1 OPTICAL PI CKUP AND OPTI CAL DI SC DEVI CE BACKGROUND
OF THE INVENTION 1. Field of the Invention. The
present invention relates to an optical pickup and
an optical disc device which uses the optical pickup
for performng a recording and a reproducing
operation on an optical di-sa. ~ecording nedium and,
nore particularly, to an optical disc device
suitable for a structure which corrects spherica
aberrati on gpriayerepkusf agn | Qf, %E%%'5F9§&$r
| ens systemin an optical axis direction of a'Taser
beam 2. Description of the Related Art Fig. 1 only
shows the structure of an optical systemin the
structure of a related optical pickup 100. In Fig. 1,
first, a laser beamemtted froma laser 102 is
rotated at a polarization angle at a 1/2 wavel ength
plate/grating 103 and is divided into three beans by
a grating function. O the three divided Iight
beans, the |ight beamreflected by a polarization
beam splitter 104 is -2- transmtted through an
illustrated convex lens 105 and is focused on a
noni t or phot odet ector 106. A signal obtained at the
nmoni t or photodetector 106 is used to control the
intensity of the light beamw th which a disc 50 is
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1. Field of the Invention

The present invention relates to an optical pickup and
an optical disc device which uses the optical pickup for
performing a recording and a reproducing operation on an
optical disc recording medium, and, more particularly, to an
optical disc device suitable for a structure which corrects
spherical aberration by movement of a lens of a collimator
‘lens system in an optical axis direction of a laser beam.
2. Description of the Related Art

Fig. 1 only shows the structure of an optical system in
the structure of a related optical pickup 100,

In Fig. 1, first, a laser beam emitted from a laser 102
is rotated at a polarization angle at a 1/2 wavelength
plate/grating 103 and is divided into three beams by a
grating function. Of the three divided light beams, the

light beam reflected by a polarization beam splitter 104 is



O the divided |light beans, the |ight beam
transmtted through the polarization beamsplitter
104 is transmitted through an illustrated convex
| ens 110. The convex | ens 110 functions as a
collimator lens. The light transmtted through the
convex lens 110 is generally collimted and is
reflected by a reflective mM4ror 113. The convex
lens 110 is also called a collimator |lens 110. The
light reflected by the reflective mrror 113 is
treamenttéddtidvwrlglmad 1l s usditeat edbnled wanel BI®Qtdhd is
| ate 114, and, then, passes through an objective
osnsed1en| a mymidron phobedébeused 16.a Beamysabtoloraimed
ggrdln | ayer of the disc 50. Light reflected from
th' F RYTH Mg RERFadesect ok J&%é%@seﬂnﬁpna%twoﬁh@he
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idi-pgeiign. The light is reflected here, is
transmtted through an illustrated nmulti-|ens 107,

and dfmphegasvepea :al%zﬁj $Rahsfet Bet i DphiPhledet8aER  tted
108. In this case, multi-lens 107 used has a

thydugidathes poflacezaBioRdddeackediktght 10 nfioy mahenitted
obtai ned at the signal detection photodetector 108
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g and an address S|gnal An optical system
cuCABESCPRYEX oiih 418 Frpctiong as a collimator lens.

The light transmitted through the convex lens 110 is
generally collimated and is reflected by a reflective mirror
113. The convex lens 110 is also called a collimator lens
110.

ihe light reflected by the reflective mirror 113 is
transmitted through an illustrated 1/4 wavelength plate 114,
and, then, passes through an objective lens 115 in order to .
be focused as a beam spot on a recording layer of the disc
50.

Light reflected from the recording layer of the disc 50
impinges upon the polarization beam splitter 104 by beingr
transmitted through the aforementioned path in the reverse
direction. The light is reflected here, is transmitted
through an illustrated multi-lens 107, and impinges upon a
signal detection photodetector 108. 1In this case, the

multi-lens 107 used has a cylinder surface.



desi gned so that the amobunt of spherical aberration
becomes a m ni rum when the thickness of a cover

| ayer (hereunder referred to as "cover thickness")
froma surface of the disc 50 to the recording |ayer
Is set at a value assuned to be a reference val ue
under the condition that parallel |ight which has
exited fromthe collimator—l&nms 110 passes through
the objective lens 115 in order for the recording

| ayer of the disc 50 to be irradiated therewth.
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according to discs 50, or when cover thicknesses at
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the objective lens 115 in order for the recording layer of
the disc 50 to be irradiated therewith.

Therefore, for example, when cover thicknesses differ
according to discs 50, or when cover thicknesses at
recording layers of multi-layered discs differ, spherical
aberration occurs to a certain extent.

To overcome this problem, hitherto, it has been
possible to correct spherical aberration when there are
differences in the cover thicknesses according to discs 50
or when the discs 50 are multi-layered discs as mentioned
above by forming the collimator lens 110 shown in Fig. 1 so
as to be movable in an optical axis direction.

In other words, the collimator lens 110 is moved in the
optical axis direction in order to move an object point of

the objective lens 115 and vary a beam wave surface by this



the collimator I ens 110, and the objective lens 115
in the structure of the optical system shown in Fig.
1, and, thus, does not show the other conponents.
First, in Fig. 2A, the collimtor lens 110 is at a
reference position in a | aser beamoptical axis
direction, and a |aser beam which has exited from
the collimator Iens 110 is a substantially paralle
light beam (Iight beamof an infinite systen). The
optical systemis designed so that, in this state,
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be adjusted by the anmount of novenent of

110 is a substantially parallel light beam (light beam of an
infinite system). The optical system is designed so that,
in this state, the amount of spherical aberration becomes a
minimum when the cover thickness of the disc 50 is a
reference value.

Fig. 2B shows a state in which the collimator lens 110
is moved, for example, by a predetermined amount towards the
objective lens 115 in the laser beam optical axis direction.
Here, the laser beam which has exited from the collimator
lens 110 is, as shown in the figure, not a parailel light
beam but a converging light (light beam of a finite system).

According to the structure shown in Fig. 2B, a laser
beam wave surface changes differently from a wave surface
shown in Fig. 2A. This change causes the wave surface of

the laser beam which has exited from the objective lens 115

to be subjected to a predetermined aberration.



the collimator I ens 110, so that, by the aberration,
spherical aberration can be corrected in accordance
with the differences in the cover thicknesses and

di fferences in cover thicknesses according to
recording | ayers. SUMVARY OF THE | NVENTI ON The anount
by which the collimator lens 110 is noved in the
optical axis direction in-order to correct spherica
aberration as nmentioned above varies dependi ng upon
the focal length of the collimator Iens 110. In
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length is long, the variation in the wave surface by

the novenent of the collimtor lens 110 is snmall

SUMY@RET OF eTHE fINVENTIoal | ength of the collimator |ens
- 6 110 is short, in order to correct spherica
abefhatameyngy byt Wi cantheammlitimathe hapsintlby swvhicekd in

t he %ollinator l.ens 110 .
the optical axis direction in order to correct spherical

aberration as mentioned above varies depending upon the
.focal length of the collimator lens 110.

In other words, in this case, the wave surface
aberration is proportional to the square of the numerical
aperture NA of the objective lens 115. The NA is determined
by radius + focal length x refractive index of the objective
lens 115.

Therefore, if the aperture of the objective lens is
constant, the smaller the focal length, the larger the NA
~value. In other words, if the focal length is short, the
wave surface can accordingly be considerably varied by the
movement of the collimator lens 110. In contrast, if the
focal length is long, the variation in the wave surface by
the movement of the collimator lens 110 is small.

Therefore, if the focal length of the collimator lens



is nmoved is reduced. In contrast, if the focal |ength
is long, the anount by which the collimator Iens 110
is moved is increased. The focal length of the
collimator lens 110 is determ ned by two opposing
factors, the efficiency with which the | aser beam
whi ch has exited fromthe |aser 102 is wused and the
di anmeter of the beam spot.-Therefore, this value
will lie within a certain range. This will be
described wth reference to the next Figs. 3A and
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7 This will be described with reference to the next Figs.
3A and 3B. Figs. 3A and 3B also show only the laser 102,
the collimator lens 110, and the objective lens 115 in the
structure of the optical system shown in Fig. 1.

Firét, Fig. 3A shows an example of a case in which a
focal length f of the collimator lens 110 is made short.
When the foéal length f 6f the collimator lens 110 is short,
it is possible to correspondingly cause light to impinge
upon the collimator lens 110 at a stage when the scattering
of the laser light beam emitted from the laser 102 is
relatively low as shown in the figure. In other words, this
makes it possible for the efficiency with which the laser
light beam emitted from the laser 102 is used to become
relatively high.

However, when the focal length f of the collimator lens



collimator lens 110 is such that the intensity of its
center portion tends to be greater than the
intensity of its peripheral portion as shown in the
light intensity distribution by a thick line Ain
the figure. Therefore, the intensity of the

peri pheral portion of the light which. exits towards
the objective lens 115 is-also | ow. Therefore, the
objective lens 115 cannot properly narrow the beam
spot, resulting in a state that is equivalent to a
1s0at ® madevidyt, henaunesécali AREMHE 1NA1 8fnt th%n the
objective lens 115 is reduced. Fig. 3B shows an
cekhimtnflanscdd@ in whilchthdte thecahtehengyhof iafs theter
collimator lens 110 is nmade long. In this case, the
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| aser beamemtted fromthe |aser 102 is wused with
DTSR Chef Pepmnenothawsibtihe tase stwwn thatFig. 3A
eqigaictloto' & fBe G Which the | Sumerftal Spertare Na of
the objective lens 115 is reduced.

Fig. 3B shows an example of a case in which the focal
length £ of the collimator lens 110 is made long. In this
case, the laser light beam emitted from the laser 102 in a
relatively scattered state is incident upon the collimator
lens 110, and is such that the difference between the
intensity of its central portion and the intensity of its
peripheral portion tends to be reduced as shown in the
intensity distribution represented by a thick line B.
Therefore, in this case, the laser spot can be properly
narrowed, so that a state that is equivalent to a state in
which the NA is increased can be achieved.

However, the laser beam emitted from the laser 102 is

used with lower efficiency than in the case shown in Fig. 3A.

Therefore, it may be difficult to obtain sufficient laser



power when, for exanple, perform ng recording.
Therefore, the focal length f of the collimtor |ens
110 is set so that the dianmeter of the |laser spot is
equal to or less than a predeterm ned di aneter and
the efficiency with which the light is used is equa
to or greater than a predeterm ned efficiency.
~Satisfying these conditionsg causes the focal |ength
f of the collimator lens 110 to inevitably fal
within a certain range The speci fic nunerical value
of the focal length_ f he collimtar |lens 110
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certain range in view of both the diameter of the laser spot

and the efficiency with which the light is used may be set

relatively long or relatively short depending upon the

conditions of other elements making up the optical system.

When the focal length f of the collimator lens 110 is
to be long, as can be understood from the aforementioned
illustration in Figs. 2A and 2B, the amount by which the
collimator lens 110 is moved in order to correct spherical
aberration is correspondingly increased.

When thé amount by which the collimator lens 110 is
moved in order to correct spherical aberration is increased,
the distance between the collimator lens 110 and the
reflective mirror 113 is correspondingly increased, thereby
preventing the size of the optical system from being reduced.

Accordingly, when the focal length £ of the collimator



- 9 lens 110 is to be long, the follow ng probl ens
may occur. Here, as shown in the next Figs. 4A and
4B, a diaphragm (that is, a diaphragm 115a of the
objective lens) for incident light fromthe
collimator lens 110 is disposed at the objective

| ens 115. The objective | ens diaphragm 115a is

di sposed to cause |ight toc igrpi nge upon a proper
effective dianeter of the objective lens 115. Figs.

4A and 4B show a state in which the collimtor |ens
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the collimator lens 110 is moved in the laser beam optical
axis direction, respectively. Here, in both of the cases
shown in Figs. 4A and 4B, the objective lens diaphragm 115a
can function so that the intensities of light incident upon
the objective lens 115 are substantially the same depending
upon where the objective lens diaphragm 115a is disposed.

In other words, it is known that, when the objective
lens diaphragm 115a is disposed near the rear focal point of
the collimator lens 110, variations in the intensity of the’
light exiting from the objective lens 115 can be set to a
minimum.

From such a circumstance, in general, thé distance from
the colliﬁator lens 110 to the objective lens 115 ig set
substantially equal to the focal length of the collimator
iens 110.

When the collimator lens 110 and the objective lens 115



When the collimator lens 110 and the objective | ens
115 - 10 are disposed as nentioned above, nmaking the
focal length of the collimtor Iens 110 |ong as
menti oned above nmakes it necessary to
correspondingly increase the distance fromthe
collimator lens 110 to the objective lens 115 (the

obj ective lens diaphragm.133a). In other words, from
this point also, when the focal |I|ength f of the

collimator lens 110 is to be long, it is difficult

to reduce the size .of the optical system 1In
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lens 110 must be short, according to the foregoing

description, the distance between the collimator lens 110
and the objective lens 115 can be made short to reduce the
size of the optical system. However, if, for example, the
focal length f is too short, the objective lens diaphragm
115a and the reflective mirror 113 may interfere with each
other.

Accordingly, in the structure of the related optical
system, the focal length f of the collimator lens 110 is
determined to a value within a certain range due to the
relationship with other structural elements of the optical
system and in view of the diameter of the laser spot and the
efficiency with which the laser beam is used. Therefore,
various problems may arise.

Accordingly, it is desirable to provide an optical

pickup which allows the focal length of a collimator lens to



Accordingly, it is desirable to provide an optical

pi ckup which allows the focal |ength of a collimator

lens to - 11 be set with freedom and an optical disc

device using the sane. In a first aspect of the

present invention, there is provided an optica

pi ckup conprising at least: a laser |ight source

emtting a | aser beam a collinator | ens system

including a plurality of ?es for collimating the

l'ight beamemtted fron1the aser light source and

i nci dent thereupon as di ffused light; and an

objective lens, the |laser beamtransmtted through
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HcPolies a flrst lens wunit held so as to be novabl e
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lens, the laser beam transmitted through the cecllimator
lens system being incident upon the objective lens,
wherein the collimator lens system includes a first lens
unit held so as to be movable in an optical axis
direction of the laser beam and a fixed second lens unit,
wherein the first lens unit and the second lens unit are
consecutively disposed, wherein wave aberration is
produced in accordance with the movement of the first
lens unit, wherein, in the collimator lens system, the

first lens unit and the second lens unit each include a

convex lens system.

In the collimator lens system, the lens unit that is
clogser to the laser light source may include a concave
lens system and the other lens unit may include a convex

lens system.

In a second aspect of the present invention, there

is provided an optical disc device performing a recording



| ens system In a second aspect of the present
invention, there 1is provided an optical disc device
performng a recording - Ila operation and/or a
reproduci ng operation on an optical disc recording
medi um the optical disc device conprising: an
optical pickup including atjd east a |laser [|ight
source emtting a | aser beam a collimtor |ens
systemincluding a plurality of |enses for
collimating the light beamemtted fromthe |aser
i ght source and i ncident thereupon as diffused
opeirght cnarddd@rol) eePinpsludigiys orei@ tiggeorb@amoptical
transmtted throygh the collimator ., | ens system bei ng
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sykeem dhicl valieg ecopsecttliivel v dilspesed,fohesgilinave g
aberration is produced in accordance with the
theovegint beknt keliftitest frdcensheniltassherlgight isourdte and
collimator | ens system the first lens unit and the
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wherein the collimator lens system includes a first lens

ﬁaser

unit held so as to be movable in an optical axis
direction of the laser beam and a fixed second lens unit,
wherein the first lens unit and the second lens unit are
consecutively disposed, wherein wave aberration is
produced in accordance with the movement of the first
lens unit wherein, in the collimator lens systam, the
first lens unit and the second lens unit each include a
convex lens system.

If, as in the above-described structure, the
collimator lens system includes two lens units, even if
the focal length of the entire collimator system is to be
set to a certain value, the lens focal length of one of
the lens units can be set with a certain degree of
freedom according to the setting of the lens focal length

of the other lens



set to a certain value, the lens focal length of one
of the lens units can be set with a certain degree
of freedom according to the setting of the lens
focal length of the other lens 12 - unit. In other
words, even if the focal length of the entire o
collimator lens systemis to be set to a value within
a certain range as .nentiangd above in view of the
dianeter of a laser spot and the efficiency with
which a | aser beamis wused, the above-described
Shkucture nmakes it possible for the focal length of
the convex | ens held so as to be novable for, fo[
examy &tned' (BehkNJesohey; rhagLon.to be set ..
with a ce%?éiﬁ degr ee of'%ﬁggbggﬁgg ?ﬁgggét?$ﬁﬂm%Fntlre
coheihetisr fasalsylsergt hsofothe tdel, Legsi it By 4
exanple, if the collimtor |ens systemhas a
certatt urangen ashinehtaoned Cabierd eis vikst 8 8RE & LHRIEX of
lens system are disposed froma side of the |aser
a| {1 3R shvtcand( fhat efSiekanad withewbphbt 8 BysteMbean is
structure), the focal length of the convex |ens
ugdy TR ERoBE" S SR ot R TEnBA ke 6o H%Fﬂeof?r
ty Iy or lens syste ternatively,
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the entire
focal length of the other lens unit.

For example, if the collimator lens system has a
structure in which a concave lens system and a convex lens
system are disposed from a side of the laser light source
(what is called a telephoto system structure)}, the focal
length of the convex lens system can be set shorter than the
focal length of the entire collimator lens system.

Alternatively, if the collimator lens system has a

.structure including a convex lens system and a convex lens
system, the focal length of one of the convex lens systems
can be set longer than the focal length of the entire
collimator lens system.

Accordingly, according to an embodiment of the present
invention, forming the collimator lens system so as to have
two lens units makes it possible to set the focal iength of

one of the lens units with a certain degree of freedom by



collimator | ens system Accordingly, according to an
enbodi nent of the present invention, formng the
collimator lens systemso as to have two lens units
makes it possible to set the focal Iength of one of
the lens units with a certain degree of freedom by 13
the setting of the focal Iength of the other |ens
unit. Here, even if the foc | ength of the entire
collimtor lens systemis d tern1ned to a certain
value in view of the dianmeter of a | aser spot and
the efficiency with which a |aser beamis used, the
thecaktténgtdf dfheorfocet Lbegtlenst the ot hean 1pps serit -

with a certain degree of freedom In addition, if
Heoe, exvepl &L thee foskli ha%?hl%%stheswﬁéﬁ?hagljalmtor lens
t el ephoto systen1structur
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cording to t e above, even if the focal |ength of

vhhes et ive LAl LWifat ar céensinyd@amenust fheecdeat.
relatively long, the focal |ength of the convex |ens

systlemazhii thensei £, r&batdxseagipl eshthe. cThbind e lange
anmount by which a lens of the convex _|ens systemis
syever fat xdelepbrhg §]6ﬁ%ﬁ’lF CHIT LBy éflu Uﬁli‘: e fegncave

r educed. Slnce t he anDUft by which a gns é g
l@ﬁﬁv%&s¢%ﬁ“9n a convex lens ‘system are 1spose rom a

side of the laser light sourée, the focal length of the
convex lens system can be set shorter than the focal length
of the entire ceollimator lens system.

According to the above, even if the focal length of the
_entire collimator lens system must be set relatively long,
the focal length of the convex lens system can be set
relatively short. Therefore, the améunt by which a lens of
the convex lens system is moved for correcting spherical
aberration can be reduced.

Since the amount by which a lens of the convex lens
system is moved for cobrrecting spherical aberration can be
reduced, even if the focal length of the collimator lens
system has to be set long as mentioned above, the optical
system can be reduced in size.

In addition, if the amount by which a lens of the

convex lens system is moved for correcting spherical



systemis noved for correcting spherical aberration
can be reduced, even if the focal |length of the
collimator lens systemhas to be set |ong as

nmenti oned above, the optical systemcan be reduced
in size. In addition, if the anmount by which a |l ens
of the convex lens systemis noved for correcting
spherical - 14 aberrati oA gan-be reduced, it is
possi bl e to correspondingly set the distance between
the convex | ens and the diaphragn1 of the objective
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system can be reduce h si ze or exa
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systens can be set longer than the focal |ength of

theheoptapeilr eysbehi aan dre |remkicedstiensifecording to this
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even if the focal length of the collimator lens system is to

be made short, the focal length of the convex lens in the

lens unit closer to the objective lens can be set longer

than the focal length of the collimator lens system.

Therefore, it is possible to prevent interference between

the reflective mirror and the diaphragm of the objective

lens.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the structure of a related optical system;

Figs. 2A and 2B illustrate the correction of spherical
aberration by the movement of a collimator lens;

Figs. 3A and 3B illustrate the setting of the focal
length of the collimator lens;

Figs. 4A and 4B illustrate the relationship between the

positions of the collimator lens and an objeéective lens;



Figs. 2A and 2B illustrate the correction of

spherical aberration by the novenent of a collimator
lens; Figs. 3A and 3B illustrate the setting of the
focal Ilength of the collimtor |ens; Figs. 4A and 4B
illustrate the relationship between the positions of
the collimtor |ens and an objective lens; 15 Fig. 5
primarily shows only the structure of an optica
systemin an optical pickupaccording to a first
enbodi nent of the present invention; Fig. 6

illustrates a specific exanple of the focal length
of altHnve @@ Idie §hawe oP 1 frdther SEERST YRt @ dfaepiical

related structure jincluyding one.Jens unit; Fig. 7 ..
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of Eaecgkégg@gqﬂ?hgﬂéng¥sten1and the focal length of a

convex lens 1n irst enbodinent; Fig. 8 primarily
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opti cal pickup according to a second enbodi nent of

lehetpr es entcdresntlicon; wasf & ¢pl19mskbdsteatesy@tem has a
speci fic exanple of the focal Ilength of a collimtor
redgatedysitamtang tinelfidtnay ¢mndemsofindt; convex lens in
the second enbodi nent. DESCRI PTI ON OF THE PREFERRED
EVMBADIIVENT S L THE Bakes mdridisuprmarefadr g focal
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convex lens in the first embodiment; |
Fig. 8 primarily shows only the structure of an optical
system in an optical pickup according to a second embodiment
of the present invention; and
Fig. 9 illustrates a specific example of the focal

length of a collimator lens system and the focal length of a

convex lens in the second embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The best mode (hereunder‘referred to as "embodiment")
for carrying out the invention will hereunder be described.

Fig.‘5 p;imarily shows only the structure of an optical
system in an optical pickup 1 according to a first
embodiment .

In Fig. 5, first, a laser beam emitted from a laser 2
is rotated at a polarization angle at a 1/2 wavelength

plate/grating 3 and is divided into three beams by the



Fig. 5 primarily shows only the structure of an
optical systemin an optical pickup 1 according to a
first embodinent. 1In Fig. 5, first, a |laser beam
emtted froma laser 2 is rotated at a polarization
angle at a 1/2 wavelength plate/grating 3 and is
divided into three beans by the - 16 grating. O the
three divided |ight beans. ylge_light beam reflected
by a pol arization' beamsplitter 4 passes through an
illustrated convex | ens 5 and is focused on a nonitor

e
e S i

dhene lﬁgﬁﬁsgeéscéﬁ\réﬂ“l%&%ab sﬁa_t is thRYadaRy obeaf AbAREor
as separate parts. O the divided | aser beans, the

phiogbtiebeatdv i et Masigpassevtahiedigh tthe pohatozati on
beam splitter 4 is as diffused |light incident upon

ractpetsttar & iconsadetpepsngroiheanntehasty apdthe
convex-lens 10 in that order. The concave |lens 9 and
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Of the divided laser beams, the light beam that has
passed through the polarization beam splitter 4 is as
diffused light incident upon an illustrated concave lens 9
and an illustrated convex lens 10 in that order.

The concave lens 9 and the convex lens 10 form a
collimator lens system 11, The light transmitted through
the concave lens 9 and the convex lens 10 is generally
collimated and is reflected by a reflective mirroxr 13.

The light reflected by the reflective mirror 13 is
transmitted through an illustrated 1/4 wavelength plate 14
ahd then passes through an objective lens 15 in order to be
focused as a beam spot on a recording layer of the disc 50.

The light reflectéd from the recocrding layer of the
disc 50 impinges upon the polarization beam splitter 4

~through the same path in the reverse direction. The light

is reflected by the polarization beam splitter 4, is



transmtted through an illustrated 1/4 wavel ength

pl ate 14 and then passes through an objective |ens
15 in order to be focused as a beam spot on a
recording | ayer of the disc 50. The light reflected
fromthe recording |ayer of the disc 50 inpinges
upon the polarization beamsplitter 4 through the
same path in the reverse dingction. The light s
reflected by the polarization beamsplitter 4, is 17
transmtted through an iIIustrated multi-lens 7, and
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aberration becomes a m ni rum when the thickness of a
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of the disc 5 |rra ated ther ew
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according to discs 50, or when cover thicknesses at
7 "cover thickness"™) from a surface of the disc 50 to the
recording layer is set at a reference value under the
condition that parallel light which has exited from the
collimator lens system 11 passes through the objective lens
15 in order for the recording layer of the disc 50 to be
irradiated therewith.

Therefore, for example, when cover thicknesses differ
according to discs 50, or when cover thicknesses at
recording layers of multi-layered discs differ, spherical
aberration occurs to a certain extent.

To overcome this problem, even in the optical pickup 1
according to the first embodiment, a lens of the collimator
lens system 11 is formed so as to be movable in an optlcal
a31s direction of the laser beam in order to correct
: Spherical aberration when there are differences in the cover

thicknesses according to discs 50 or when the discs 50 are



recording layers of nulti-Ilayered discs differ,
spherical aberration occurs to a certain extent. To
overcone this problem even in the optical pickup 1
according to the first enbodinent, a |lens of the
collimator |lens system1l is fornmed so as to be
nmovabl e in an optical axis direction of the |aser
beamin order to correct sphggical aberration when
there are differences in the cover thicknesses
according to discs 50 or when the discs 50 are 18 -

multi-] ayered di scs as nentioned above. In other
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a drive signal froma drive circuit (not shown). By

b Vil lelsercbagex | ens 10 in the optical axis

direction by the lens driver 12 in this way, as

pr eviBastsns dhddiarbdd RPeRates dremoret 6hei genven kang 10
the | asey beam  which has_exited fromthe convex
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By moving the convex lens 10 in the optical axis
direction by the lens driver 12 in this way, as previously
described with reference to Figs. 2A and 2B, the laser beam
which has exited from the convex lens 10 becomes a light
- beam of a finite system. Therefore, the wave surface of the
laser beam incident upon the objective lens 15 is varied.

By varying the wave surface of the laser beam incident
upon the objective lens 15 in this way, the laser beam which
7 has exited from the objective lens 15 is subjected to a
predetermined wave surface aberration in accordance with the
amount of movement of the convex lens 10, so that spherical
aberration can be corrected.

As can be understood from the foregoing description,
according to the optical pickup 1 of the first embodiment,
the collimator lens system 11 includes two lens units, that

is, the convex lens 10 (first lens unit) held so as to be



upon the objective lens 15 in this way, the | aser
beam whi ch has exited fromthe objective lens 15 is
subjected to a predeterm ned wave surface aberration
in accordance with the anount of novenment of the
convex lens 10, so that spherical aberration can be
corrected. As can be understood fromthe foregoing
description, according toc tige -optical pickup 1 of
the first enbodinment, the collimator |ens system 11
includes two lens units, that 1is, the convex |ens 10
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lens unit). More specifically, the collimator Iens

wydtem 11 has what is called a tel ephoto system

structure in which the concave |lens 9 and the convex
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light igmmirefe lianghsyséemAl nust be set to a certain

val ue, the focal length of one of the |enses can be

set Aacohdangkyt abn fegieg ohef cebtinm@AcQedisNgystem 11
so as to have two lens units, the focal length of the
collimator lens system 11 is equal to the combined lens
focal lengths 6f the lens units. According to this, even if
the focal length of the collimator lens system 11 must be
set to a certain value, the focal length of one of the
lenses can be set with a certain degree of freedom according
to the setting of the focal length of the other lens.

In the first embodiment, by using the telephoto system
structure, the focal length of the collimator lens system 11,
which is equal to the combined focal lengths of the concave
lens 9 and the.convex lens 10, is longer than the focal
length of the convex lens 10.

In other words, according to such a telephoto system
structure, the focal length of the convex lens 10 is shorter
than the focal length of the collimator lens system 11.

The first embodiment in which the collimator lens



to the setting of the focal length of the other |ens.
In the first enbodi nent, by using the tel ephoto
system structure, the focal length of the collimtor
| ens system 11, which is equal to the conbi ned foca
| engt hs of the concave Ilens 9 and the convex |ens
10, is longer than the focal |ength of the convex

l ens 10. In other words, ac ding to such a

tel ephoto system structure, the focal |ength of the
convex lens 10 is shorter than the focal |ength of
the collimator |ens system 11. The first enbodi nent
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O these figures, Fig hows a case in which th
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not shown.

0f these figures, Fig. 6 shows a case in which the
collimator lens system 11 has only one lens unit as in
related example, and Fig. 7 shows a case in which the
collimator lens system 11 has a telephoto system structure
.including two lens units as mentioned above.

As previously described with reference to Figs. 3A and
.3B, the diaﬁeter of a laser spot formed by the objective
‘lens 15 and the efficiency with which a laser beam emitted
from the laser 2 is used are determined depending upon the
setting of the focal length of the collimator lens System.
In other words, a focal length fl of the collimator lens
system is determined to a value within a certain range in
view of the diameter of the laser spot and the efficiency

with which light is used.
For example, in this case, the focal length fl of the



including two | ens units as nentioned above. As
previously described with reference to Figs. 3A and
3B, the dianmeter of a |l aser spot forned by the
objective lens 15 and the efficiency wth which a
| aser beamemtted fromthe laser 2 is used are
det er m ned dependi ng upon the setting of the foca
| ength of the collimator Lg@ﬁ system | n other
h

words, a focal length fl of e collimator |ens

systemis determned to a value within a certain
range in view of the dianmeter of the |aser spot and
aHd1epfpEi beley sYAtem e essiightay dajged sefopt 20 mm in
exanple, in_this case, the focal length f| of the 21
VasH Platls Hemetepsinthe LR8%mePoks oBei hjesef T iy
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system has only one I'ens unit, that“i1s,” the convex
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cbprek ldmndih ohet fecebniengtilens ithei sometx aterd) 1mis
In contrast, in the exanple shown in Fig. 7, since
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structure including two lens units is used, the focal length
f of the collimator lens system can be equal to the combined
focal lengths of the concave lens 9 and the convex lens 10.

In addition, in this case, incorporating the concave

lens 92 with respect to the convex lens 10 so as to form the
telephoto system structure makes it possible for a focal
length 0 of the convex lens 10 to be shorter than the focal
length f1 of the entire collimator lens system. For example,
when the focal length fl of the collimateor lens system 11 is
equal to 20 mm, the focal length £f0 of the convex lens 10 is
set at 13 rm.

" Accordingly, when the telephoto system structure
including two lens units is used, the focal length of the
convex lens 10 which is driven in the laser beam optical
axis direction for correcting spherical aberration can be

shorter than the focal length in the structure including



lens 9 wth respect to the convex lens 10 so as to
formthe telephoto systemstructure nmakes it
possible for a focal I|ength fO of the convex |ens 10
to be shorter than the focal Ilength fl of the entire
collimator | ens system For exanple, when the foca
length fl of the collimtor lens system1l is equa
to 20 nm the focal length-f©Q of the convex |lens 10
is set at 13 mm Accordingly, when the tel ephoto
system structure including two lens units is used,
55@yﬂg&ghehﬁng%§tpf the convex lens 10 which is
dri'ven in the T'aser beamoptical axis direction for
corr gekbngi SPhES | Hidlceaber § aty r
the focal length in Fhegsgsd%gﬁ?gég%gﬁﬁd?ﬁg ﬁgéaiffghgth
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for the focal length of the convex lens 10 to be set
Wocenvekelempul@ iy malvedhfot heo commedng epactOcib
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NA is determned by radius _ focal length x
obgéciaicte ierisndex ief profiertohieat ivee thensqldre of the
Therefore, if the focal |length can
numerical aperture NA of the objective lens 15. The NA is
determined by radius + focal length x refractive index of
the objective lens 15. Therefore, if the focal length can
be small, the amount of wave surface aberration can be
increased in correspondence with a squared amount.

In addition, according to this, since the focal length
can be reduced, the amount by which the convex lens 10 is
moved for correcting spherical aberration can be reduced in
correspondence with a squared amount.

More specifically, in the structure including only one
lens unit, the focal length of the convex lens 10 is 20 mm,
whereas, in the first embodiment, the focal length of the
éonvex lens 10 can be 13 mm. Therefore,

(13 + 20)% = 0.4

As a result, the amount of movement of the convex lens 10

can be reduced to approximately 0.4 times the amount of



be small, the anmount of wave surface aberration can
be increased in correspondence with a squared
anount. In addition, according to this, since the
focal length can be reduced, the ampbunt by which the
convex lens 10 is noved for correcting spherica
aberration can be reduced in correspondence with a
squared amount. Mre specifigally, in the structure
including only one lens unit, the focal length of
the convex lens 10 is 20 mm whereas, in the first

Lent,. .t he focal | engt f the_ convex lens 10
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reduced agcordingly,,so that the optical system can
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tiendriviegdahyhie POVEmALt B FRLOfens driver 12 can be
reduced. Therefore, it is possible to reduce the éize and
the driving power of the motor.

If the focal length of the convex lens 10 can be
. reduced as in the above-described manner, the convex lens 10
and the objective lens 15 can correspondingly be disposed
closer to each other.

In other words, as previously described with reference
to Figs. 4A and 4B, a diaphragm for causing'light emitted
from the convex lens 10 of the collimator lens system to
properly impinge upon an effective diameter is actually
provided at the quective lens 15 (objective lens diaphragm
- 115a in Figs. 4A and 4B).

Since, from the viewpoint of_calculation; variations in
the intensity of the light exiting from the cbjective lens
15 can be a minimﬁm when such a diaphragm is disposed near

- the rear focal point of the convex lens 10, the convex lens



If the focal length of the convex | ens 10 can be
reduced as in the above-descri bed manner, the convex
lens 10 and the objective | ens 15 can
correspondi ngly be disposed closer to each other. In
ot her words, as previously described wth reference
to Figs. 4A and 4B, a diaphragm for causing |ight
emtted fromthe convex lens 10 of the collinator

| ens systemto properly inpinge upon an effective
di aneter is actually provided at the objective |ens

j [ ' 115a in Figs. 4A d
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first enbodi nent, as viewed fromthe

Although, in the first embodiment, as viewed from the
laser light source, the concave lens 9 is disposed behind
the polarization beam splitter 4, that is, further away from
the laser light source 2 than the polarization beam splitter
4, the concave lens 9 may be disposed in front of the
polarization beam splitter 4. In other words, the concave
lens 9 may be disposed between the polarization beam
splitter 4 and the 1/2 wavelength plate/grating 3.

However, from the viewpoint of lens design, it is
better to dispose the concave lens 9 behind the polarization
beam splitter 4 as shown in Fig. 5.

In other words, in this case, it is generally desirable
for the focal length at the side of the signal detection
photodetector 8 (focal length of the concave léns 9, convex

 lens 10, and multi-lens 7) to be longer than the focal

length at the side where irradiation using laser is



| aser |ight source, the concave. lens 9 is disposed
behind the polarization beamsplitter 4, that is,
further away from the laser light source 2 than the
pol ari zation beamsplitter 4, the concave |lens 9 may
be di sposed in front of the polarization beam
splitter 4. In other words, the concave |ens 9 may _
be di sposed between the polgrization beam splitter 4
and the 1/2 wavel ength pl atéfgrating 3. However, from
the viewpoint of lens design, it is better to

di spose the concave |l ens 9 behind the polarization
edorgedi pnethd eststowdise FEgeab. lengtdy ledr ther dgncave
inthis case, it is generally desirable for the
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Therefore, actually, in order to set the foca
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multi-lens 7 longer than the focal |ength of the
- concevesildend ng andhcomvascumpid o, ifheas eﬁerra@tqn@@l above,

ower of the multi-lens 7 is set so as to be
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interposed. This is not advantageous from the viewpoint of
the design of the multi-lens 7. Therefore, it is desirable
for the concave lens 9 to be disposed behind the
polarization beam splitter 4 as shown in Fig. 5.

Although, in the first embodiment, the convex lens 10
is driven for correcting spherical aberration, the concave
lens 9 may be driven.

However, even here, it is better to drive the convex
lens 10 as in the structure shown in Fig. 5.

If the concave lens ¢ is driven, in order for the drive
.distance required for correcting spherical aberration to be
a practical value, the power of the concave lens 9 is set

larger. Therefore, the power of the convex lens 10 is also

"' set large. Accordingly, in this case, the power of both the

concave lens 9 and the power of the convex lens 10 are set



l ens 7 nust be increased because the concave |lens 9
is not interposed. This is not advantageous fromthe

vi ewpoi nt of the design of the nulti-lens 7.
Therefore, it is desirable for the concave lens 9 to

be di sposed behind the polarization beamsplitter 4
as shown in Fig. 5. Although, in the first

enbodi ment, the convex lens s - is driven for
correcting spherical aberration, the concave lens 9

may be driven. However, even here, it is better to

rive the convex,,lens 10 as.in the structure.shown
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Ll ' if recti.
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both the concave lens 9 and the power of the convex
isefrivenare set - 26 large. As a result, driving the
concave lens 9 is correspondi ngly_di sadvant ageous
fromMi¢fe FBSWSEFRETEFE | @han gadigal ebrkeyuehtagrording
framthe viewoj.nt of lens design,.it is betfer to
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Figivgn. Next, the structure of an optical pickup 20
according to a second enbodinent will be described

W t hrief er @ReRat 91y FikbwsB.only the structure of an optical
system in the optical pickup 20 according to the second
embodinent:.

. In the figure, corresponding parts to those described
in_Fig. 5 are given the same reference numerals and will not
be described.

In the optical pickup 20 according to the second
embodiment, the structure of a collimator lens system
includes two lens units, a convex lens 21 (second lens unit)
. and a convex lens 22 (first lens unit) as shown in the
figure.

In this case, as shown in the figure, the convex lens
21 is disposed between a 1/2 wavelength plate/grating 3 and
a polarization beam splitter 4. The convex lens 22 is
disposed between the polarization beam splitter 4 and a
reflective mirror 13. 1In other words, as viewed from the

side of a laser light sourcé, the convex lens 21 is disposed



Fig. 8 primarily shows only the structure of an
optical systemin the optical pickup 20 according to
the second enbodinment. In the figure, correspondi ng
parts to those described in Fig. 5 are given the
same reference nunerals and wll not be described.

In the optical pickup 20 according to the second
enbodi ment, the structure of,.a collimtor |ens system
includes two lens units, a convex |lens 21 (second
lens unit) and a convex lens 22 (first lens unit) as
shown in the figure. In this case, as shown in the

¥ Jaeat phethe nigadiop1 beamasehbded Het wpenthe 1¢Pnvex

maveI?n th Plate/ rag;n%_B and _a polarization beam
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di sposed - 27 in front of the polarization am
depietter. 4, and the convex lens 22 is disposed

behi nd the pol arization beamsplitter 4. Based on

t hi sin tthe senvad ¢mrzlients frbemedlsinen debe system

,hovable in a | aser beam optical axis direction by a
ipghading ifhe crpvernlens 2bcurdl itbcenrent lenhe22 ‘is
l.ens system %gy%£pg the convex lens 21
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Here, in the second embodiment, the convex lens 21 is
disposed in front of the polarization beam splitter 4 as
méntioned above. This is bectause, contrary to the first
embodiment, the refractive power of the multi-lens 7 can be
small when the convex lens 21 is disposed in front of the
polarization beam splitter 4, and this is advantageous from
the viewpoint of the design of the multi-lens 7.

However, even in this case, if the lens design is not
considered, the convex lens 21 can in principle be disposed
behind the polarization beam splitter 4 (between the
polarization beam. splitter 4 and the convex lens 22).

In the second embodiment, if the convex lens 21 is
disposed behind the polarization beam splitter 4, the lens
that is driven for correcting spherical aberration may be
either the convex lens 21 or the convex lens 22.

However, even here, due to the same reason as that in

the previous first embodiment, it is better to use the



called a collimtor I ens system 23. Here, in the
second enbodi nent, the convex lens 21 is disposed in
front of the polarization beamsplitter 4 as

‘menti oned above. This is because, contrary to the
first enbodinent, the refractive power of the
multi-lens 7 can be small when the convex lens 21 is
di sposed in front of the pojgarization beamsplitter
4, and this is advantageous from the viewoint of
the design of the multi-lens 7. However, even in this

if_the | ign is not | dered, t

EBRTkstt et 215ER PR AP prBond oR EpHECtE™ dPndbe
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equal to the conbined foca
is longer than the focal length of the collimator lens

system 23.

In other words, in this.case, the focal length of one
of the convex lenses can be set longer than the focal length
of the collimator lens system 23.

A specific example of the focal length of each convex
‘lens in the collimator lens system 23 in the second
embodiment will be given with reference to the following Fig.
S. Fig. 9 shows only the laser 2,-the convex lens 21, the
convex lens 22, and the objective lens 15 in the optical
system in the second ewbodiment. The other parts are not
shown.

For example; in the optical system in this case, a
focal length fl of the collimator lens system 23 is set at,
for example, 10 mm in view of the diameter of a laser spot

and the efficiency with which light is used as mentioned -



| engt hs of the convex lenses 21 and 22. In addition,
in this case, since the |l enses are both convex

| enses, the focal |ength of one of the convex | enses
is longer than the focal length of the collinator

| ens system 23. In other words, in this-case, the
focal length of one of the convex | enses can be set

| onger than the focal lengthkg of the collinmator |ens
system 23. A specific exanple of the focal [ength of
each convex lens in the collimtor |lens system23 in
econd enbodinent will be given with reference
to the following Fig. 9. Fig. 9 shows only the |aser

2, the eonyeadensnelsothe 1%@& eps 22, tl'?%dconhr%x
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[ ens system 3 as nen abov
sydtdm tdd s, a focal length fO of the convex | ens 22,

which is

If the focal length fO of the convex lens 22 can be set
longer than the focal length fl1 of the collimator lens
system 23, when, for example, the focal length f1 of the
collimator lens system 23 is to be set relatively short, the
focal length f0 of the convex lens 22 can be set long.

If the focal length of the convex lens 22, which
corresponds to the lens unit disposed closer to the
objective lens 15, can be set relatively loﬁg, the distance
between the éonvex lens 22 and a diaphragm of the objective
lens 15 can be set correspondingly long.

According to this, even if the focal length of the
collimator lens system is to be set short, the reduction in
the distance between the convex lens 22 and the diaphragm of
thé objective lens 15 can be restricted, thereby making it
possible to prevent the reflective mirror 13 and the

diaphragm of the objective lens 15 from interfering with

each other.



driven by the lens driver 12, is set at 13 nmm which
is longer than the focal length fl of the collinmator
|l ens system 23. If the focal length fO of the convex
| ens 22 can be set |onger than the focal |ength fl

of the collimator | ens system 23, when, for exanpl e,
the focal length fI of the collimtor |ens system 23
is to be set relatively shordg -the focal length fO
of the convex lens 22 can be set long. If the foca

| ength of the convex lens 22, which corresponds to

h ' it. di d . th bj [ I
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ddnvex e¥al 10 éhetHooah1iaagbh vénd herstel HiMBEST combined
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in order to make it possible to set the ?oca 'engt h
- m@ke N possible to set the focal length of the convex lens
22 longer than the focal length of the entire collimator
lens system 23.

Here, as will be examined using the following lens
power formulas.

First, the first embodiment will be examined.

Here, the power of the convex lens 10 is ¢1, the power
of the concave lens 9 is ¢2, and the distance between the
convex lens 10 and the concave lens 9 is D.

| From the combined lens power formula, the combined lens
power of the convex lens 10 and concave lens 9 is:

$1 + ¢2 - ¢1 - ¢2 -+ D
Here, the lens power is the reciprocal of the lens focal
length. That is, the reciprocal of the value obtained by
the above formula represents a value equal to the combined
focal lengths of the convex lens 10 and concave lens 9.

As mentioned in the first embodiment, if the focal



convex lens 10 shorter than the focal length of the
entire  collimator |lens system1ll. In the second
enbodi nent, the convex |enses 21 and 22 of the
collimator | ens system 23 are conbined in order to
make it possible to set the focal length of the
convex lens 22 longer than the focal |ength of the
entire collimator |ens systgm23. Here, as wll be
exam ned using the follow ng | ens power formnulas.
First, the first enbodinent will be exam ned. Here,
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arsememrc@@aédoébw@, lens foogalvingengtdtiolsip §s the
reci procal of the value obtained by the above
dstaimiliahedpr esents a val ue equal to the conbi ned
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Here, considering that ¢2, which represents the power of
the concave lens 9, is a negative value, the aforementioned
formula becomes as follows:

1-4¢1 -D>0

It can be understood that, in order to establish the
relationship of the formula, the product of the lens power
¢1,‘which is the reciprocal of the focal length of the
convex lens 10, and the distance D between the lenses must
be less than 1. In other words, if the distance D between
the lenses is less than the focal length of the convex lens
10, the previously indicated relationship ¢1 + ¢2 - ¢1 -« $2
D < ¢1 is established, so that the focal length of the
Eonvex lens 10 is less than the focal length of the entire
collimator lens system 11.

Accordingly, in orxder for the focal length of the
convex lens 10 to be less than the focal length of the

entire collimator lens system 11 in the first embddiment,



. as nentioned above, the following relationship is
established: 4)1 + 4)2 - 4)1 4)2 D < 41 Rearranging
the ternms, the relationship becones: 4)2 - 4)1 4)2
- D<O, that is, 4)2(1 - $1 D) < 0 Here,
consi dering that $2, which represents the power of
the concave lens 9, is a negative value, the
af orementioned formula becgpes as follows: 1 - $I D
> 0 It can be understood that, in order to establish
t he relationship of the formula, the product of the

)L, .which h
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focal length of the convex lens 10, when, by the

aforementioned formula, the power ¢2 of the other lens of
the collimator lens system 11 is positive, the focal length
of the convex lens 10 can be less than the focal length of
the entire collimator lens system 11.

In other words, if the distance D between the lenses is
longer than the focal length of the convex lens 10,
disposing a conﬁex lens instead of the concave lens 9 makes
it possible to make the focal length of the convex lens 10
shorter than the focél-length of the entire collimator lens
system 1l1. Therefore, the previously mentioned advantages
of the first embodiment can be provided.

In the second embodiment, similarly, if the power of
the convex lens 22 is ¢l and the power of the convex lens 21
is 92, when, for example, the focal length of the convex
iens 22 is longer than the focal length of the collimator

lens system 23, the following relationship is established:



However, in general, the distance D between the

| enses cannot be actually nade so | arge. Therefore,
in nost cases, the structure shown in Fig. 5 is used
to allow the focal Ilength of the convex lens 10 to

be Il ess than the focal Ilength of the entire
collimator lens system11l. If the distance D between

the lenses is longer than thg focal length of the
convex |l ens 10, when, by the aforenentioned fornmula,

the power 4)2 of the other lens of the collinmator
of the

l ens,;systeem 11,1 S sitive.. the focal |ength
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+2 - +1 +2 D (distance between the | enses) >
of the focal length of the convex lens 22, and the distance
D between the lénses is greater than 1, the aforementioned
relationship is established. That is, if the distance D
between the lenses is longer than the focal length of the
convex lens 22, the relationship in which the focal length
of the convex lens 22 is longer than the focal length of the
entire collimator lens system 23 is established.

In this case, in contrast, in order to meet the
condition that the distance D between the lenses is less
than the focal length of:the convex lens 22, if the other
lens of the collimator lens system is a concave lens instead
of the convex lens 21, the relationship of the
aforementioned formula can be established, so that the
previously mentioned advantages of the second embodiment can
be provided.

Here, the structure of the optical pickup is not



In other words, the followng relationshipis
established: $2 (1 - +1 D) > 0 Here, since 4'2,

whi ch represents the power of the convex lens 21, is
a positive value, the aforenentioned relationship
uItinater beconmes as follows: 1 - +1 D < O In other
words, in this case, contrary to the first

enbodlnent when t he produc? of $1, which is the

reci procal of the focal |length of the convex |ens
22, and the distance D between the |lenses is greater
lipdired, tehehedeordmthei embddimes tat ithlashhpve sbeen described
established. That is, if the distance D between the
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VAR 25ESTEELPRS: second enbodi ment can  be provi ded.
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present invention may include one or a plurality of lenses
(first lens unit) movable in a laser beam optical axis
direction for correcting spherical aberration and one or a
plurality of fixed lenses (second lens unit).

As can be understood from the above, the term "unit" in
lens unit in the present invention refers te a unit
including one or a plurality of lenses which are movable for
correcting spherical aberration and t§ a unit including one
or a plurality of fixed lenses.

The terms "convex lens system" and "concave lens
system” refer to systems which include one or a plurality of
lenses making up the respective lens units so as to provide
a convex lens function and a concave lens function.

Although, in each of the embodiments, only spherical
lenses are used as the lenses making up the collimator lens

system, aspherical lenses or diffraction lenses may be used



limted to those of the enbodi nents that have been
described up to now. For exanple, although, in each
of the enbodinents, the first lens unit and the
second lens unit of the collimtor |ens systemare
each a single lens, they may each be a conbination

| ens, such as a doublet |ens, dependi ng upon, for
exanpl e, the actual conditicis of occurrence of the
vari ous aberrations. In other words, the collinmator

| ens system of the present invention may include one
©imid alyr abpbydohig | @Raes foif ekainpl @ensthidondimyvahkeof
in a laser beamoptical axis direction for
corymeencegosphericad alsemedtions.and one or a

plurality of fixed | enses (second lens _unit). As can

be uhBiefRewbd e smderstapdvey tirsa skhlighi tr the art

lens uniit in the present invepntion refers.to unit.

SHh GRPAGUOROGrE LA EYTBEnR By RPCRogpEhat ions
v (o Leal - ratlo

R AEErp flong WhE eghe BEBERUPRy AL e ddEx oherts

ahide ot BE B SIIMEX NRESrSHSt EREy ald WGR@REAVEh efiSope of

systent refer to systenms which include one or a

theuspbehdedfcldimises Ghki squinaldits ehpeebfve | ens

units so as to provide a convex lens function and a

concave |l ens function. Although, in each of the

enbodi nents,. only spherical |enses are used as the

| enses making up the collimtor |lens system
aspherical lenses or diffraction | enses nay be used




35 simlarly dependi ng upon, for exanple, the
conditions of occurrence of various aberrations. It
shoul d be understood by those skilled in the art

that various nodifications, conbinations,

sub-conbi nations and alterations may occur dependi ng
on design requirenents and other factors insofar as
they are within the scope of the appended clains or
the equival ents thereof. = %6 - CLAIMS: 1. An optical
pi ckup conprising at least: a |aser |ight source
emtting a |laser beam a collimator | ens system
ChdSudi ng a plurality of lenses for collinmating the
light beamemtted fromthe |aser |ight source and

i nci dent thereupon as diffused light; and an
objective lens, .the | aser .beamtransmtted through
1fhé§E5F¥%ﬁ% &Pﬁkgﬁscgn§?€ﬁ$ge?%dmﬁﬁgrdent upon the

obj ectibuer | eng,: Whersd notsheagl bifmior ,Leps system
includes a first lens unit héeld so as to be novabl e

in an alicaeltaxi sendi sestboniokb1ubenhaserheam:and &
fixed second lens unit, wherein the first lens unit
lerb s heosecondirawarunthe ddghtorseouténvgitgddi Sposedhe
l%#$%ehgg£@vixg3%gragﬂgnj&%ﬁ%ggguaggw%gpggC%Lgaggﬁfused
light; and
an objective lens, the laser beam transmitted
through the collimator lens system being incident upon the
objective lens,
wherein the collimator lens system includes a first
lens unit held s¢ as to be movable in an optical axis
directicon of the laser beam and a fixed second lens unit,
wherein the first lens unit and the second lens unit
are consecutively disposed,
wherein wave aberration i1s produced in accordance with
the movement of the first lens unit,
wherein, in the collimator lens system, the first lens

unit and the second lens unit each include a convex lens

system.

2. The optical pickup according to Claim 1, wherein,
in the collimator lens system, the lens unit that is closer
to the laser light scource includes a concave lens system and

the other lens unit includes a convex lens system.



the nmovenent of the first lens unit, wherein, in the
collimator lens system the first lens wunit and the
second |l ens unit each include a convex |lens system
2. The optical pickup according to Caim1, wherein,
in the collimtor |lens system the lens unit that is
closer to the laser light source includes a concave
| ens systemand the other lens unit includes a
convex |lens system - 37 -~ 37 The optical pickup
according to Claimfor 2 wherein, in the collimator
| ens system the first lens unit is disposed further
away from the |aser,ddght SeW.c8, 4tOTB§agBt hgals
pi ckup according to any one of fhé precedi ng cl ai s,
wHelteti RET 1 1€ MRS 8L Dgnat &l i1ehBgs fRedgnits £driyingt he;«
first lens unit in the optical axis direction of the
id dsepodecafmrBierTheappironatheilekap ldgbor shnget 0 any
one of the preceding clains, wherein the foca
l ength of the first lens wunit is set shorter than a
val%g %%%glghgiﬁgpbined focal lengths of the entjre

col I'i'mat'sr Fens &y st e B, 2ARCEPEIEalt ity ddiA ¢t the

pﬂgﬂaayﬂ@ Egaﬁmﬁgcgﬁgkﬂgr Qgﬁﬁfiéfﬁbzﬂuﬂf¥#f%g mechanism
reproduci ng operation on an optical disc recording

dmedingnthd heirept teak dhsc ideviheeccdMMl SxNG: d@Pection of
optical pickup including at |least a |aser |ight
theodpe’r &¥PEting a | aser beam a collimtor |ens
system

5. The optical pickup according to any one of the
preceding claims, wherein the focal length of the first lens
unit is set sherter than a value equal to combined focal

lengths of the entire collimator lens system.

6. An optical disc device performing a recording
operation and/or a reproducing operation on an optical disc
recording medium, the optical disc device comprising:

an optical pickup including at least a laser licght
source emitting a laser beam, a collimator lens system

including a plurality of lenses for collimating the light



including a plurality of |lenses for collimting the
light 38 - .e beamemtted fromthe [ aser |ight
source and incident thereupon as diffused |light, and
an objective lens, the |aser beamtransmtted

t hrough the collimtor |ens system being incident
upon the objective |l ens, wherein the collimtor |ens
systemincludes a first Ilens unit held so as to be
movabl e in an optical axis sglirection of the |aser
beam and a fixed second | ens unit, wherein the first
lens unit and the second lens unit are consecutively

i d, Wwher ei b tion.i duced in_ .
RoR CENSE W {hEOR he RouBner P The T TEt Tene pRieent
Wﬁ%&@hﬂon'Qst%ﬁi%ﬁké&”§58£tleQﬁd?%ﬁ?%gﬁeE@ﬁvé'ﬁ%hs, the

| ens unit and the second’l ens unit ea i ncl udé a

CeR¥eXpebk@NSroysh £Med’ thiB@gBPtheakboli SRatBVIIERs system
according to Claim 6, wherein, in the collinmator

[rensgsystamntt heoheris: whijtctivmtlens, cl oser to the

|l aser |ight source includes a concave |ens_system and

t he othereiens?unfeli A tdes &S COINER |H@R3USHSEt amiirst
%9 8.E1@e}%ﬂ&£cal dis%Od vi ce according to

[=5a1 u S0 e INova e 1in Otgl n]e6axis
or 7, "wheréin, Th the "Col1S nator 1%ens” s§st S TR

fdikstel &S s uniet 1k SedirtRasedafardihen avwayq hegmihe
| aser |ight source..

wherein the first lens unit and the second lens unit
are consecutively disposed,

wherein wave aberration is produced in accordance with
the movement of the first lens unit

wherein, in the collimater lens system, the first

lens unit and the second lens unit each include a convex

lens system.

7. The cptical disc device according to Claim
6, wherein, in the collimator lens system, the lens unit
thatlis closer to the laser light source includes a
concave lens system and the other lens unit includes a

convex lens system.



9. The optical disc device according to any one of
clains 6 to 8, further conprising a driving nmechani sm
driving the first lens unit in the optical axis
direction of the |aser beam 10. The optical disc
devi ce according to any one of clains 64t,0 9,
wherein the focal length of the first lens wunit is
set shorter than a val ue equal to conbi ned foca

| engths of the entire collimtor |ens system

_39_

8. The optical disc device according to Claim 6 or 7,
wherein, in the collimator lens system, the first lens

unit is disposed further away, from the laser light source.

9. The optical disc device according to any cne of
claims 6 to 8, further comprising a driving mechanism
driving the first lens unit in the optical axis direction of

the laser beam.

10. The optical disc device according to any one of
claims 6%to 9, wherein the focal length of the first lens
unit is set shorter than a value equal to combined focal

lengths of the entire ceollimator lens system.



