OPTI CAL 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 optica
“di'sc”devi ce which uses the optical pickup for
perform ng a recording and a reproduci ng operation on
an optical disc recordi ng-nedi-um and, nore
particularly, to an optical disc device suitable for a
structure which corrects spherical aberration by
moverrent_of gy |afspptxap oAl IdBYhy beBE suplem in an
optical axis direction of a |laser beam scription
of the Related Art Fig. | only shows the structure of
an optical systemin the structure of a rel ated
optical pickup 100. In Fig. 1, first, a | aser beam
emtted froma laser 102 is rotated at a polarization
angle-at a 1/2 wavelength plate/grating 103 and is
divided into three beans by a grating function. O
the three divided |light beans, the 1ight beam
‘reflected by a polarization beamsplitter 104 is - 2
transmtted through an illustrated convex | ens 105 and
is focused on a nonitor photodetector 106. A signa
obtained at the nonitor photodetector 106 is used to
control the intensity of the light beamw th which a
disc 50 is irradiated. O the divided |light beans,
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@. Field of the Invention

The present invention relates to an optical pickup and
an optical disc device which uses the optical pickup for
perforﬁing 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




t hrough the pol arization beamsplitter 104 is
transmtted through an illustrated convex | ens 110.
The convex lens 110 functions as a collimtor |ens.
The light transmtted through the convex lens 110 is
generally collimated and is reflected by a reflective
mrror 113. The convex lens 110 is also called a
collimator lens 110. The 1ight reflected by the
reflective mrror 113 is transmtted through an
illustrated 1/4 wavel ength plate 114, and, then,
trasses t ted otighbwih @) eClhyverdens cbhbeknl@igleros @andobes
focused as a beam spot on a recording |ayer of the
fficsiseB00n La ghdnirtefd gbbeddstem dihd Osec oAds hgnd laydrt adined
the disc 50 inpinges upon the polarization beam
afplthet Beni oo hedagecteandtf tised sedr bagtritiel the
.aforepmentioned path in the reverse.  direction. The
SPEERELFE Por T te@PhePeam (el 1 ARS AeioE itbigh an
AL ed nulti-lens 107, and inpinges upon a
15%8H§%£%%tection phot odet ector 108. In this case, the
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Reflected Iight information obtained at the signa
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RF signal, various servo signals, and an address
tBirgwath .anAn ldpisitcaked ysiremssdelsaglohat shown in Fig. 1

is designed so that the amobunt of spherica

aberlhgt coRVBBEcheies 110 functions 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.

The 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 cf the disc
50.

Light reflected from the recording layer of the disc 50
impinges upon the polarization beam splitter 104 by being
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.




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 layer is set
—at a value assuned to be a reference value under the
condition that parallel light which has exited from
the collimtor |lens 110 passes through the objective
lens 115 in order for the Tecording |layer of the disc
50 to be irradiated therewith. Therefore, for exanple,
when cover thicknesses differ according to discs 50,

or vkeflexdeéar 11 Bheknessemtdon bBEQ NG ARSI $i16hal
mul ti-layered discs differ, spherical aberration
deteut $oh il ireltaichoexl et is ket Ebeogent hatsingy el 8/
hitherto, it has been possible to correct spherica
saBBRE at YOH AMfe s Ner 61dgnal s digndepanaddress thanedver

t hicknesses according tQ discs 50 or when the discs
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optical axis direction in order to nove an obj ect

repeitedfto bherobyeetine-ders "] 1branth inkakeh82MNEVE sC
surface by this - 4 action, so that spherica
S@ber rdte grcpsding rbried.isThhies abld beldesasuned to be a
nmore detail with reference to Figs. 2A and 2B. Figs.
referange2 Badne yurdrmscisheondébion 0that theaddeli kgl
lBQ§ 110, anpd tpe ijective_Iens 115 in_the.
which has exited from the collimator lens 110 passes through
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




structure of the optical systemshown 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 beam optical axis direction, and
a |l aser beam which has exited fromthe collimtor |ens

110 is a substantially parallel light beam (light beam
of an infinite systen). Theioptical systemis
designed so that, .in this state, the anount of

spherical aberration beconmes a m nimum when the cover

atzégig) ness Phat [%k@ﬁ%a@oﬁfa§ﬂf’atirﬁ &r5668§r1¥g£n§&.-115i g.

Ows "a st a I'n whic e collimtor is

noved i § Qfi 1BX P e scBYbéd PedRi-er Akpeth ami irelrfewahds to
the objective lens 115 in the | aser beam optical axis
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Sgltri ght beamof a finite system. According to the
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change ifferently froma wave surface shown in Fig.
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erration. Here, the
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aberration, spherical aberration can be corrected in
13B8cbf s stianfiighey 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 wvalue.

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 parallel 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.




di fferences in the cover thicknesses and differences
in cover thicknesses according to recording |ayers.
SUMVARY OF THE | NVENTI ON The anmount by which the
collimator lens 110 is noved in the optical axis
direction in order to correct spherical aberration as

nment i oned above varies dependi ng upon the .foca
l ength of the collimtor lerks-110. In other words, in

this case, the wave surface aberration is
proportional to the square of the nunerical aperture
NA ofietdie tlj aebude ekt ibhewNch Scide i NBLam bys
radi us focal length x refractive index of the
sobjectedeto |as bkl 5djThes®for ehe hmbhst apemioteeeat dhe
objective lens is constant, the smaller the focal
thengehl ifafeon deger 11e NA thedl,uby theorberrapdods, | f
foc | ength is short, the wave surface can
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Therefore, if the focal length o mat or
- 6 110 is short, in order to correct spherica
aberration by the sane anount, the anount by which

SYMEARDIGE FHEOENVENBIANO is noved is reduced. In
contrast, if the focal length is |ong, the anount by
whi het peowndt Gyhahdch| eive Aaldl iima tpovédns 110 is moved in

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
Iby 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. 1In 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 increased. The focal length of the collimator |ens

110 is determ ned by two opposing factors, the
efficiency wwth which the | aser beam which has exited

fromthe laser 102 is wused and the dianeter of the

beam spot. Therefore, this value will lie within a
certain range. This will be described with reference

to the next Figs. 3A and 3B Figs. 3A and 3B al so
show only the laser 102, the collimator |ens 110, and
the objective lens 115 in the structure of the
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an exanpl e of a case oca
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upon the collimtor lens 110 at a stage when the
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| aser 102 is relatively |low as shown in the figure.
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the intensity of its center portion tends to be
ugeeased fHwaniithetent enstiy Wfar pot. Theréfore, this
value will lie within a certain range. .

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 objectiwve lens 115 in the
structure of the optical system shown in Fig. 1.

First, 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 £ 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 1t 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




peri pheral portion as shown in the [ight intensity
distribution by a thick line Ain the figure.
Therefore, the intensity of the peripheral portion of
the light which exits towards the objective |ens 115
is also low Therefore, the objective | ens 115 cannot
properly narrow the beam spot, resulting in a state
that is equivalent to a state in which the nunerica
aperture NA of the objective lens 115 i s reduced.
Fig. 3B shows an exanple of a case in which the foca
liengkhnbaof shdwe: camlel MBESF 1185 LLAn $nABESH Pn the
this case, the laser light beamemtted fromthe

doddenadd? iend 11eliat kieh yrisgatdher edeshai©y icr iRl denter
upon the collimator Ilens 110, and is such that ‘the
pairt e eterdhatonden grheteéntErsi thheofinicesstentafalits
portion and the intensity of its peripheral portion
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laser 102 is wused with [ower efficiency than in the
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to obtain sufficient |aser power when, for exanple,
ngparfoitiienyeancopdt ngresulliénef bnea dtwecef abak Length f

of the collimtor lens 110 is set so that the dianeter
eqﬁqu%§n¢a§@r3555@t¢§an@&ph the numerical aperture 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




to or less than a predeterm ned di aneter and the
efficiency with which the light is used is equal to
or greater than a predeternined efficiency.

Sati sfying these conditions causes the focal length f
of the collimator lens 110 to inevitably fall wthin
a certain range. The specific nunerical value of the
focal length f of the colligmator |ens 110 which
inevitably falls within a certain range in view of
both the diameter of the |aser spot and the
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probl ens " nmay occur. Here, as shown in the next Figs.
tAA apll#Bitcx deaphtagmvhich inevitably falls within a
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 the 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 f of the collimator




(that is, a diaphragm 115a of the objective lens) for
.incident light fromthe collimator lens 110 is
di sposed at the objective |l ens 115. The objective
| ens di aphragm 115a is disposed to cause light to
I mpi nge upon a proper effective dianeter of the
objective lens 115. Figs. 4A and 4B show a state in
which the collimtor Ilens-140-is at its reference
position and a state in which the collimtor lens 110
is noved in the |aser beamoptical axis direction,
ivel r n t
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i sposed near. the rear focal point of the collimator
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collimator lens 110 and the objective lens 115 -- 10

lane UiGpesed dssneaféeonet goeveiofvknda tdtkodal which
tLgrggflég;tor lens 110 is moved in the laser beam optlcal
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 lems 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
.1ight 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 iens 115 is set
substantially equal to the focal length of the collimator
lens 110.

When the collimator lens 110 and the objective lens 115




the collimator |lens 110 | ong as nentioned above nakes
it necessary to correspondingly increase the distance
fromthe collimtor Iens 110 to the objective | ens
115 (the objective |ens diaphragm 115a). In other
words, fromthis point also, when the focal Ilength f
of the collimator lens 110 is to be long, it is
difficult to reduce the sizggof the optical system In
contrast, if the focal length f of the collimator

| ens 110 nust be short, according to the f oregoi ng
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pi ckup which allows the tocal Ten 0 ['TT mat or

| engnt @ontddst, if the focal length f of the collimator
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
1152 and the reflective mirror 113 may interfere with each
other.

Accordingly, in the structure of the related optical
system, the focal length £ 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 providé an optical

pickup which allows the focal length of a collimator lens to




be set with freedom and an optical disc device using
the sane. Therefore, according to an enbodi nent of the
present invention, there is provided an optica

pi ckup including at least a collimtor |ens system and
an objective lens, the collimator |ens system
including a plurality of lenses for collinmating a
I'ight beamemtted froma_lggec |ight source and the
| aser beamtransmtted through the collimator |ens
system bei ng incident upon the objective Iens. The
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the | aser beam and a fixed second lens unit. In the
9imator lens system the lens unit that is closer
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system a e other lens unit may include a convex
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above-described structure, the collinmator |ens system
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the. entire callimator systemis_to be_set f
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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.

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

Alternatively, in the collimator lens system, 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 collimétor 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




- 12 wunit. In other words, even if the focal length

of the entire collimtor |lens systemis to be set to
a value within a certain range as nmentioned above in
view of the dianeter of a |laser spot and the
efficiency with which a |aser beamis wused, the
above-descri bed structure makes it possible for the
focal length of the .convex hens held so as to be
novable for, for exanple, correcting spherica
aberration to be set wth a certain degree of freedom

4Bﬁghe setting of the lens focal length of the other
ens unit. For exanple, if the collimator |ens system

has @, StHUCLINES] NeWDL C Q:h%o'%‘g@%g hgﬂét}‘f‘ﬁj:f( %?ﬂe?ﬁgtfre ‘

convex |lens systemare dispose rom a’si

deddemakbghlesd Wye em( Whato itse GRAld @ & L8l ephptigigyst em
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the entire collimtor lens system Alternatively, if
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collimator ens systemso as to have two lens units
whekes ddrtpessibleeé 0o etreblitnf Boathd et Rf of the lens
focal length of the other lems 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 length of

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




one of the lens units with a certain degree of freedom
by 13 the setting of the focal |length of the other
lens unit. Here, even if the focal |length of the
entire collimtor lens systemis determned to a
certain value in view of the dianeter of a | aser spot
and the efficiency with which a |aser beamis used,
the focal Iength of one of -the lens wunits can be set
with a certain.degree of freedom In addition, if, for
exanple, the collimator lens system has a tel ephoto
system structure in which a concave |ens system and a
conve tiens ofyshenfared diesgobedt f thgmaodhesi densf Ui He

| aser light source, the focal |ength of the _copnvex
Heres systemichhe bioasdt lenatheptt Hith oot reoEal L 14t 1ens
of the entire collinmator Iens.systfn1.According Eﬁéthe
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the optical system can_be reduced in sj.ze.
lens s@stem andyé convex lens system are %1sposed from a

side of the laser light source, the focal length of the
convex lens system can be set shorter than the focal length
of the entire collimator 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 amount 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 correcting spherical aberration can be
rreduced, even if the focal length of the collimator lens
system has to be set long as mentioned above, the optical
‘.8ystem can be reduced in size.

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

convex lens system is moved for correcting spherical




In addition, if the anmount by which a lens of the
convex |lens systemis noved for Correcting spherica
- 14 aberration can be reduced, it is possible to
correspondingly set the distance between the convex
| ens and the di aphragm of the objective |lens shorter,
so that, even due to this, the optical system can be
reduced in size. For exanple4 +f the collimtor |ens
systemhas a two lens unit structure including a
convex |l ens systemand a .convex |ens system the
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thanobelwelt dystgar canhbe tdundedcah kikagth of the
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illustrate the setting of the focal
entire collimator lens system. According to this structure,

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.

ERIEF 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 objective lens;




l ength of the collimtor lens; Figs. 4A and 4B
illustrate the relati onship between the positions of
the collimator |ens and an objective lens; - 15 Fig.
5 primarily shows only the structure of an optica
systemin an optical pickup according to a first
enbodi nrent of the present invention; Fig. 6
illustrates a specific exggg%e_of the focal Ilength of
a convex |l ens when a colli or |l ens system has a
related structure including one lens unit; Fig. 7
illustrates a specific exanple of the focal |[|ength of
a coFid¢mel arrimend 1yyshews aonlt hbef starcharmytdf en aptical
convex lens in the first enbodinent; Fig. 8 primarily
SYEERE BRI g0 t PR Galu PLGKEPORCEIE EY &4l 2 E%%Erﬁqﬂwd&ﬁ‘em
cgptkpal gickup according to a second enmbodi ment  of

h&Pfr BEBRET VBRIt dR™ and Fig. 9 illustrates a
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regabedi senidturef dnctadiydg ngheoudtentshenitventi on wil |
hereunder be described. Fig. 5 primarily shows only

t he Big.uct ddduetrateopt isgaiciidgsexannle af §pei faral

pi ckup | accordin% to a first enbodi nent,

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

DESCRIPTICON 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




In Fig. 5 first, a laser beamemtted froma |aser 2
is rotated at a polarization angle at a 1/2 wavel ength
plate/grating 3 and is divided into three beans by the
- 16 grating. of the three divided |ight beans, the
light beam reflected by a polarization beamsplitter
4 passes through an illustrated convex lens 5 and is
focused on a nonitor photoggtector 6. A signal

obtai ned at the nonitor photodetector 6 is used to
control the intensity of the |aser beamw th which a
disc 50 is_irradiated.  A.thqugh the 1/2 vel engt.h
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separate parts.

Of the divided laser beams, the light beam that has

passed through the polarization beam splitter 4 is as

Idiffused 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 mirror 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 recording 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




.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 beam
splitter 4 through the same path in the reverse
direction. The light is reflected by the polarization
beam splitter 4, is -- 17 transmtted through an
illustrated nulti-lens 7, .ang —_i npi nges upon a signa
detecti on photodetector 8. In this case, the
multi-lens 7 used has a cylinder surface. Reflected
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occurs to a certain extent.
r"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 1s formed so as to be movable in an optical
axis 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




To overcone this problem even in the optical pickup 1
according to the first enbodinent, a |lens of the
collimator |lens system1l is formed so as to be
novable in an optical axis direction of the |aser
beamin order to correct spherical aberration when
there are differences in the cover thicknesses
according to discs 50 or wh%% the discs 50 are - 18
mul ti-layered discs as nenti'oned above. In other
words, as shown in Fig. 5 in this case, a lens
driver 12 is provided for noving the convex |l ens 10 of
PRettolavarscofiFeRsas yRedhoredi APPWR: optical axis
directio of the |aser beam The |lens driver 12
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direction by the lens driver 12 in this way, as
Pf enHeOURlsyr Hesari bed with reference to Figs. 2A and
2B, the | aser beam which has exited fromthe convex
| ensThe beworssver ilghepebezan dfo mofenthe eymtasmlens 10
Therefore, the wave surface of the_ |aser beam
ithdihgeRPtiupdh aHeE shirectior okrdel3aservhepBdin By
varying the. wave surface of the |aser .beamincj dent
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Lch has exited fromthe objective lens 15 is
subj écted to a

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

_ 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




. predeterm ned wave surface aberration in accordance
with the anount of novenent of the convex lens 10, so
t hat spherical aberration can be corrected. As can be
understood fromthe foregoing description, according
to the optical pickup 1 of the first enbodi nent, the
collimator |lens system 11 includes two I ens units,

that is, the convex lens-1@g(first lens unit) held so
as to be. 19 novable in the optical axis direction of
the |aser beam by the lens driver 12 and the fixed
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9 and the convex lens 10 are di sposed consecutiV
dniam.a side of the laser 2 serving as a | aser Ilght
source in that order. Accordingly, by form ng the
col INavst epdaaiscaydyemhkl coddimatdo have dystehen’d has
~units, the focal length of the collimator |ens system
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other lens. In the first enbodi ment, by using the

t el aphkoraify3tyeMy forming the collimator lens system 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




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 Iength of the convex |ens

10. In other words, according to such a tel ephoto
system structure, the focal |ength of the convex | ens
10 is-shorter than the fgpné | ength of the collimator
| ens system 11. The first enmbodi ment in which the
-collimator lens - 20 system 11 has a tel ephoto system
structure including two lens units, that is, the
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6 shows a case in which the <collimtor |ens system 11
"has only one lens unit as in related exanple, and

Fig. 7 shows a case in which the collimtor |ens
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optical pickup 1 will only be shown. The other parts are
not shown.

7 Of 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 diameter of a laser spot formed by the cbjective
‘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 fl1 of the collimator lens
system is determined to a value within a certain range in
view 6f the diameter of the laser spot and the efficiency

with which light is used.
For example, in this case, the focal length f1 of the




3B, the dianeter of a | aser spot forned by the
objective lens 15 and the efficiency with which a

| aser beamemtted fromthe laser 2 is used are

det ermi ned dependi ng upon the setting of the foca

| ength of the collimtor |lens system [In other words,
a focal length f1 of the collimator Iens systemis
determned to a value withip,a certain range in view
of the dianmeter of the |asef spot and the efficiency
with which light is used. For exanple, in this case,
the focal length f1 of the -- 21 collimator |ens
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convex lens 10. In addit] on, in thls case,
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structure including two lens units is used, the focal length
f of the collimator lens system éan be equal to the combined
focal lengths of the concave lens 9 and the convex lens 10.
In addition, in this case, incorporating the concavé
lens 9 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 fl of the entire collimator lens system. For example,

when the focal length fl1 of the collimator lens system 11 is

‘equal to 20 mm, the focal length f0 of the convex lens 10 is

".set at 13 mm.

" 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




length fO of the convex lens 10 to be shorter than the
focal length f1 of the entire collimator |ens system

For exanple, when the focal length fl of the
collimator lens system1ll is equal to 20 mm the
focal length fO of the convex lens 10 is set at 13
mm Accordi ngly, when the tel ephoto system structure
including two lens units i-spused, the focal |ength of
the convex lens 10 which is driven in the | aser beam
optical axis direction for correcting spherica

&bsy Akl 9an5ap, e shorter than the focal length in
the structureincluding - 22 only one lens unit.
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aberration can be increased in correspondence with a

objrairied: drigntls is proportional to the square of the
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 sguared 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 caﬁ 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




In addition, according to this, since the focal |ength
can be reduced, the anmount by which the convex |lens 10
is mnoved for correcting spherical aberration can be
reduced in correspondence with a squared anmount. More
specifically, in the structure including only one

l ens unit, the focal length of the convex lens 10 is
20 mm whereas, in the firgg enbodi ment, the foca

| ength of the convex lens 10 can be 13 nm Therefore,
(13 20)2 = O 4 As a result, the anount of novenent
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i nterval between the convex lens 10 and the refl ective
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optical systemcan be reduced in size. |In addition,
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in the above-desc manner, e convex ens 1
the driving amount of a motor in the lens driver 12 can be

reduced. Therefore, it is possible to reduce the size 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 objective 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 objective 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




and the objective | ens 15 can correspondi ngly be

di sposed closer to each other. In other words, as
previously described with reference to Figs. 4A and
4B, a diaphragmfor causing light emtted .fromthe
convex lens 10 of the collimator |ens systemto
properly inpinge upon an effective dianeter is
actually provided at the _objective |lens 15 (objective
| ens di aphragm 115a in Figs. 4A and 4B). Since, from

t he viempoint of calculation, variations in the
from.the objective |en
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thengogal chendid o4t thhoronvashdendi d0anee betsweshord, the

convex lens 10 and the objective lens 15 can be
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furt her away from

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. 1In 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




the laser |ight source 2 than the polarization beam
splitter 4, the .concave lens 9 nay be disposed in
front of the polarization beamsplitter 4. In other
words, the concave Ilens 9 may be di sposed between the
pol ari zation beam splitter 4 and the 1/2 wavel ength
pl ate/grating 3. However, fromthe viewoint of |ens
design, it is better to dlﬁgose the concave lens 9
behi nd the polarization beamsplitter 4 as shown in
Fig. 5. In other words, in this case, it is generally
desirable for the focal.len th at the side of the
ednfieairedeprcthercripitetloddtec Eﬁc%ﬂ(#ﬁﬁﬁiﬁ PEntRR TIGHE

concave lens 9, convex lens 10, _and nulti-lens, 7) I0
a order
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chcadBd] 8hb t § -dehScohvkaniens tTan tike rkdeattiengidweof of
the concave Iens 9 and convex |lens 10, the refractive

. ghewenlof-léme Tl isekens #sito dmt negagiveo be

negative. Considering such an assunption, if, as
" ment§orddeatioge suckhah corfeEpEipansi fIQﬁ(ﬂQﬁﬁéQ@.d fpove,
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: %fngga Jgig%ﬁbre%ﬂu‘ct%et Iplg %‘91 3\a/e éargiggﬁgef ?gv?ngf hof the multi-
f%h@m@Qhﬁgt(ge increased because the concave lens 9 is not
interposed. This is not advantageoﬁs 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 9 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




the design of the nmulti-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 nent, the convex
lens 10 is driven for correcting. spherica
aberration, the concave |ens 9 may be driven.
However, even here, it is belter to drive the convex
lens 10 as in the structure showmn in Fig. 5 |If the

concave lens 9 is driven, in order for the drive
berration
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t he.’power of the convex |lens 10 are set - | ar ge.

iAs prttesukd, usk i dtangtirietgeacay eHiens tiel onvex lens 10
correspondi ngly di sadvant ageous fromthe vi ewpoi nt of

ilsedgivdesi gn. Consequently, fromthe viewpoint of |ens
design, it is better to use the structure in which
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an_optical pick 20 accordin tQ.a second epbodi ment
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LI mrily shows only the structure of an optical
s%éteh1in the optical pickup 20 according to the

secafd;. 8 primarily shows only the structure of an optical
- system in the optical pickup 20 according to the second
embodiment.

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. In other words, as viewed from the

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




enbodinment. . In the figure, corresponding parts to
those described in Fig. 5 are given the sane
reference nunerals and will not be described. In the
opti cal pickup 20 according to the second enbodi nent,
the structure of a collimtor |ens system includes
two lens units, a convex lens 21 (second |l ens 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 wavel ength

plate/%rating 3 and  a polarization beamsplitter 4.
Thdreghvek Fenpdzrrigatipspbeay wdikéen fheand the convex

ol arizati on bea i%thter 4 and a reflective :Q&%E s
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pol ari zati on beamsplitter 4. Based on this,
deangexikbens 22 is fornmed so as to be novable in a

| aser beamoptical axis direction by a lens driver
12. Im tthise sseond cerdrdsbidiemtnt theheo Loldatoat denkengstem
system including the convex |lens 21 and the convex
ipghading jthe camved heedl 21 mirbrtheeAsn¥sxtken P2 Here,
chide, sgaqnd enporiment,, the qonvex lens 21 is

Here, in the second embodiment, the convex lens 21 is
disposed in front of the polarization beam splitter 4 as
mentioned above. This is because, 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, i1f the lens design is not
éonsidered, 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




di sposed in front of the polarization beamsplitter 4
as nentioned 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 polarization beamsplitter
4, and this is advantageous from the viewoint of the
design of the nulti-Iens 7. Jdowever, even inthis
case, if the lens design is not considered, the
convex lens 21 can in principle be disposed behind
the pol arization beamsplitter 4 (between the
EBF%FW% EBNVBEREPEE tIFYEE ARBSt Jc%rﬁfé%felne%mm‘}he
In the ? enbodi nent, if the convex lens 21 is
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convex lens 22 is driven fromthe -viewoint of |ens
s givstehe?s <an rediso beedgabbviey tthiee copblihadt Becdlens
system 23 has a structure including two | ens units,
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enses are
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.
9. 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 embodiment. 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




convex | enses, the focal |ength of one of the convex
lenses is longer than the focal length of the
collimator lens system23. In other words, in this
case, the focal length of one of the convex | enses
can be set |onger than the focal length of the
collimator |lens system 23. A specific exanple of the
focal length of each convexsgl ens in the collimator
| ens system 23 in the second enbodinment will be given
with reference to the followwng Fig. 9. Fig. 9 shows
Qéthe | aser 2, the convex |lens 21, the convex |ens
, and the objective lens 15 |n the opt|cal system

'n the §ﬁf§%s%"b9ﬂén?8%% Tf(;bq} tg'f eghei hcotnvex

shown. For exampl €, in sys emin
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23 is set at, for exanple, 10 nmin view of the
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S§§£eﬁ12§3 mm which is longer than the focal |ength fl

of the collimtor |ens
If the focal length f0 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 fl1 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 long, the distance

between the convex 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
the 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.



system 23. If the focal length fO of the convex |ens
22 can be set longer than the focal length fl of the
collimator I ens system 23, when, for exanple, the
focal length flI of the <collimtor |ens system23 is
to be set relatively short, the focal length fO of
the convex lens 22 can be set long. If the foca

| ength of the convex |ens_23, which corresponds to
the lens unit disposed closer to the objective |ens
15, can be set relatively long, the distance between

t he conv s 22 a da dia hragn1 e obj ective
| ensTh9 i;? r?%% Gﬁ%hh%§békﬁ CrgPed
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13 and the diaphragm of the objective lens 15 from

donverf tensn gl tHorteachhat hieie focal3Oendhe efrddi rentise
of the invention have been described above. In the
cpil L smakedokiteryStefeltoncave lens 9 and the convex
lens_ 10 of the collinator | ens system 1l are conblned
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make it possible to set the focal length of the conveéx 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 + 92 - ¢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




In the second enbodi nent, the convex |enses 21 and 22
of the collimator | ens system 23 are conbi ned in order
to nmake it possible to set the focal |ength of the
convex lens 22 longer than the focal length of the
entire collimtor |ens system223. Here, as will be
exam ned using the follow ng | ens power fornulas.
First, the first enbodi nment swi LI be exam ned. Here,

t he power of the convex lens 10 is 41, the power of
the concave lens 9 is 42, and the distance bet ween t he

10 d th D F t.h
e S SR et i eogn eﬁéé’é“m&olmr%rd
Pcfcfélh@lf%gﬂﬂgx Jffe{h} ]c%n%%si ¢ONE Ve Jn%”%o%cb%re ]ﬂ

power 1s the reciproca
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val ue obtai ned by the above fornula represents a

andptequall dltodde theniFonedwii®aadldtengishspoist he
convex |l ens 10 and concave lens 9. As nentioned in the

d9tedtl iehbddi nent, if the focal length of the convex
lens 10 i s shgrter t han thg conmbi ned focal |engths of
the $brivde rett 100Zrndcénthve lens 9, since the |ens
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Here, considering that ¢2, which represents the power of
the concave lens 9, 1is a negative value, the aforementioned
formula becomes as follows:
| 1 -¢1 -D>0

It can be understood that, in order to establish the
relationship of the formula, the product of the lens power
¢1,lwhich 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
éonvex lens 10 is less than the focal length of the entire
collimator lens system 11.

Accordingly, in order 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 embodiment,




" Rearranging the ternms, the relationship becones: -~2 -
~1 ~2 - D<O0, that is, t2 (I - tl - D < 0 Here,
considering that t2, which represents the power of
the concave lens 9, is a negative val ue, the
aforenentioned fornmula beconmes as follows: 1 - ~1 - D
> 0 It can be understood that, in order to establish
the relationship of the Log la, the product of the
| ens power ~1, which is thé reciprocal of the foca
| ength of the convex |lens 10, and the distance D
between the | enses nust be less than 1. |In other

Her ddstprce ne ReSteshcEhe bersRemusthbe| dagesthan |tdes
ghe fo Ien th of ihe convex |lens 10, the
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order for the focal length of the convex lens 10 to

the besscthan dHem- iacel gl engidh wefedt ke abhdiw rthe focal
collimator lens system 11l in the first enbodi nent, -
lgnpgth hef dilst aivcweR benswekh tichéel drsesthamttlipe foawd
than the focal length of the convex |ens 10. However,
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fgggﬁllength 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
Ilonger than the focal length of the convex lens 10,
disposing a convex lens instead of the concave lens 9 makes
it possible to make the focal length of the convex lens 10
shorter than the focal length of the entire collimator lens
system 11. Therefore, the previcusly mentioned advantages
of the first embodiment can be provided.

In the second embodiment, similarly, if the power of
the convex lens 22 is ¢1 and the power of the convex lens 21
is ¢2, 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:




| ength of the convex lens 10 to be |l ess than the foca

l ength of the entire collimator |l ens system 11. If the
di stance D between the |l enses is |onger than the

focal length of the convex | ens 10, when, by the

af orenenti oned fornmula, the power ~2 of the other |ens
of the collimator lens system 11l is positive, the
focal length of the convexskeas 10 can be | ess than
the focal length of the entire collimator |ens system

11. In other words, if the distance D between the
convex
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Therefore, the previously nentioned advantages of the
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the power of the convex
of the focal length of the convex lens 22, and the distance
D between the lenses 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




‘lens 21, is a positive value, the aforenentioned
relationship ultimtely becones as follows: 1 - ~1 -
D<O01In other words, in this case, contrary to the
first enbodi nent, when the product of ~1, which is
the reciprocal of the focal length of the convex |ens
22, and the distance D betmeen the lenses is greater
than 1, the aforementioned 3felationship is N
established. That is, if the distance D between the
| enses is | onger than the focal | ength of the convex
Vgngeg2 fot teoselcelt itbasaimpodimanti< thahehéoe dedrenggiskeribed
of the convex lens 22 is |longer than the focal |ength

WY teh8oWentire collimator |ens system?23 is
ntrast, in order to

established. .In this case,, in c
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advant ages of the second enbodi nent can be provided.

foler exanie,stthecaatea bfcdiltd tdphiscaf piakupnce nét the 34
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of the odlne t he
E o%gbr wor the colllmator lens system of the

present invention may include one or a plurality of lenses
(first lems 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 to a unit
including one or a plurality of lenses which are movable for
correcting spherical aberration and fo 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




first lens unit and the second |lens unit of the
collimtor Iens systemare each a single |ens, they
may each be a .conbination | ens, such as a doubl et

| ens, dependi ng upon, for exanple, the actua

condi tions of occurrence of the various aberrations.
In other words, the collimtor |ens systemof the
present invention may includ® one or a plurality of

| enses (first lens unit) novable in a | aser beam
optical axis direction for correcting spherica
aherratliyodepBdaong Worg fplrueakmble oftHd xeddiehses of
(second lens unit). As can be understood fromthe
aboueericke of evar Lo tdbeirratiiens. unit in the present
invention refers to a unit including one or
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the eppbneédtde igrbodi FBet sSquidrdlentgheheeadr. | enses are
used as the I enses nmaking up the collimtor |ens
system aspherical |enses or diffraction | enses may be
used - 35 simlarly depending upon, for exanple, the
conditions of occurrence of various aberrations.




It should be understood by those skilled in the art
that various nodifications, conbinations,
sub-conbi nations and alterations nay occur dependi ng
on design requirenments and other factors insofar as
they are within the scope of . the appended clains or
the equivalents thereof. - 36 CLAIMS: 1. An optica
pi ckup conprising at |east: 36l aser |ight source
emtting a | aser beam collimator |ens system
including a plurality lenses for collimating the |ight
Clrga:em tted fromthe |laser |ight source and incident
t hereupon as diffused light; and an objective |ens,
the | aser beamtransmtted through the collinmator
| ens system being incident upon the objective |ens,
L whéPePREFRL AHANERaEFFPT EHO %S 78t éf7Fhcl udes a first
lens -unit held so as to be .novable in .an optical axis
i v Bctier o et Bl AT ASr PR ond | ene
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concave lens systemand the other lens unit includes
ligzghtosvexce ensd siystiewnt3thdheumpt iacaldipifckap hAogor:diang
to Caim1 or 2, wherein, in the collimtor |ens
- systenPrripetive stengnsthai ttasgnd bee Jeeosairead Ghreugh

each _i ncl ude convex | ens syste
the ceollimator fgns system belng &ngldent 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.

2. The optical pickup according to Claim 1, wherein,

in the collimator lens system, the lens unit that is c¢loser

to the laser light source includes a concave lens system and

the other lens unit includes a convex lens system.

3. The optical pickup according to Claim 1 or 2,
wherein, in the collimator lens system, the first lens unit

and the second lens unit each include a convex lens system.

4. The optical pickup according to Claim 1, 2 or 3,

wherein, in the collimator lens system, the first lens unit is




4. The optical pickup according to aiml, 2 or 3,

wherein, in the collimtor |ens system the first lens

unit is - 37 disposed further away fromthe | aser

light source. 5. The optical pickup according to any

one of the preceding clainms, wherein the first |ens

unit and the second |ens unit are consecutively

di sposed. 6. The optical pickup according to any one

of the preceding clainms, further conprising a driving

mechani sm driving the fir’st lens unit in the optica

axis direction of the |laser beam 7. The optica

pi ckup according to any one of the preceding clains,
diwipesednfwaiierabeny afton the paostcdedhitnsoaogor dance

with the novenment of the first lens unit. 8. The

optical pickup according to any one of the preceding

clainms, wherein the focal length of the first |ens
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focal. lengths of, the enfire.colljmtor .l .ens system
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18RCLAL 0D, 8N, e GO LI coper ati on an an optical

disc recording nedium”the optical disc device

conprising: an optical pickup including at |east a

| aser light source emtting a |aser beam a

col bi netloyr  benscsystpamkupnciaich ey ptar adriyt yoné of the

| enses for collimating the |ight - 38

preceding claims, further comprising a driving mechanism

driving the first lens unit in the optical axis direction of

the laser beam.

7. The optical pickup according to any one of the
preceding claims, wherein wave aberration is produced in

accordance with the movement of the first lens unit.

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

lengths of the entire ccllimator lens system.

9. An optical disc device performing a recording
cperation and/cr a reproducing operation on an optical disc
recording medium, the optical disc device comprising:

an optical pickup including at Lleast a laser 1light
scurce emitting a laser beam, a collimator lens system

including a plurality of lenses for collimating the light




beamemtted fromthe | aser |ight source and incident

t hereupon as diffused light, and an objective |ens,

the laser beamtransnmtted through the collinmator

| ens system being incident upon the objective |ens,
wherein the collimtor lens systemincludes a first

lens wunit held so as to be vable in an optical axis

direction of the |aser bearffand a fixed second |ens

unit. 10. The optical disc device according to C aim

9, wherein, in the collimtor Iens system the |lens
beamt emidtted s febosetheo ideet asleighti glsbusoer cend incident

i ncl udes a concave |ens systemand the other |ens
CReFRURFC 13Fd &4 favesAvEkIens sy sire I et iThel optd clie laser

di sc .device according to aim9 or 10, _wherein, in_ |
bEHE CRPPIE S | GREOUPLL GE  FRLIAOT o neystafd being
: c I j t h,Lpg¢l ude a convex | ens
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system cal disc device according to Claim

9, IhHeinllneWpBieiMatd 1My GQIkLAREREILENS SYFLIRMM 1ens
the first lens wunit is disposed further away, from

ut e HelSPrsd laghttosber fevadBe fhearopdtdakbldeges devieetion of
according to any one of <clains 9 to 12, wherein the

tii¢ rlstsdrehsamnind andikhe secont lehensnimit are
consecutively disposed. - 39 14. The optical disc
devi ce according to any one of <clains 9 to 13,

further nprising .a driving nechanism drivi t@f .
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wﬂéﬁﬁﬁhbeﬁp]the collimater lens system, the lens unit that
is closer to the laser 1light source includes a concave lens

system and the other lens unit includes a convex lens system.

11l. The optical disc device according to Claim 9 or 10,
wherein, in the collimator lens system, the first lens unit

and the second lens unit each include a convex lens system.

12, The optical disc device according te Claim 9, 10 or
11, wherein, in the collimator lens system, the first lens

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

13. The optical disc device according to any one of
claims 9 to 12, wherein the first lens unit and the second

lens unit are consecutively disposed.




15. The optical disc device according to any one of
clains 9 to 14, wherein wave aberration is produced in
accordance with the novenment of the first lens unit.
16. The optical disc device according to any one of
claims 9 to 15, wherein the focal |length of the first
lens wunit is set shorter than a value equal to

conmbi ned focal |[|engths of the entire collimtor |ens
system
14. The optical disc device according to any one of

claims 9 to 13, further comprising a driving mechanism
driving the first lens unit in the optical axis direction of

the laser beam.

15. The optical disc device according to any one of
claims 9 to 14, wherein wave aberration is produced in

accordance with the movement of the first lens unit.

l6. The optical disc device according to any one of
claims 9 to 15, wherein the focal length of the first lens
unit is set shorter than a value equal to combined focal

lengths of the entire collimator lens system.




