavefront aberration and the astigmatic aberration '
significantly influencing the wavef ront Boerrati on. However, if the

t hi ckness of the objective lens is increased, the optical pickup device is
i ncreased 49V idee, nat shioyn,t Konjepanteebly sifpcusdagcttingn thehmbt beamnd3 | f
the objective lens is |ncreaﬁed in size, the_ |lens hol der hol ding thg

obj ecti ve $UNEeTEe] hP¥oddgy PRIEPYAVe Hians ¢ & 85'1 cthe v&igppd ’éﬁ‘ivdr?d’
device for ‘fxlfsa%' a%lf” th&‘ OPLEC G &‘i |1'an {1? scarn%%' Ngpd! dﬁﬁ"&téé%”
and in the Tocusi ng |re ere

['on perpen 0°l1S ease
thus | eadi pged i inle tPaéraged t%'ez%ptqfcahhed% i £4l p*r‘ﬁli%p dﬁ@cﬁﬁve SM\‘M“\RY

OF THE | NVENTI ON It is therefore an object of the present invention

to provi der bvingt dealiceéevpertodms h contelolessé hea haahoviey ndisipdaedng the
objective lens 16 in the focusing direction parallel to the
optical axis of the objecfive lens as_shdwn by arrow F in Fig.12
and in a tracking direction pérpéndicular to the optical axis as
indicated by arrow T in Fig.12, based on the focusing error
signals aﬁd the tracking error signals detected by the
photodetector, the light  beam L3'radiated on the optical disc 14
via objective lens 16 will be correctly focused on the signal
recording surface of the optical disc 14 while correctly scanning
the pre—set recording track.

Since the optical pickup device is constriucted in accordance
with the finite optical system, when the objective lens 16 is
displaced responsive to the tracking error signals in the
tracking dipection perpendicular fo its optical axis indicated
by.arrow T in Fig.12, the objective.lens 16 is displaced towards
an outer periphery from the Opt1ca1 axis P3 of the light beam L3
which is in a state of d1ffused light about the point of
oscillation of the semiconductor laser element 11 as center, as
indicated in Fig.13. The point of convergence F3 of the light
beam L3, converged by this objectivé lens 186 so as to be

converged on the optical disc 14, is offset a pre-set distance



pr obl em It is another object of the present invention to provide an
optical pickup device which resolves the above- nenti oned pr obl em
13 According to the present invention, there is provided an optical
device including a sem conductor |aser element and a .correction unit. The
sem_conductor |aser elenent has astigmatic difference in which the
oscillated light has a light em ssion point in a sem conductor junction
plane different froma light emnm ssion pb?nt in a plane perpendicul ar
thereto. The correction wunit is arranged in a |light path of the |ight beam
radi at ed frei théopSitd LUK TFY of IR obgleetdNe lkAk 16VELH- 6POAGEE | &G

the astigmatic aberration of the light beamradiated fromthe |aser
el ement. image height y2, that is field—-of-view deflection. That is, by
" the field-of-view deflection, the present optical pickup device
undergoes deterioration in the optical properties on the outer
peripheral side of the objective lens 16, in particular the
astigmatic aberration and wavefront aberration ascribable to the
astigmatic aberration. _

As the semiconductor laser element 11, used as the light
source for the present opﬁical pickup device, the above-—
mentioned gain-guiding type semiconductor laser element, which
is a sort of a double' hetero Jjunction semiconductor laser
element,. is used. However, from the viewpoint of optical
characteristics, the béam waist of the oscillated light of the
gain-guiding type semiconductor laser element within the
semiconductor junction surface (X-Y plane) differs from that in
a plane perpendicular thefeto (X-Z plane), as shown in Figs.5 and
6. Specifically, the beam waist is at a point A, coincident with
a mirror surface lla, in the vertical plaﬁe (X~Z plane), while_
being at a point B, intruded inwﬁrdly of.the mirror plane 1lla
to an active plane 11b of the semiconductor laser device 1 within
the juhctionlplahe (X-Y plane)...Thus the point of convergence
of the oscilfated light in the junction plane (X-Y plane)'differs
from that in the plane perpendicular thereto (X-Z plane) thus
producing an'astigmatic difference AZ. Therefbre,_if this sort

of the semicondﬁctor laser element 11 is used as a light source,



According to the present invention, there is provided an optical pickup
device including a light source, an objective lens and a correction unit.
The light source radiates a |light beam The objective | ens converges the
light beamin the dispersed state radiated fromthe |ight source. The
correction unit is arranged in the outgoing light path of the Iight beam
radiated fromthe |light source for over- Sgrrectlng the astigmatic
aberration radiated fromthe |Iight source’ Wth the above-descri bed
optical device and the optical pickup device according to the present

i nvention, the Weah spoet mﬂitmminmghbemmam(ﬂBinohhergéghbmyxha s hghal ed
fromthe sem conductor |aser light source is over-corrected, it becones
possi bl e t Fesopeiags surd aget ldaaoifc thgcPPiiran ﬁiéﬂuééd1ﬁhéhstﬂéte@b}ec@|ve
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14 Thus, in the semiconductor laser device 12 employed in the
optical pickup device according to the present inventibn; a
light—-transmitting plan-parallel flat plate 23 of a pre-—set
thickness dl, having facing lighp-transmitting surfaces parallel
to each other, is provided in an opening 22 formed in a cap 21
adapted to sheathe the semiconductor laser element 11. The
opening 22 is adapted to be passed through b& the light beam L3
radiated from the semiconductor laser element 11 and which is in
the dispersed state. The pian—parallel flat ﬁlate 23 is formed
of a material through which the light beam L3 radiated from the
semiconductor laser element 11 .can be transmitted without
attenuafion, and is constituted by a glass or_sgpphire plate, or
by a transparent synthetic resin plate having light-transmitting
properties.

The plan—-parallel flat plate 23 is provided so that the
'normal line vector Hv thereof will be inclined at a pre-set angle
U, in the semicondﬁctor-junction surface (X-Y plane) of the
semiconductor laéer'element 11 with respect to.the optical axis
of the light beam L3, as shoﬁn in Figs.12 and 14. By providing
the pién—pafallel flat plate 23 in this manner, the astigmatic
aberration proper to the 1light beam L3 radiated from the

semiconductor laser element 11 is over—corrected, that is



radiated fromthe |ight source, thus suppressing the wavefront aberration
whi ch ot herw se significantly affects the recording/reproducing
characteristics. Thus the present invention provides an optica
device and an optical pickup device capabl é of satisfying the RVS val ue
requi.red as a-diffraction [imt required in an optical disc recording
and/ or reproduci ng apparatus, while enabling further size reduction of the
apparatus. BRI EF DESCRI PTI ON OF THE DRAVRAGS Fig.1 is a side view
showi ng an optical pickup device constructed in accordance with the

i nfinite opbreactedstsdmMthat thd i gsigmatti €I asérsL£tiownascrivleb Ve evoothkhe
optical pickup device of Fig. 1 showng the state in which the objective

| ens has betasuetibetdiffareanee AZacPreduted iy dihe fact thag Ihespgiptdef
ViEM/ShOMﬁn% an optical pickup device cqnstructed. in accordance wt

h L
(ot o0 Rdavesganes of the Bagii 1aged’ digke" Ius tnsndunerdany piansr (RnE.

oBt1 o P Giha)CRY S8R AN g i 4R, AREECSRLS,
the asti gmgly GraAPes1atd PeMbeddc BN thereto, that is in the X-Z plane,
will be produced in the reverse direction.
The state in which.the astigmatic aberration proper to the
light beam L3 radiated from the semiconductor laser element 11
is over—corrected the.plan-parallel flat plate 23 is expfiinéd
by referring to Fig.l14.
In the following description, it is assumed that the light
beam L3 is in the converged state, only for ease in explanation.
The same holds for the case in.which the light beam L3 is in the
dispersed state. It is assumed that the'planepar£11e1.f1at plate
is disposed in the light path of the converged light beam L3
{(numerical aperture NA = sin U) so that the above-mentioned
normeal line is set af a pre—setlangle U, in the semicénductor
junction plane (X-Y plane) of the-semic§nductor laser deﬁice 11
with respect to the optical axis of the light beam L3. Accdfding
to, for example, W. J.-Smith, Meodern Optical Engineering (ﬁééraw- f
Hill N.Y. 1996), the astigmatic aberration produced at this time

is given by the following equation (1):

d, .| N%os’U, )
N2 _sin?2U| N2 - sin?Up-




gui di ng type sem conductor | aser. Fig.6 illustrates, simlarly to
Fig.5, the astigmatic aberration of the gain-guiding.type sem conduct or
| aser. Fig.7 illustrates the rel ati on between the anount of

di spl acenent of the objective |lens and respective aberrations in

15 _the optical pickup device shown in Fig.3. Fig.8 illustrates the
state of generation of coma aberration and the displacenent of the
objective lens in case the thickness 0f¢% he obj ective |l ens is changed.

Fig.9 illustrates, simlarly to Fig.8 the state of generation of
coma aberration and the displacenent of the objective |ens (1) case the
t hi ckness of the objective lens is changed. . Fig.10 illustrates,

simlarly to Fi gn Stheda®ove hequatienof(1), 1t is the distance up to the
convergent point in a plane containing the normal line and the
optical axis (meridian plane) and ls is a distance up to the
converging pont in a plane normal to the meridian plane (sagittal

plane).

On the other hand, the coma aberration coma, is given by the

following equation (2):

dUUN?-1)
2N |

coma :.=

(2)
By selecting the plate thickness di and the angle of

inclination U, for a pequired numerical aperture, such as NA =
i sinU = 0.2, based on the above equations (1) and (2), the
astigmatic aberration of the opposite sign with respect to the
astigmatic aberration produced by the semiconductor laser element
11 ma& be produced. At this time, the coma aberration, produced
simultanéously, can be suppressed to a sufficiently low level.
That is, for the optional angle of inclindtion U, # 0, the
astigmatic aberration is given by:
As = 1s - 1t < 0. |
Therefore, if thé meridian plane is taken as the

semiconductor junction plane of the semiconductor laser element



generation of coma aberration and the displacenent of the objective |ens
in case the thickness of the objective lens is changed. , Fig. 1l
illustrates, simlarly to Figs.8, 9 and 10, the state of generation of
coma aberration and the displacenent of the objective lens in case the

thi ckness of the objective lens is changed. Fig.12 is a
cross-sectional side view showi ng an optical pickup device according to
t he present invention. Fig.13 is a ggoss-sectional side view of the

optical pickup device of Fig.12 in which the objective | ens has been

di spl aced 14N tha€ sk 2Eha e HBHtABn of the Féémidondddid s af fife £ Yidafenton
of the astigmatic aberration by a plan-parallel plate. Fig.15 is a

Cross-sectibrain dedoveirevo SPhestal) tan@roduce Ehdods tiigiatofc tdise it ival of
pi ckup device according to the present
the opposite sign.

Meanwhile, both the astigmatic aberration and the coma
aberration are proportionate to the plate thickness dl of the
plan-parallel flat plate 23, while the astigmatic aberration is
proggrtionate substantiilly.to squares of the inclined angle U,
and .the coma aberration is proportionate to the inclined angle
Up,. Thus it is preferred to use a smaller thickness dl of the
plate 23 and a larger inclination angle U, for achieving a pre-
set over—correction of the astigmatic aberration, since then the
coma aberration, produced simultaneously, can be suppressed to
a lower value.

It is seen from above that the astigmatic aberration of the
semiconductor laser device 11 can be over—corrected by the plan~-
parallel flat p;ate 23 of a pre-set plate thickness dl provided
at a pre-set angle of inclination U, of the ndrmal line vector in
the semiconductor junction plane of the semiconductor laser
device 11 (X-Y plane) with respect to the optical axis.

The amount of over—correction of the astigmatic aberration
of the semiconductor laéer device 11 is sﬂch that, if, when the
objective leﬁs 16 is deflected in a tracking direction norm;l to
its optical axis responsive to the tracking error signal, and the
point of convergence F3 of the light bam L3 radiated on the

optical disc 14 is deviated towards the outer peripheral edge of



16 invention. Fig.16 is a cross-sectional
anot her enbodi nent of the optical pickup device according to the present
i nvention. Fig.17 shows the relation between the displacenent of the
obj ective lens and respective aberrations in the optical pickup devi ce
shown in Fig.16. DESCR PTION OF THE PREFERRED EMBODI MENTS Referring
to the draw ngs, an optical device according to the present invention and
an optical pickup device enploying the ,gptical pickup device are explained
in detail. Referring to Fig.12, tﬁe optical pickup device includes a
sem condugh or b 3347 odeyiCh b7 RAK b ILUGA RN N the SR GANGIEL Oe
| aser el enent radiating a light beamL3, and a grating 13 for dividing
the i ghtab@%ﬂ;&@w atfiatrad ifon0 Briddvicede@ueonduther akasgmatibui ghetpat v a
mai n beam and two side beanms. The optical pickup device also includes a ‘1
bﬁam spl i bi-eger 1o ther setieosductomnglasere deviight 11 bengh the amoyagtapédther om
the semco '
asgig§LEQc|:§§¥réﬂfggﬂgréghéggjJug't%ekkgc%hggc%iggtngsbfgnare

side view showing a stil

A um, the astigmatic abérration of -1/2Aum, that is over-—
correction, is applied to the light beam L3 radiated from the
semiconductor laser device 11. B& applying this over—correction,
the astigmatic aberration of A 'ym on the outer peripheral edge
of the field of view of the objective lens 16 becomes equal to
1 /2 Aum. At this time, if the point of convergence F3 of the.
light beam L3 is situated on the optical axis P3 of the objective
lens 16, the light beam L3 radiated from the semiconductor laser
device 11 is subjected to the astigqgtic .aberration
substantially correspdnding to the over-corrected.astigmatic
aberration. However, the astigmatic aberration over the entire
field of view of the objective lens 16 can be éuppressed to a
value not larger than a pre—-set value.

Since the astigmatic aberration can be suppressed to a value
not larger than fhe pre—set valﬁe, the wavefront aberration,
significantly influenced by the astigmafic aberration, can also
be suppressed ta a value not larger than the pre-set value. In
this manner,'the RMS value of the wavefront aberration, thought
to be the diffraction 1limit required by the optical disc
recording and/or reproducing apparatus, can be suppressed ﬁo a

value not higher than the prescribed value, thereby preventing



L4 reflected fromthe optical disc 14, and an objective lens 16 for
converging the light beamL3 transmtted through the beam splitter 15 for
radi ati ng the converged |ight beam L3 as a beam spot on a signal recording
surface 14a of the optical disc 14. The present optical pickup device
I's constructed in accordance with the infinite optical systemin which

the Iight 17 beam L3 radi ated as
the diffused light fromthe sem conduct o253 | aser elenent 11 is caused to

fall on the objective lens 16, w thout being collinmted, so as to be

iznver ged EXtEP?oPQi:?&ﬁ' v e tlh%”%'l"k6 i r U 10 13l Oéh&tbﬁr?té&ﬂ‘eéiﬁ SC

Referring to Fig.12, the optical pickup device accor to the
present i nyesbi@ing naldytas repddiduration pii &mlintat-maseaﬁrstgﬁgléheorelwr n
light L4 reflected by the optical disc 14, transmtted through the 4
obj ective bphicab dibgcrtdlected by the beamsplitter 15 into at |east two
i near - polarlzed | i ght beans
The correction means for applying the over—correction to the
astigmatic aberration of the light beam L3 radiated from the
semiconductor laser element 11 corrects the astigmatic aberration
produced by the fact that the point of convergence of the
oscillated light in the Jjunction plane (X-Y plane) of the
semiconductor laser element 11 differs from that in the plane
perpendicular thereto, that is in the X-Z plane. Therefore, a
cylindrical lens, which is an optieal element having different
coupling power values eepending'on the direction, ma& be ueed in
substitution for the plan-parallel flat plate. In such case, the
cylindrical lens needs to be positioned in orientations depending
on the point of convergence in the junction plane (X;Y plane)
different from that in the plane normal thereto (X-Z plane).
In the above embodiment, the sole plan-parallel flat plate
23 is used for applying the over—correction to the astigmatic
aberration of the light beam L3 radiated by the semiconductor
laser element 11. However, since plan-parallel flat plate 23
having a thickness dl sufficient to apply a pre~-set amount of
over—correction of the astigmatic aberration suffices, the plan-
paralle; flat plate may also be constituted by two to three such
plates. |

The correction meane for applying the over—correction to the



having different directions of polarization, and a nultiple lens 18 for
converging the return light L4 transmtted through the Wllaston prism17.
The optical pickup device also includes a |ight detector, such as a

phot odet ector 19, for detecting the return |ight L4 converged by the
multi-ple lens 18 for outputting information signals recorded on the
optical disc 14, focusing error signaISjgyjtracking error signals for
controlling the objective |ens 16. pecifically,, the optical pickup
device according to the present invention reads out information signals

recorded oasthigma®Pti GHerdiatGold &y emavVer gy bbeml iIght rhesatés b3di ehed
by the sem conductor |aser element 11 by the objective lens 16 for

radi ati on eemibendughalr rleserdigiemant atk by clsdecbeptrioastitduted bd amd

by detecting the return light L4 reflected by the signal recording surface-:
14a of thehgpegraphin artigadyelamephrpitdad dhat1dt vap appl¥athpiexep-

devi ce inCkggggcggogbg?C£ﬁgeaé€q§h£¥igi£§eration as described above.

In the above description, the plan-parallel flat plate 23
is provided in the window 33 of the cap 21 of the semiconductor
laser dévice 12 for applying the over—corfection to the
astigmatic aberration of the light beam L3 radiated by the
semiconductor laser element 11. That is, the over-correction is
applied to the astigmatic aberration of the light ﬁeam L3 by the
semiconductor laser device 12 itself. However, the plan-parallel
flat plate 23 may also be provided bétween the semiconductor
laser device 12 and the grating 13 outside of the semiconductor
laser device 12. In this case, a light trqnsmitting plate 25 of
glass or the like, capable of simply transmitting fhé light beam
L3 radiated from the semiconductor laser element_ll, is arranged
in the opening 22 of the cap 21 of the semiconductor laser device
12 for hermetically sealing the inside of the cap 21. This light
transmitting plate 25 is arranged at right angles with the
optical axis of the light beam L3. In éhis case, the plan-—
parallel flat plate 23 is constituted by a material through which
the light béam can be transmitted by the semiconductor.laser
element 11 without attenuation, and specifically is formed by a
glass or sapphire plate, or-by a transparent synthetic resin

plate having light-transmitting properties. The plan-parallel



18 device, not shown, for correctly focusing the Iight beam L3 converged
by the objective lens 16 on the signal recording surface of the optical
disc 14 for correctly scanning the pre-set recording track of the optical
disc 14. This objective lens driving device perforns control so that, by
di splacing the objective lens 16 in the focusing direction parallel to the
optical axis of the objective lens as shown by arrow F in Fig.12 and in a
tracking direction perpendicular to the Zptical axis as indicated by arrow
T in Fig.12, based on the focusing error signals and the tracking error

signal s dekggt egh e td3 mah@186CHECESst iR ldl 8Pt pharAnLB108dEat RUsON {he

optical disc 14 via objective lens-16 wll be correctly focused on the
signal rethedoptyical f@micekuy devd et istmiwndiine Fig.whi,| e egpliadrligatchems ng
the pre-set recording track. Since the optical pickup device is

const r uct e@si aAngeRbiemhcelengnt hawing difd eggntc goupdnenpowrendenending
RN S CRL MR N T RN e i R
arrow T i”p@ﬂﬂ1}%1 Eggtoghgggiyg.lens 16 i s displaced towards
In the above—described embodiments; shown in Figs.12 to 15,
over—correction is applied to the lighi beam L3 radiated from the
semiconductor laser element 11 by the plan-parallel flat plate
23 arranged at one point. Alternatively. the over—corréction-may
be applied for correcting the astigmatic aberration produced by
the objective lens 16 which is deviated towards the outer
vreripheral edge of the field of view of the objective lens 16
after correction not going so far as to over—correct the
astigmétic aberration generated in the semiconductor laser
element 11, that is after correcting the astigmatic aberration
‘substantially to zero.
The optical pickup device, shown in Fig.15, uses a
semiconductqf laser element 31 in which a first plan—parallel
"flat plate 32 for applying the correction which does not go so
far as to over—-correct the astigmatic aberration produced in the
semiconductor 1laser element 11, that is .for .corrgcting the
astigmatic aberratioq ~substantially to zero, as shown in Fig.16.
The semiconductor laser element 11 enclosed within the
semiconductor laser element 31 uses a gain-guiding_ type

semiconductor laser element 31. This semiconductor laser has the



an outer periphery fromthe optical axis P3 of the Iight beam L3 which
in a state of diffused 1ight about the point of oscillation of the
sem conductor |aser elenent 11 as center, as indicated in Fig.13. The
poi nt of convergence F3 of the Iight ‘beam L3, converged by this objective
| ens. 16 so as to be converged on the optical disc 14, is offset a pre-set
19 fromthe optical axis
P3 of the objective lens 16 to produce af® i mge height y2, that is
field-of-view deflection. That is, by the field-of-view deflection, the

present ophk€akmRtEKURbESYAESon uaﬁeﬁgoﬁrﬁ det grj of @£s9np1£hl£@r@p£épaélat

di st ance

properties on the outer peripheral side of the objective lens 16
particul arpthee aatngndebaberga&ssnpaadewaveﬁranthﬁ@ﬁmes&|dn1dﬁanbaﬁhe
astigmatic aberration. - As the sem conductor |aser elenent 11,

to the

used as thanfi ghrefragtdve findexhN pfedeht isoplaced phclhe orening 23 hef

above-

the cap 21 within the semiconductor junction plane (X-Y plane)
of the semiconductor laser element 11 with the inclination angle
U, of 45°,

As = 1, - 1, = ~0.025 mm = —25um
from the above equation (1). Since the astigmatic aberration of
the gain—-guiding type semiconductor laser is approximately 25 um,

the astigmatic aberration of the light beam from the

semiconductor laser can be corrected substantially to 0. The coma

aberration produced at this time is approximately 0.02 A in RMS
value which is negligible.

In the optical pickup device, shown in Fig.16, a second
plan~parallel flat plate 33 is arranged-betweeh the gratinglls
and the first plan-parallel flat plate 32 provided on the
semiconductor laser device 31. When thé objective lens 16 is
displaced responsive to the tracking error signal in the tracking
direction.normal to its optiéal axis, such that the point of
convergence F3 of the light beam L3 radiated on the optical disc
14 is offset towards the outer periphefal.edge of fhe field of
view of the'objective lens 16, as in Fig.13, the second blan—

parallel flat plate 33 applies the astigmatic aberration opposite

to the astigmatic aberration ascribable to the objective lens 16 °

to the light beam L3 radiated from the semiconductor laser 11. .

i's



menti oned gai n-gui ding type sem conductor |aser elenent, which is a sort

of a double hetero junction sem conductor |aser elenent, is used.

However, fromthe viewpoint of optical characteristics, the beam wai st

of the oscillated Iight of the gain-guiding type sem conductor |aser

el enent within the sem conductor junction surface (X-Y plane) differs from
that in a plane perpendicular thereto (X-Z plane), as shown in Figs.5 and
6. Specifically, the beamwaist is at a peint A coincident with a mrror
surface 1la, in the vertical plane (X-Z plane), while being at a point B,

intruded ippiendliy 9bcbhE PlahOpaPhpi®] lifat (D1t Y] W& il pht Olvilthe
sem conductor | aser device 1 wthin the junction pl ‘ane (X-Y plane).. Thus

t he poi nt fthdekwesged8eof00.20emasand vl theghtef radthierg UitaidxoN = ans _
(X-Y plane) differs fromthat in the plane perpendicular thereto (X-Z
pl ane) thuss psedushdgagnangedgparadldlf ter dhee fAzst’rﬂd:eémaé‘alulfelt If1§tsort

of the sem conductor_ |aser elenent 11 i.s used as a Il‘};h urce,
plate 32, that is with the inclination angle 5° within the

semiconductor junction plane (X-Y plane).

For the objective lens 16, an objective lens with a
thickness t on the optical axis of 1.6 mm and with the numeriéal
aperture NA of 0.45, with the multiplication factor of 0.45, was
used.

Fig.17 shows various aberrations produced at the point of
cogvergence F3 of the light beam L3 when the objective lens 186
of the above—-described optical pickup device is displaced in the
tracking direction normal to the optical axis P3, that'is, the
aberrations produced on the signal recording surface of the
optical disc 14. That is, the coma aberration at the convergence
point F3 of the light beam L3 is as shown by a curve C2 in
Fig.17, while the sﬁherical aberration is as shown by.a curve 82
therein. The astigmatic aberration is as shown by a curve A2 in
Fig.17, with.the wavefront aberr#tion of the light beam in its
entirety being as shown #t RZ therein. |

It is seen from the results shown in PFig.17 that the
asfigmatic aberration A2 when the objective lens 16 is at the
initial position or in its wvicinity, with the convergence point
F3 of the light bgam L3'being.on the optical axis P3 of the

objective lens 18, is substantially equivalent to the light beam



20 the beam spot of the |ight beam L3 converged on the signal recording
surface 14a of the optical disc 14 is distorted to a flat longitudinally

or transversely el ongated shape. Thus, in the sem conductor |aser
device 12 enployed in the optical pickup device according to the present
invention, a light-transmtting plan-parallel flat plate 23 of a pre-set

t hi ckness dl1, having facing Iight-transgégting surfaces parallel to each
other, is provided in an opening 22 for. in a cap 21 adapted to sheathe
t he sem conductor | aser elenent 11. The opening 22 is adapted to be passed
t hr ough byL8headigted ram the sauieatndudtomlaserseienentiutl alusaser o¥kenent
11 and which is in the dispersed state. The plan-parallel flat plate 23 is
formed of CQTRAEEIPRY AMARRIRXIARERIVHED 04 bdhe estigapdicdaPrpsrpthen

oo conductyr AESSng! SUBME, Hafiheiel] T 4 e Bl e BT R R
B e il el el S
be inclinedidecdiphenéfhadnfbethe optical axis P3 is on the order of 0.05
* A which is smaller fhan the astigmatic aberration producéd by
'field-of—view deviation of the objective lens 16 in which the
objective lens is displaced towards the outer peripher§ of the
light beam L3 in the diffused stafe. The reason is that the
astigmatic aberration produced by fieidfof—view deviation of the
objective lens 16 is canceled by the astigmatic aberration
substantially equivalent to the over—-correction applied to the
light beam L3 radiated from the semiconductor laser glement 11.
- The wavefront aﬁe}ration R2 when the objéctive lens 16 is
at the initial position or in.its vicinity, with the convergence
point F3 of the light beam L1 being on the optical axis P3 of the
objective lens 16, is approximately 0.004 A in the RMS value,
wh%ie the wgvefront aberration R2 aﬁ the outer heripheral edge
of the objective lens 16 displaced approximately 0.5 mm from the
initial position‘in 8 direction normal to the optical axis is on
the order of 0.005 A in RMS valﬁe. Thus, in the entire field of
view of the objective lens 16, the wavefront aberration R2 is
suppressed to a value not_ldrger than 0.67 2 which is the RMS

value of the wavefront aberration thought to be the limit of

diffraction required in the opticgl dise recording and/or



Uerr] in the sem conductor junction surface (X-Y plane) of the

sem conductor |aser elenment 11 with respect to the optical axis of the

| i ght beam L3, as shown in Figs.12 and 14. By providing the plan-parallel
flat plate 23 in this manner, the astigmatic aberration proper to the

light beam L3 radiated fromthe semiconductor |aser element 11.is
over-corrected, that is 21

corrected so that the astignmatic aberrét?&n ascribable to the astigmatic

di fference AZ, produced by the fact that the point of convergence of the

osci | | at edréprdduc ing hepparstusn phasecenbYingl aoerect trieeozdingoreddbtooy

| aser elenent 11 differs fromthat in the plane perpendicul ar thereto,

that is inreproductigmaed the; ipfpemptéanceyenmls h&r%&%r%@“cﬁ%’eé’fii%.u-

T oL et W) e, 8L GG BEE Y] S PLEPInd Cedbi abdle B5PES
or the spherical aberration 82 is not affected significantly by
using the light beam L3 having the over—corrected astigmatic
aberration. |

In the optical pickup device, shown in Fig.8, the first and
second plan—parallgl flat plates 32, 33 may each be constituted

- by plural plates.
The plan—-parallel flat plate, as means for over~correcting
~the astigmatic aberration bf the ligﬁt beam radiated from the
semiconductor laser element, may also be arranged between the
objective lens and the opticai disc, by reason of the above-
described correction of the astigmatic aberration.

The plan-parallel fiat plate, applying the over—correction
to the astigmatic aberration of the light beam radiated from the
semiconductor laser element, may be afranged so that its normal
line vector js inclined at a pre-set angle, sucﬁ as 45°, relative
to the optical axis. In-addition, the plan—parallél flat plate
may have an evaporated film coated on its surface on which falls
‘the return 1light from the optical disc so as to be used
simultaneously asa beam splittef.

An objective lens for converging the light beam radiated

from the semicpnductor laser element on the signal recording

surface of the opticgl disc may also be used as means for over—



is over-corrected the plan-parallel flat plate 23 is explained by
referring to Fig. 14. In the follow ng description, it is assuned that
the [ight beam L3 is in the converged state, only for ease in explanation.
The sane holds for the case in which the |light beamL3 is in the dispersed
state. It is assunmed that the plan-parallel flat plate is disposed in'the
| ight path of the converged |light beam L3 (nunerical aperture NA = sin U)
so that the above-nentioned nornmal |ine3j» set at a pre-set angle Uerr]
in the sem conductor junction plane (X-Y plane) of the sem conductor | aser

device 11 wth G&%PECt to the optical axis of the Ii?ht beam L3. According
to, for exSomrest Jhegastiempds, pbepratien el hae Fight regn Fadigted

th' . é??g\)lmfzﬁ%ﬂgqﬁgq[t : gﬁ%}if%ﬁﬁ@%%t i[ie’e?srf{i OQGadndt, thif UigHRs | RalbYCruY
objective lens is formed as an elliptical non-spherical lens for
producing pre—-set astigmatic aberration.

The optical device according to thg present invention, in
which a semiconductor laser element is used and which includes
means for over—correcting the astigmafic aberration of the light
beam radiated from the lease element, may be used as a distance
- measurement device, an object motion measurement device, a device
for produéing a master disc for optical discs, or as an
information transmission'system.

The amount of over-correction of the astigmatic aberration
of the light beam radiated from the semiconductor laser.élement
is determined by two éarameters, namely the tﬁickness and the
angle of inclination-of the plan-parallel flat plate. Therefore,
the thickness and the angle of inclination of the plan—-parallel
flat plate is suitably selected in congruity with the setting
amount of over-~correction of the astigmatic Aberpation of the
light beam. At this time, the coma aberration is also determined
by the above two parameters pf the thickness and the angle of
inclination of the plan-parallel flat plate. Specifically, the
astigmatic aﬁerration and the coma aberration are proportionate
to the thickness of the plan-parallel flat plate, ﬁhile the
astigmatic aberration is proportionate to approximately the

square of the inclination angle and the coma aberration is



22 (1) In the above
equation (1), It is the distance up to the convergent point in a plane

containing the normal line and the optical axis (neridian plane) and Is is
a distance up to the converging pont in a plane normal to the neridian

pl ane (sagittal plane). On the other hand, the coma aberration
coma[err] is given by the follow ng equséion (2): lerr]

(2) By selecting the plate thickne dl and the angle-of inclination
Uerr] for a required nunerical aperture, such as NA = sinU = 0.2, based

on the abgiep4alondte (ib abHe(2) iddKinatsldiiMahigteabeThas| onfyY tdver-
opposite sign with respect to the ’
correcting the astigmatic aberration while suppressing the coma
aberration to a smaller va.'iue, it is desirable to set the
thickness and the inclination angle of the plan-parallel flat
plate to a smaller value and to a larger value, respectively.
In the above-described embodiments; a gainfguiding type
semiconductor laser as a sort of the double hetero junction
semiconductor laser is ﬁsed as a liéht source. However, the
present invention may also be applied to a light source device
and to -an optical pickup device . subjected to astigmatic
aberration in which the oscillated light beam has different

oscillating points in the semiconductor junction plane and in a

plane normel thereto thus giving rise to astigmétic aberration..



astigmatic aberration produced by the sem conductor |aser elenent 11 may
be produced AL.Lth_LLnB——%he—eeﬁa aberratlon -produced sinul taneously,

That is, for the optional

can be evel .
angl e of |ncI|an L&n l E U : the astigmatic aber lon_js_given
by: - |“I ‘ Hl l “l Et m Ther ef or e, i f  t hEHISTBHEEY 8RS BEEN
plane is taken as the sen1conducto§4junct|on pl ane of theREPLACED
sem conduct or | aser el enent 23
11, the astigmatic aberration of the sem conductor |aser elenent 11 can be
over-correwWHat I8 QCLAIMER I$e astigmatic aberration of the opposite sign
Meanwhi | e, both the astigmatic aberration and the coma aberration are
proportiondte té&nteRtpry ed?YﬂQﬁuﬁﬁﬁPQHﬁkﬁgThe pl an-paral l el flat plate

23, while the astigmtjc erratlon i S %rtl natet§ubs ant|a¥¥g
squares of the inBlPHRY tqy dAser su et Pe7ateigmat resce

in which the oscillated light beam has different light emitting

points in the semiconductor junction plane an@ in a plane normal
thereto; and
correction means arranged in a light path of a light beam
radiated from said semiconductor laser for over—correcting the
astigmatic difference of the light beam radiated from said
semiconductor laser. |
2. The optical device as claimed in claim 1 wherein said
correction means comprises a light-transmitting plate-—shaped
optical element.
3. The optical device‘as claimed in claim 2 wherein sgid plate—
shaped optical element is arranged in a dispersion light'path of
said semiconductor laser with an inclinatibn relative to the
optical axis of the light beam radiated from said semiconductor
laser in a direction of over—correcting said astigmatic
aberration. |
4, The.optical device as claimed in claim 2 further comprising:
a casing for housing said semiconductor laser, sgid casing
having an oﬁening through which the light beam outputted by said
semiconductor laser is outputted, said plate—shaped optical
element being mouﬁted obliquely in said opening in said casing.

5. The opticai device as claimed in claim 1 wherein correction

--This Sheet Has Been Replaced
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and the com aberration is proportionate to the inclined angle Uerr],.
Thus_ it is preferred to use a smaller thickness dl of the plate 23 and a
| arger. i nclination angre Uerr] for achieving a pre- set i

Over—torfect-on
of the astignmati ' tnce then the cona aberrafilBh: SpEotHASHBEEN
si mul t aneousl y, H Emll Hﬁ@&s’ﬁm to a lower val ue. | t iRERLABEDT r om
above that the astigmatd cmaberrati on of the sem conductor laser device Il

can be over-corrected by the plan- paraBbel flat plate 23 of a pre-set
pl ate thickness dl1 provided at a pre-set angle of inclination Uerr] of

t he normal ] | t ' junction plane of the

sem con‘duc{n%{l Fa‘\s{%&p{j%%/?c% 411{1 E ﬁ b %Pgﬁ%ﬂvﬁ th respect to the optical
axis.  g.TheaanBpdicf PYEuS Pt d s Hong¥a ASid:gmatic aberration of
the sem conductor |aser device 11 Is such that, if, when the objective sy
|l ens 16 i's defl ectéght nsautecackongradietcingne noighl Hemm;i ts optical axis

responsive to the tracking error signal, and the point of convergence F3

of the Iight baﬁPUPhiﬁﬁQﬁWRi%ﬁP?héOroﬁmqﬁﬂr&ﬁQ&:qﬁ?iéiﬂé?i&ﬁﬁ?t%ﬂmﬁbg
the outer gsgbggggglsgggg,oiadiated from said light source; and

correction means arranged in an outgoing light path of the
light beam radiated from said light source for over—correcting

the astigmatic aberration of the light beam radiated from said
light source. S~ |

7. The optical pickup aﬁparatué as.claihed in claim'éﬂWhéfeiﬁ;;
said light sourée comprises.a sehicohducéor laser subje;ted to
astigmatic difference in which the oscillated light beam has
different light emitting points in the semiconductor junction
plane and in a plane nérmaljthéﬁemo. . .

8. The optical pickup Apparat&s'as claimed ih'éfﬁﬁm’7 wherein
said correction means is arranged in an outgoing light path from
said light source between the light source and the objective
lens.

9. The optical pickup apparatus as claimed in claim 7 wherein
said correction means comprises a light-transmitting plate—shaped
optical element.

10. The optical pickup épparatus as claimed in claim 9 wherein:
said plate—shaped optical element is arranged in a dispersion
light path of said semiconductor laser with an inclination

relative to the optical axis of the-iight beam radiated from said

eet Has Been Replaced -
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24 the field of view of the objective lens 16, the anopunt of the
astigmatic aberration produce the astigmatic aberration proper to
t he sem conduct or d;the amount of the i
aberration pr oducedTﬂm’m ’@”ﬂ& wl ve lens 16 are A| THIJ SHEFMHASHREEN
astigmatic aberration of . that is over- cofrectiREPLACEDappl i
to the light beam L3 radiated fromthe: seni conductor |aser—devite i

applying this over-correction, the astiggatic aberration of Aferr]mon
the outer peripheral edge of the field of view of the objective lens 16

becomes eqyéhidénddetdr AlakekM 1AM o Nu$rbbEBon! fot h%vQ‘i"—%r‘i‘Ec‘EQHﬁer%e

F3 of the. |light beam L3 is situated on the optical axis
obj ective atengmdbic tdwedsafforheam L3 radi ated from the senm conductor |aser
device 11 'is subjected to the astigmatic aberration i

subst anti ally clPhegpdidadgpickupecopnanatasy escrddinedi jnacigimahewhene im.

However, the astigmatic aberration over the entire field of view of the
obj ective Pehd 1818R% b&°¥EGEr eSOBPTifeg @ casing for housing said

semiconductor laser, said casing having an opening through which
the 1light beam outputted by said semiconductor 1laser is
outputted, said plate~shaped optical element being mounted
obliquely in said opening in said casing. |

12. The optical pickqp'apparatus as~claimed in claim 8 wherein

said correction means comprises a cylindrical lens.

is Sheet Has Been Rep Iaced
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val ue not |l arger than a pre-set val ue. ~ Since the astlgnatlc
aberration can be suppressed to a val ue not | arger thap “\ H
val ue, the wavefront aberration, significantly influen¢ érB EE]TeHAS BEEN
astigmatic aberration, can also be suppressed to a val be runﬂﬁﬁiﬁgﬁﬁ t han
the pre-set value. In this manner, the RMS val ue of the wavefront
aberration, thought to be the diffractigyplimt required by the opti cal

di sc recordlng and/ or reproduci ng apparatus, can be suppressed to a

val ue not higher than the prescribed val ue, thereby preventing

25 det eri or @PTERALf DENICETANDHQPEECAL | BICKUP HEV bling correct

recordi ng and/ or reproduction of the information signals to the optical

di sc 14. The correction neans for applying the over-correction to the
astigmatic aberration of the |light beam L3 radiated fromthe sem conductor :
| aser el emrepggthae®rrects the astigmatic aberration

An optical pickup apparatus has an optical system and an
objective lens. The optical system has a semiconductor iaser_and
an optical element. The semiconductor laser has an astigmatic
difference in which an oscillated light beam has a light
emission point in a semiconductor junction plane different from
that in a plane normal to the semiconductor junction plaﬁé. The
optical element is arranged in a light path of a light beam
radiated from the semiéonductor laser for over~corrécting the
astigmatic aberration of the light beam radiated from the
semiconductﬁr laser. The objective lens converges the light beam

.radiated by the lighﬁ source via the optical element.

" Figure 15
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produced by the fact that the poi nt of convergence of the oscillated
light in the junction plane (X-Y plane) of the sem conductor |aser elenent
11 differs fromthat in the plane perpendicular thereto, that is in the
* X-Z plane. Therefore, a cylindrical lens, which is an optical elenent
having different coupling power values depending on the direction, may be
used in substitution-for the plan-parallel flat plate. In such case, the
cylindrical |lens needs to be positioned ilf@l8ri entati ons depending on the
poi nt of convergence in the junction plane (f;)bplane) different fromthat
in the plane nornmal thereto (X-Z plane). Fi I’ nqidhe #ove enbodi ment, the
sole plan-parallel flat plate 23 is X_appliving the over-correction
to the astigmatic aberration of the 2 0i ated by the ..
sem conductor |aser elenent 11. However 3—para||e| flat plate °
et anount of
the plan- parallel

flat plate may al so be constituted by fwo to |t hree ﬁﬂ pl at es. The
e




26 astigmatic aberration of the Iight beam L3 radi ated by the

sem conductor | aser element 11 may al so be constituted by a hol ographic
optical element provided that it can apply the over- correction of the
asti'gmatic aberration as described above. In the above description,
the plan-parallel flat plate 23 is prOV|ded |n the wi ndow 33 of the cap 21
of the semconductor |aser device 12 -fdid3 applying the

over-correction to the astigmatic aberration of the |ight beam L3

radi ated by the sem conductor Iasergs%e eng111. That is, the
over-correction is applied to the ast G tion of the Ilght beam
L3 by the sem conductor |aser devi ver, the plan-paralle
flat plate 23 nmay al so be provi ded "BE s enlconductor | aser device
12 and the grating 13 outside of Anductor |aser device 12. In f3
this case, a light transmtting pgiat e s or the like, capable of
sinply transmtting the |ight beam




L3 radiated fromthe sem conductor |aser elenent 11, is-arranged in the
opening 22 of the cap 21 of the sem conductor |aser device 12 for
hernmetically sealing the inside of the cap 21. This light transmtting
plate 25 is arranged at right angles with the optical axis of the light
beam L3. In this case, the plan- parallel flat plate 23 is constituted by
a material through which the |ight beam Ggtide transmtted by the

sem conductor | aser elenment 11 w thout attenuation, and specifically is
formed by a glass or sapphire plate, or by a transparent synthetic resin
plate having light-transmtting properties. The plan-parall el

27 flat plate 23 may al so be constituted by plural plates. Also, in the
optical pickup device, shown in Fig.15, a cylindrical lens, as an optical
el enment having different coupling power depending on directions, may also r;
be used in substitution for the plan- parallel flat plate 23.
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In the above-descri bed enbodi nents, shown in Figs.12 to 15,

over-correction is applied to the |ight beam L3 radiated fromthe

seni conductor |aser elenent 11 by the plan-parallel flat piate 23 arranged
at one point. Alternatively, the over-correction may be applied for
correcting the astigmatic aberration produced by the objective lens 16
which is deviated towards the outer peri Hesal edge of the field of view
of the objective lens 16 after correction not going so far as to
over-correct the astigmatic aberration generated in the sem conductor

| aser element 11, that is after cprpBcting the astigmatic aberration

substantially to zero. The o i-cal pickup device, shown in Fig. 15,
uses a sem conductor Iasergﬁ men \1.'4 which a first plan-parallel flat
plate 32 for applying the cofr i i es not go so far as to IS
over-correct the astigmatic aberratio ucéd‘Tn’khe sem conductor | aser
el enment 11, that is for correcting the a tic aberration substantially
to zero, as shown in Fig.16. - The s onqu r |aser elenent 11
enclosed within the 'sem conductor | aser \al NN oses a gai n-gui di ng
type sem conductor |aser element 31.. Thi s\geM dgctdh\laser has t he
\\ { \
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28 astigmatic aberration of 25 [err]m If a first plan-parallel flat
plate 32 formed by a glass plate with a thickness d2 of 0.1 nm and a
refractive index Nof 1.5 is placed in the opening 22 of the cap 21 within
t he "sem conduct or junction plane (X-Y plane) of the sem conductor | aser
elenent 11 wth the inclination angle Uerr] of 45[err], As = 1ferr]
- I[err] =-0.025 mMm = -25[err]m fromthe above equation (1). Since the
astigmatic aberration of the gain-guidi Ry }¥pe seniconductor |aser is
approximately 25 [err]m the astigmatic aberration of the |light beam from
the sem conductor |aser can be corrected substantially to 0. The coma

aberration produced at this tinme is approximately 0.02 [err] in RVE value

whi ch is negligible. In the optical pickup device, shown in Fig. 16,
a second
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pl an-parallel flat plate 33 is arranged between the grating 13 and the
first plan-parallel flat plate 32 provided on the sem conductor | aser
device 31. When the objective lens 16 is . displaced responsive to the
tracking error signal in the tracking direction normal to its optical

axis, such that the point of convergence F3 of the |ight beam L3 radiated
on the optical disc 14 is offset tomard% é@e outer peripheral edge of the
field of view of the objective | ens 16, 443 n Fig.13, the second pl an-
parallel flat plate 33 applies the astignmatic aberration opposite to. the
astigmatic aberration ascribable to the objective lens 16 to the |ight

beam L3 radi ated fromthe sem conductor |aser 11.

29 For this second plan-parallel flat plate 33, a glass plate with a _
t hi ckness d3 of 0.24 mmand with the refractive index N= 1.5 is used and ‘:
arranged parallel to the first plan-parallel flat plate 32, that is with
the inclination angle Uerr] of 45[err] wthin the
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sem conductor junction plane (X-Y plane). For the objective | ens 16,
an objective lens with a thickness t on the optical axis of 1.6 nm and
with the nunerical aperture NA of 0.45, with the nultiplication factor of
0. 45, was used. Fig.17 shows various aberrations produced at the
poi nt of convergence F3 of the |ight. beam'L3 when the objective |l ens 16

of the above-described optical pickup device is displaced in the tracking
direction mormal to the optical axis P3, Thk? is, the. aberrations produced
on the signal recording surface of the optical disc 14. That is, the comm
aberration at the convergence point F3 of the light beamL3 is as shown by
a curve C2in Fig.1l7, while the spherical aberration is as shown by a
curve S2 therein. The astigmatic aberration is as shown by a curve A2 in
Fig.17, with the wavefront aberration of the light beamin its entirety £y

bei ng as shown at.R2 therein. ' It is seen fromthe results shown in
Fig.17 that the astigmatic aberration A2 when the objective lens 16 is at
t he initial position or inits vicinity, with the.convergence point F3
-of the light beam L3 being on the optical axis P3 of the
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objective lens 16, is substantially equivalent to the |ight: beam

30 L3 radiated fromthe sem conductor |aser elenent 11 plus an over-
correction, or approximately -0.04 [err]. The astigmatic aberration A2 at
t he*outer peripheral edge of the objective lens 16 displaced approxi mately
O.5.mmfromthe initial position in a direction normal to the optical axis
P3 is on the order of 0.05 A whichis sw@ & than the astigmatic
aberration produced by field-of-view devi Hion of the objective lens 16 in
which the objective lens is displaced towards the outer periphery of the
light beam L3 in the diffused state. The reason is that the astigmatic
aberration produced by field-of-view deviation of the objective lens 16 is
cancel ed by the astigmatic aberration substantially equivalent to
the.over-correction applied to the |light beam L3 radiated fromthe

sem conductor | aser elenent 11. The wavefront aberration R2 when the
objective lens 16 is
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at the initial position or inits vicinity, with the convergence point F3
of the light beam L1l being on the optical axis P3 of the objective |lens
16, is approximately 0.004 [err] in the RVS value, while the wavefront
aberration R2 at the outer peripheral edge of the objective lens 16

di sp! aced approximately 0.5 mmfromthe initial position in a direction
normal to the optical axis is on the ordey,af 0.005 [err] in RVS val ue.
Thus, in the entire field of view of the.objective |ens 16, the wavefront
aberration R2 is suppressed to a value not larger than 0.07 [err] which is
the RM5 val ue of .the wavefront aberration thought to be the limt of
diffraction required in the optical disc recording and/or

31 reproduci ng apparatus, thus enabling correct recording and/ or
reproduction of the information signals to e pvmpagﬁgisc 14. As
may be seen fromFigs. 7 and 17, the coma aber i’on /,a-
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or the spherical aberration S2 is not affected significantly by using the
| i ght beam L3 having the over-corrected astignmatic aberration. I n

t he*opti cal pickup device, shown in Fig.6, the first and second

pl ad-parallel flat plates 32, 33 may each be constituted by plural plates.
The pl an-parallel flat plate, as neans for over-correcting the astigmatic
aberration of the light beamradiated fromthe sem conductor | aser

el ement, may al so be arranged between t hd0/dBjective |lens and the optical
di sc, by reason of the above- described correction of the astigmatic
aberrati on. The plan-parallel flat plate, applying the
over-correction to the astigmatic aberration of the |ight beamradiated
fromthe sem conductor |aser elenment, nmay be arranged so that its normnal
line vector is inclined at a pre-set angée, such as 45[err], relative to
the optical axis. In addition, thqqgl;n-;-r?%%eu‘ at plate may have an
evaporated filmcoated on its surface o s the return |ight

fromthe optical disc so as m\ ' ase—pPgam splitter.
A
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surface of the optical disc may al so be used as neans for over-
32 correcting the astigmatic aberration of the light beamradiated from

t he ¥ sem conductor |aser elenent. In this case, the objective |lens
is Eormed as an elliptical non-spherical lens for producing pre-set
asti,gmati c aberration. The optical device according to the present
invention, in which a sem conductor |aser, el enent is used and which

i ncludes neans for over-correcting the fi tic aberration of the |ight

beamradi ated fromthe | ease el enment, nmay be used as a di stance

measur enent device, an object notion neasurenent device, a device for
produci ng a master disc for optical discs, or as an information

transm ssi on system The amount of over-correction of the astigmatic
aberration of the light beamradiated fromthe sem conductor |aser elenent-:
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is determned by two paraneters, nanely the thickness and the angle of
inclination of the plan-parallel flat plate. Therefore, the thickness and
the "angl e of inclination of the plan-parallel flat plate is suitably
selected in congruity with the setting anount of over-correction of the
asti.gmati c .aberration of the |light beam At this tinme, the cona aberration
is also determned by the above two paraneters of the thickness and the
angle of inclination of the plan-parallebsigat plate. Specifically, the
asti'gmatic aberration and the coma aberration are proportionate. to the
t hi ckness of the plan-parallel flat plate, while the astigmatic aberration
is proportionate to approximately the square of the inclination angle and
the coma aberration is 33
proportionate to the inclination anglFe T_rﬁr%, |4@r ~ over-
correcting the astigmatic aberration while supgfessi ngZthe coma
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aberration to a smaller value, it is desirable to set the thickness and
the inclination angle of the plan-parallel flat plate to a snmaller val ue
and;to a |l arger value, respectively. In the above-descri bed

enboedi nents, a gain-guiding type sem conductor |aser as a sort of the
doubl e hetero junction sem conductor laser is used as a |light source.
However, the present invention may aIso_Qg/QEplied to a | irght source
device and to an optical pickup device 'subjected to astigmatic aberration
in which the oscillated |ight beam has different oscillating points in the
sem conductor junction plane and in a plane normal thereto thus giving

rise to astigmatic aberration.. 34 WHAT IS CLAIMED | S:

1. An opti-cal device conprising: . a sem conductor | aser subjected

to astigmatic-difference T
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in which the oscillated Iight beamhas different light emtting points in
the sem conductor junction plane and in a plane normal thereto; and

correction means _arranged in a light path of a |ight beaffn ' (o eI
sai d senicondﬁg?ET—T§§§T‘fﬁf—e¥eL-correcting t he astigm-ﬁﬁggﬁﬂaﬂ E&ﬁé&mﬁ

the |ight beanMﬂﬂW' r aid sem conductor |aser; . said
correction nea ”Wﬂimfmg&@ﬂght -transmitting plate-shaped ®guiceba
el enent . 2. Thetoptioal’s ce as clajqred in claiml erein said p
shaped optical element is arranged in a dispersion |ight '
sem conductor laser with an inclination relative to the | optical axis of
the |ight WM Y@t IMED (I$mh sai d seni conductor laser in a direction of
over-correcting saiqussti matic aberratjon. 3. The optical device as
clai med it ¢l ai't PR He MRS i<OWRFising: 3 casing for housing said
sem conductor | asaﬁrscfnﬁi%'o%d%g%'orég 10833V r&%j%%ﬁ%%eQ'o”%skﬁ[ﬁ%‘é&[ltc‘é"gﬁ%*s}aefr%%ce

| i ght beam out putte y sai sem conduct’or laser is o

Pl at e- shapad wipfdiedhe oBlcATAM o281 NG HE WUai 1Y Ileak ot SAlgh RGN (WL g
sai d casing.

points in the semiconductor junction plane and in a plane normal

t g-

thereto; and

correction means arranged in a light path of a light beam
radiated from said semiconductor laser for over—correcting the é
astigmatic difference of the light beam radiated from said
semiconductor lasei®;

said correction means comprises a light-transmitting

plate-shaped optical element.

2. The optical devicezés claimed in claim 1 wherein said plate-—
shaped optical element is arranged in a dispersion light path of
said semiconductor laser with an inclination relative to the
optical axis of the light beam radiated from said semiconductor
laser in a direction of over—correcfﬁng -said astigmatic
aberration.
3. The optical device as claimed in claim 1 further comprising:
a casing for housing said semiconductor laser, said casing
having an opening through which the light beam outputted by said
semiconductor laser is outputted3 said plate—-shaped optical

element being mounted obliquely in said opening in said casing.

4. The optical pickup apparatus as claimed in-c¢laim 1 wherein
said correction means comprises a light-transmitting plate—shaped

optical element.



4. The optical pickup apparatus as clainmed in claim1l whep;

R "LACEI%ENG‘ SHEET;
correction nmeans—eonprises—atight-transmtting plate-shape eptrcat

el enent . tical pickup apparatus asjchai N

4 wherein sai “;LHUEHB!EHQB Hﬁ)l cal elenment is arranged iinja ggs'{)‘é‘ré?éo%
l'ight path of s Iaser ith an inclinatiog {relative to
optical axis of the |light beamradi at e fromsaid sem cqnduct or | aser i n

a direction of over-correcting said astigmatic aberrati or &- +h

LAY

optical pigkup BRPALiLS12$iekap RS pakt athidi %4c\4/a%%unm8éudml4 OPhersQH! C€
conprises a <casing for housing said sem conductor |aser, said casing
‘havi ng an sptdi pdathrebghedhpolichhe elllegmrztbeamautqmgetcedldnyasandpers1on
sem conductor_laser is _outputted, said plate-shaped optical el enent being
mount ed light path of said semiconductor laser with an inclination

relative to the optical axis of the iight beam radiated from said

semiconductor laser in a direction of over-correcting said
astigmatic aberration.

6. The optical pickup apparatus as claimed in claim 4 wherein
said 1light source comprises é casing for housing said
semiconductor laser, said casing having an-opening through which
the light beam outputted by said semiconductor laser is
outputted, said plate-shaped optical element being mounted

obliquely in said opening in said casing.



obliquely in said openlng in said casing.

aberrati on.

36 sem condu Irecti.on, of . over-correctlng ﬁﬁ?ﬂA

pu b}

II“—The—ﬁﬁ%+eameLckup apparatus as clainmed

SHEET

wherein said light, source ‘conprises a casing for housingjsaid

sem conduct or | aséer, sai'd casing:having an opening through which Jithd%%8 g
beam out putt ed by sald sem conductor | ase3eél s outputted, |sdid plate-shapf
optical element being nmounted obliquely in said opening ijn"sard casring.

12. The optical @I Wﬁ@ m l&%"ﬁ’g’sl‘)%‘&lc%l m 8 V\/He_rei_n sai d

correction

o=
D_f—f'

ABSTRACT

An optical pickup apparatus has an optical system and an
objective lens. The optical s&stem has a semiconducior laser and
an optical element. The semiconductor laser has an astigmatic
difference in which an oscillated 1light beam has a 1light
emission point in a semiconductor junction plane different from
that in a plane normal to the semiconductor junction plaﬁe. The
optical element is arranged in a light path of a light beam
radiated from the semiconductof laser for over—correcting the
astigmatic aberration of the 1light beam radiafed from the
semiconductor laser. The objective lens converges the light beam

radiated by the light source via the optical element.

Figure 15



