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BEAM IRRADIATION APPARATUS, OPTICAL APPARATUS HAVING BEAM
IRRADIA‘I‘ION APPARATUS FOR INFORMATION RECORDING MEDIUM, METHOD

FOR MANUFACTURING ORIGINAL DISK FOR INFORMATION RECORDING
MEDIUM, AND METHOD FOR MANUFACTURING INFORMATION RECORDING

MEDIUM

BACKGROUND- OF THE INVENTION
Field of the Invention .

The present invention felates to a beam irradiation-
apparatus, an opticai apparatus having a beam irradiation
apparatus for an information recording medium, a method.for
manufacturing an original disk for an information recording
medium, and a method for manufacturing an information recording
medium.

Desc?iptioﬁ of the Reléted Art

As information recording media, there are CD-ROMs
(Compact Disk - Réad Only Memories),.so-éalled CD-Rs, and
recordabIe-disks such aé magneto optical disks. FIG. 8 shows a
perspective view of such a-recording medium. Each of FIGS. 9A
and 9B is a schematic oblique view of a principal part showing
sections of a part of an optical disk. On a signal recording
region 2 formed on a disk substrate 1, minute concaves and
convexes 18 are formed:as shown in FIéS. 9A and B. The mingte
concaves and convexes 18 are formed by, for example, continuous
grooves 3 as shown in FIGS. 9A. Alternatively, a sequence of

pits 4 are spirally formed on each of tracks having a
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predetermined track pitch, for example, in the range of 1ym to 2
ym.

. On a signal recording surface having thé-minﬁte concaves
and convexes formed thereon, a 1i§ht reflection film or a
protection £film is fdrmed, in the case of, for example, CD-ROMs.
In the case of recordable optical disks of phase change type,
magneto optical recording type or the like, a recording layer
using a phase change_film'o: a magnetic film is formed 6n the
signal recording surface having the minute concaves and coﬁvexes
formed thereon, and a light reflection fiim and a protection
film are formed thereon.

For example, in the above described recordab;e'optical
disks, the so~called lands interposed befwéen the grooﬁés 3 ére
typically used as a rgcérding section, and the grooves 3 éfe_
used as a iight reflection section for tracking. |

Reproduction from such an information recording medium

‘such as an optical disk and optical recording onto a recordable

optical disk are qonductéd'by irradiating a laser light
typically from a rear surface of the substrate 1 opposite to the
recording sﬁrface while rotating the disk.

For example, in the CD-ROM used éxclusively for
repfoductiog, information readout and tracking are conducted by
detecting a reflected light or diffrécted light coming from the
pit 4. | .

In the recordable optical .disk, information is optically
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written ﬁrecorded) on the recording layer located, for example,
on the land portion by irradiation a laser light. By using a
reflected light, readout (reproduétion) of the recorded
inforﬁation is conducted. 1In order to irradiate a laser light
for reqordigg or reproduction always onto a predetermined track,
a reflected light from, for example, the gfoove 3 is detected
and tracking is éffected. |

‘As for the formation of tﬁe above ﬁeécribéd'minute
concaves and convexes, théy are molded simultaneously with the
molding of the disk substrate 1 by, for example, the injection
molding. Alternatively, for example, an ultraviolet ray setting
resin layer is formed on the disk substrate 1 by coating, and
minute concaves and convexes ére formed thereon. The:latter
method is the so-called 2P method (Photo Polymerization method)
or the 1iké.

In either of the injection molding ﬁethod and the 2p
method, a stamper having minute concaves and convexes inverted
in pattern as coméared ﬁith the minute concaves and convexes
formed on the disk substrate 1 ié used. For example, in the
case of the injection molding, the stamper having the above
described inverted pattern is disposed in a cavity of a molding
die, and a disk substrate having concaves and convexes
transferred from the stamper is molded by the injection molding
of resin. In the case of the 2P méthod,'the;e are included the

steps of pressing the stamper against, for example, an



4

ultraviolet ray setting resin layer coated onto the'disk
substrate, forminé thereby minute concaves and convexes; then
conducting cure using irradiation of ultraviolet rays, and thus
forming a disk héﬁingiminutg concaveé and convexes transferred
from the stamper. |

| A method for fabricating such a stamper having minute
concaves and convexes formed thereon will now be described by
referring to perspective views in respective-steps-Shqwn in FIG.
10A to FIG. 10C. 1In this case, an original disk is first
fabricated. As for the fabrication of this original disk, a
disklike substrate 11, such as a glass substrate, serving as a
substrate of the originél disk and hafing a smoothed mirror
surface is pfepared_gs shown in FIG. 10A.

Orito the smooth mirror surface of this substrate 11, a
photoresist layer 12 containing, for example, positive
photoresiét is coated by using.the rotation coating method or
the like so as to have a required thickness, such as a thickness
of 0.1 pm as shown in FIG. 10B.

Then, this photoresist layer 12 is objected to a
required pattern exposure. In other words, while the substrate
11 is being rotated around its center axis as éh0wn in FIG. 10C,
a laser beam 20 is fécused onto the bhotoresist layer 12 by a
focusing lens 21, and irradiated while it is relatively moved in
the radial directioh of the substrate 11. A latent image of

minute concaves and convexes, i.e., a latent image 22 of a
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groove or pit is forméd'along a spiral line.

The photoresist layer 12 thus objected to the pattern
exposure is developed. By doing so, there is obtained an
information :ecdrding medium having minute concaves and convexes
13 each comprised of a groove or a p;tlformed by removihg the
photoresist layer 12 aécording to a predetermined exposure
pattern. In this example, an originﬁl disk 14 for manufacturing
optical disks is pbtained. FIG. 11A or B shows. a partial
perspective view thereof.

By using the original disk 14 thus formed, a stamper is
fabricated. As for the fabrication of the-stamper, a metal
layer 15 is formed on the surface of the original disk 14 having
minute concaves and cdnvéies 13 formed fhereon by using a Ni
plating as shown in FiG. 12a. The ﬁetal 1éyer 15 is exfoliated
from the original disk 14; By doiﬁg so, A stamper 17 comprised
of the metal iayer 15 having minute concaves and convexes 16
formed by inverting in pattern the minute concaves and convexes
13 of the original disk 14 is formed.as shown in FIG. 12B.

By using the stamper 17 thus.formed, it is possible_as
shown in FIGS. 13A and 13B to obtain an optical disk, i.e., an
information recording medium 19, having minute concaves and
convexes 18 inverted in pattern as coﬁpared with the minute
concaves and coﬁvexes 16 of"the sfamper 17, i.e., having grooves

3 and pits 4 shown in FIG. 9A and FIG. 9B, by using the above

described injection molding or 2P .method.
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In this case, the stémper 17 has been formed from the
original disk 14 by the Ni plating. An alternative éethod
includes the steps of fabricatin§ a sd—called master from the.
.original disk 14 by the Ni plating, fdbricating a so-called
mother by transferring the master, and fabricating a stamper by
'transfer from the mother.

An exposure apparatus, i.e., a beam irradiation
apparatus, used in the exposuie brocess for the photoresist
layer 12 has a schematic configuratién as shown in FIG. 14.
There is provided a beam generation source 31 for generating a
laser light, to which the photoresist layer 12 is exposed. The
laser light .emitted from the beam generation source 3i is
focused and irradiated ‘on the photoreéist layer 12 of the
substrate 11 to be exposed, via a mirror 32, a condensér lens
33, a mbdulator 34, a collimatér lens 35, mirrors 36 and 37, and
an objective-lens, i.e., a focusing lens 21.

With respect. to the irradiation object, the beam
irradiation apparatus conducts a light.intensity modulation of
the beam; or conc;gtely turns on and off the beam, by using the
modulator 34 according to the latent image of.the minute
concaves and convexes to be finally obtained, i.e.,
corresponding to the exposure patterﬂ. As this modulator 34, an
acousto-optic modulator (AOM) using, for example, an optical
crystal can be employed.

In the modulator 34 using.the AOM, a compressional wave



of a refractive indei is formed in the optical crystal by making
an ultrasonic wave ihcident on the optical crystal. With
respect to a diffraction grating formed by the compressional
wave, an incident laser beam which has been incident at an angle
satisfying the Bragg condition is objected to Bragg diffraction.
There is thus obtained, for example, a primary diffracted iight
diffracted with a predeeermined diffraction angle with respect
to Oth light transmieted as -a transmitted lighé'as it'is. The-
light intensity of this diffracted light depends upon the .
intensity of the ultrasonic wave which is incident on the
crystal. In other werds, selection as to whether or not the
diffracted light is present can-be conducted by tufning on or
off the ultrasonic wéve. By using this primary dlffracted light
as the exposure laser beam, therefore, it is 90551b1e to conduct
intensity modulatién of the exposure laser beam, i.e., turn on
or dff_the exposure laser beem according to control of the .
ultrasonic wave, i.e., aecording'tb turning on or off the
ultrasonic wave. '

As the recording deneity of information recording media
such as optical disks is incfeased in recent years, hoﬁ small
the above described minute concaves and convexes, i.e., pite and
grooves are formed has become a great'problem.

In ohe method ef solfing this problem, the exposure spot--

diameter, i.e., the condensed spot diameter is made small. This

spot diameter ¢is given by



¢=1.220/N.A

where N.A. is the numerical aperture of the focusing lens

(objective lens), and. A is the wavelength of light. For making

the spot diémeter ¢ small, therefore, a light having a short

wavelehgth is used, or a fagusing lens having a large N.A. is
used.

~ As for the N.A. among them, the refractive index around
the condensed pdint can be made large by employing a focusing
lens using a SIL (Solid Immersion Lens). Therefore, its N.A.
can be made equal to or more than 1.0.

In this SIL, one of its principal féces is, for exa.mbie,
a hemispherical face, and the other of its princiﬁal faces is a
plane. By making a laser beaﬁ incident.on the hemispherical
face, a condenéed spot can be formed on the plane;

Since the refractive index at thé condensed point
becomes the refracti?e index of the SIL, the diameter of the
condenséd spot can be made sufficiently small. If, for example,
a laser beam focused by a lens havihg an N.A. of 0.9 is incident
on the hemisphericalliace of the SIL having the reflective index
of 2.0 while maintaining the focusinq angle, then a spot formed
on its plane side becomes equivalent to that focused.b& ailens
having a N.A. of 1.8. In other ﬁord%} the-diameter of the
condensed spot can be made small by using the SIL.

When a condensed spot is formed outside the plane side
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of the SIL in the case where a laser beam i& condensed by using
this SIL, however, a component having a large focﬁsing gngle
included in the focused beaﬁ is totally reflected on this plane.
and is not emitted to the outside. In this case, therefdte, the
condensed spot formed ouﬁside the SIL becomes fhe same as that
of a lens having a N.A. equal to.or'less than 1.0. In the case.
wﬁere the SIL is used, a light irradiation object such as the
exposed surfaée must be kept in such a position that phyéically
it-is not in contact with fhe plane face of the SIL, but
optically i£ is in contact therewith. In other words; the
exposed surface must be kept:in such a position that the
‘amplitude of the optical wave does not become 1/10 in the so-
called mear-by field region, i.e.ﬁ.in the light oozing regidn
for the plane. In other words, the exposed sufface must be kept
in such a position that the distance bet&eeﬁ the exposed surface
~and the plane face of the SIL is equal to or iess than

A -logel0

2nf(N.AY -1

. For =xample, when the N.A. is 1.8, the exposed surface must

be-disposed in such a position that an extremely minute distance
equal t6 approximately one fourth of the wavelength A is kept.
Whén.a beam having A of approximately 400 nm is used,

the distance equal to one fourth of the light wavelength is

approximately 100 nm. In the'configuration of the conventional
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beam irradiation apparatus such as the exposure apparatus, it is
extremely difficult to stably keep the interval between the'
focusing lens and the irradiation object at such a distance.'
For examﬁlé, in such a configuration that the above
described SIL is attéched to a servo actuator using an
electromagnetic ¢oil and focus servo is applied, it_is-now
assumed that the servo gain thereof is approxi&ately 40 dB and

-

the substrate 11 having the irradiation object such as the

photoresist layer 12 fluctuates by several umf In this case,

focusing remainder amounts to several tens nm. It is thus
impossibie to effect focus control stably with the distance
between #he:exposed_face and.the plane face of.the SIL being
equal to approximately 100 nm as described above. :

As a configuration for keeping the distance between the
SIL apd the irradiation object at a small value, there canfbe
adopted an air slider configuration of dynamic pressﬁre type in
which the SIL is floated from the if:adiation'object by wind
pressure caused by rotation of the irradiation ‘object. 1In this
case, a change of the rotation speed of the irradiation object
causes a variation of the distance between the SIL and the
irradiation object and a risk of collision between them.

As the beam irradiation apparatus, the exposure
éppafatus for fabricating an original disk which is used to
obtain an information recordiné medium has been mainly

described. However, there is. the same problem also in a beam
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irradiation apparatus included in an optical apparatus for

recording and/or reproducing information onto and/or from a high

density information recording medium such as the above described

opticél disk, i.e., included in the so-called pickup apparatus.
SUMMARY OF THE INVENTION |

The present invention enables a reliable and stable
focus control even in the case where the irradiation object is
disposed near the above described focusing lens using, for
example, the SIL to such an extent that the irradiation object
is disposed in the near-by field region.

In other words, an object of the present invention is to
provide a beam irradiétion apparétus-capable of providiné a
minute beam spot, an optical apparatus.having'sugh a Seam
. irfadiation apparatus for an inforgatipn recording:medium, a
method for fébricating an otiginal diék for an information
recording medium capable of thereéby effecting high density
reéo;ding,.énd a method for manuﬁhdtﬁring an information
fecording‘medium.

According to an aspect of the present invention, therg
is provided a beam irfadiation apparatus which includes a beam
generation source for generating at least either of an optical
beam, an electron beam and an ion beaﬁh and_a focusing lens for
focusing a beam emitted from the beam géneration souree, in
which the beam irradiation apparatus includes at least first and

second focus control mechanisms each controlling a focus
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position of the beam with respect to the focusing lens or the
same lens system forming the focusing lens in an overlapping
fasﬁion, sé as to focus the beam onto an irradiation.object by
using the focusiﬁghieﬂs.

Furthermore, according to another aspect of the present
invention, there is provided an optical apparatus having a beam
irradiatiqp apparatus for conducting recording and/or
reproducing with respect to an inforﬁation reéording mediﬁm-
includes the above.described beam irradiation apparatus of the
present invention.

- Fur£hermore, according to a further aspect of the
present invention, there is provided a method for manufacturing
an original.di#k_for an information recording medium, which-is a
meﬁhod fér manufacturing an original disk for an information
recording medium, the original disk being used to fabricate an
information recording medium having minute concaves and
convegeé_forﬁed thereon. An original disk for an infprmation
recording medium is obtained via an exposure step of conducfing
an exposure processing on a'photoresist layer coated on a
substrate 6f the original disk, by using a beam irradiation
apparatus including a beam generation source for generating at
least either of an optical beam, an éiectrén beam and an ion
beam, and a focusing lens-for focusing a béam emitted from the
beam generation source, and a developmen£ processing step of

conducting a development processing on the photoresist layer.
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Furthermore, according to a yet further aspect of the
present invention, there is provided a method for maﬁufacturing
an information recording medium, which is a method for
manufacturing an information.reqording medium'héving minute
concaves and convexes formed thereon. The method comprises the
steps of ﬁanufacturing an origipal disk, manufacturing a stamper
by using the original disk and forming an information recording
medium by using the'stamper._ | .

in this case, the step of manufacturing an original disk
includgs an exposure step of conducting an exposure proceésihg
on a photoresist layef coated on a substfate of the origigal
disk, by.using a béam irrédiafion apparatus comprising a beam |
; generation source for generating at least either of an optical
béam, an electron beam and an ion beam, and a fécusing lens for
focusing a beam emitted from the béam generation sourée, and a
dévelopment processing step of conducting a development
processing on the photo;eéist layer. |

" As described above, in the focus coh£r91 for cdntrolling
the focus éosition of the beam in the present invention
apparatus, for example, a coarse adjustment and a fine |
adjustmgnt, i.e.; focusing control in the low frequency band and
focusiﬁé control in the ﬁigh frequenc& band are conducted for
the focusing lens or the same lens system forming the focusing
lens, by control mechanisms of equal to 6r more than two'stages

including first and second control, mechanisms. 2As a result, the
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focus position adjustment'is conducted accurately and stably.

In the present invention method, an 6riginal disk is
manufactured by using such a present invention apparatus, and an
information recofﬁing.medidm is manuféctured by usipg tﬁis
original disk. Therefore, an excellent information recording
medium capable of conducting a high-density recording can be
obtained. |

In Japanese Patent Application Laid-Open No. 4-184722,
there is disclosed such a configuration éhat a focusing servo ié
conducted by using a lens having a small-diameter_and an
objective lens. In the present invention, however, the first
control and the second control are conductedffor a common lens.
As a result, position setting i.e., focusing can be controlled
more accurately énd easily. Especially in an adjustment.in'thg
near-by field region, therefore, pésitioh setting i.e., focusing
can be coﬁtrélled with high précision.and stability. |

BRIEF,DESCRIPTION OF THE DRAWINGS‘

FIG. 1 is a schematic sectional view of an example of a
beam irradiation apparatus apcording to the present invention;

FIG. 2 is a schematic sectional view showing an example’
of a focusing lens of the beam irradiation apparatus according
to the present invenﬁibn; .

FIG. 3 is a schematic configuration diagram of an

example of the focus error detector in the present invention

apparatus;
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FIG. 4 is a schematic configuration diagram of another
example of the focus error detector in the present invention
apparatus; |
FIG. 5 is.a schematic configuration diagram of a still

another example of the focus error detector in the present

invention apparatus;

FIG. 6 is a schematlc conflguratlon diagram of a yet

another example of the focus error detector in the present

invention apparatus;

FIG. 7 is a schematic configuration diagram showing an
example of a reproducing apparatus for an information recording
medium using the beam irradiation apparatus according to the

pres ent J.nventlon 7

FIG. 8 is a perepectlve view of an example of an
information recordlng medium;

FIGS. 9A and 9B are perspectlve views of prrncrpal parts
of the information recordlng medium, respectively;

FIGS. 10A, 10B, and 10C are fabrLCatlon process diagrams
of an original disk for fabricating a stamper for an information
recording medium fabrication;

FIGS. 11A and 11B are.perspective views of principal
parts showing examples of an originalndisk for stamper

fabrication;

FIGS. 12A and 12B are process diagrams of stamper

fabrication, respectively;
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FIGS. 13A and 13B are fabrication process diagrams of an

information recording medium, respectively; and

FIG. 14 is a configuration diaéram of a beam irradiation

apparatus forming a conventional exposure apparatus.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

A beam irradiation apparatué according to the present
invention includes a beaﬁ generation source for generating at
least one of an optical beam, an electron beam and an ion béam,
and a focusing lens for-focusing a beam emitted from this beam
generation source.

The focusing 1ep§ condeqses the beam on the irradiation
'object. As regards ﬁﬁe same lens sjstem forming this focusing
.lens, at least first and second focus control mechanisms for
controlling'the focus position of the beam are provided in thg
present invention. :

FIG. 1 is a schematic configuration diagram showing an
éxample of a beam ifradiation apparatus according.to the present‘I
invéntion. This beam irradiation apparatus can be applied to an
exposure apparatus for irradiating an optical beam 39 such as a
laser light on an irradiation object 40. For example, the beam
irradiation apparatus can be applied to the exposure apparatus
for fabricating the original disk whiéh is used to obtain the
stamper for fabricating an information recording medium
described with referencg to fIGS. 10 through 13.

In this case, the irradiation object 40 has such a
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configuration that the photoresist layer 12 is coated on the
disklike substrate 11 forming the original disk. Then, the
irradiatioh object 40 is héld so that it may be rotated around
its central axis O.

In this example, a beam generation source 41 is a laser
light source for generating an optical beam by a laser light;
An optical beam 39 by the laser light is focused on the
irradiation object.40; or, in this example, the photoresist
layer 12 on a substrate 11 forming an original disk, via a
mirror 42, a condenser lens 43, a modulator 44, a collimator
lens 45, mirrors 46 and 47, and a-foéusing lens 48. :

In the samé way as the modulator 34 described with FIG.
14, the modulator 44 is formed of, for example, an AOM. The
modulator 44 has a function of conducting the llght intensity
modulation of the beam, or concretely a function of turning on
or off the beam corresponding;to the irrédiation object 40 or,.
.in this example, a 1étent image of minute concaves and convexes
.fa be finally obtained, i.e., an exposure pattern.

In other words, in this case as well, a compressional
wave of a refractive index is formed in the optical crystal by
makin§ an ultrasonic wave incident on the optical érystal of the
modulator 44 using the AOM. A diffréétion_grating formed by
this compressional wave is formed. A laser beam obtained by the
primary diffiacted light of a laser beam.generated by the beam.

generation source 41 and incident .on the diffraction grating is
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used as an irradiation beam for the irradiation object 40, i.e.,
~ as an exposure optical beam.

Furthermore, the modulator 44 made of the AOM can be
made to function as a deflector for deflecting the optical beam
in a direction which is along the plané of the irradiation
object 40 and which is.perpendicular to the axis O. 1In this
case, the position of the focus caused by the condenser lens 43
is somewhat deviated so as to generate a slight spread in the
light incident on the optical crystal of the modulatpr 44. By
changing the frequency of the ultrasonid wave applied to the
optical crystal, the diffraction angle of the primary light is
changed. 2s a result, deflection can be attained.

| On the other hand, the-focusing lens 48 cén have a
double lens configuration. :

This focusing lens 48 can hévé,,fbt exqmple, sucﬁ’a
configuration that an quective lens 51 is.pro§ided and a SIL 52
as described eérlier—is disposed at an fina; end. .By thus using
the SII, thé'N;A._qan be made”large as deséribed earlier. The
irradiation object 40 must be diéposed in such a position in the
so-called near-by field region, i.e., in the light oozing region
from the plane of the SIL 52 that the distance between the SIL
52rand the irradiation object 40 is eﬁual to or less than

k-logelb
2n (N.AY -1
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. For example, when the N.A. is 1.3, the irradiation object

must be disposed in such a position that the interval between

them is equal to approximately one fourth of the wavelength A.,

This focusing lens 48 has focus control mechanisms of at
least two stages, i.e., a first control mechanism 71 for |
conducting a focus control in a low frequency band and a second'_
control mechanism 72 -for conducting a focus control in a high
frequency band.

FIG. 2 shows a schematic sectional view of the focgsing-
lens 48. As shown therein, the focusing lens 48 is disposed in
an actuator 54 which is adjusted in éosition with respect to the
irradiation object 40 taking the shape of, for example, a disk ,
disposed on a'rotating.base 53. This act;ator'54-includes the
first control méchanism 71 and the second control mechéﬁism 72.

In the focusing lens 48, the objective lens 51 and the
SIL 52 are held in a lens barrel so as to be disposed on the
same optical axis and with a predetermined position relation.
The plane side face, i.e., the final end face of the SIL 52 has
such a configuration that its central part is left and the rest
is cut off, so that in the case where another component such as
the irradiétion object has inclined, boliision therebetween can
be avoided.

The actuator 54 includes an é;m 60, an elastic body 61
such as a leaf spring or the like, and an air slider 62 attached

to the arm via the elastic body. . The air slider 62 is floated
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with respect to the irradiation object 40 by the intervention of
an air layer. A support 63 for supporting thg'foéusing lens 48
between the air slider 62 and the arm 60 is attached to the air
éliﬁer 62. The sﬁépéft.takeg the shapé of,-for example, a’
cylinder.

on an opposite end side portioﬁ of the support 63 from
the air slider 62, a displacement means 64 using, for:example,'a
piezo stack is.d19poséd. via this displacemen; means 64, the
focusing lens 48 is heid within the support 63. The final end
face of the SIL 52 is faced to a face of the air slider 62
opposed to the irradiation object 40.

In the face of thé air slider 62 opposed to the
_irradiation object 40, a nozzle 65 from which jets the air’is
provided. This nozzle 65 is supplied with high pressure air
from a high pressure air supbly source 66 through a pipe 67. -
There is thus formed a static pressure air slider in which the_
air.slider 62 is floatgd from the i;radidtion object 40 at all
times.

For the high pressure air supply source 66, a control
means 68 for controlling, for example, its supply émounﬁ and
pressure is provided; The control means conducts, for example,
an initial coarse adjustment for oppoéing the final end face 6f
the SIL 52, which is located at the final end éf the focusing
lens and neaily aligned with the face of the air slider 62

opposed to the irradiation object 40, to the irradiation object
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40 with a required inﬁé;val between them beifig kept. In this
way, the first control mechanism 71 for selecting and
determining the position of the focusing lens 48 is formed.

For example; the piezo stack comprising the displacement
means 64 is supplied with a voltage from a voltagé'supply unit
- 70. By its displacemeﬁt, i.e., its piezoelectric effect, the
focusing lens 48 is adapted to be moved minutely along an axis
of the support 63. The second control mechanism 72 for |
conducting a control of the position of the focusing lens 48
relative to the irradiation object 40, i.e., for conductinq.a
focusing control is thus formed. The voltage supply unit 70 is
adapted to sﬁpply a vdltage depending on a focus error to, for
exémple, the piezo stack comprising thé dispiacement means 64 on
the ﬁasis of a focus servo signal supplied from a detectof 69
which detects the focus error.

In other words,.the first focus éontrol mechaﬁism:71 in
the above described coﬁfiguration Condhcts, so to speak, a
control in thé low frequency.band by means of the -pressure
control mechanism using the high pressure air, whereas the
second focus contfol mechanism conducts, so to speak, a control
in the high frequency band by means of the control mechanism an
using an electric drive. The bands df the first and second
focus control mechanisms overlap each other only in control a
frequency of'a_part of the bands. -

Focus position adjustment conducted relative to the
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irradiation object 40 by this actuator will now be described.
First of all, a required voltage is applied to the.piezo stack
of the displacemeni means 64 to provide the focusing lens 48
with é displacemehﬁlin éuch a direction as-to detach the
focusing lens from the irradiation object 40. 1In such a state,
the §upp1y of high pressure air from the high pressure air
supply source 66 is controlled by the control means 68, and the
high pressure air is jetted from the'nozzle 65. While thus
keepiﬂg the air slider 62 nearly horizontally; i.e., while
keeping the air slider neafly parallel to the irradiation object
40, the arm 60 is lowered. By doing so, the pressure between
,the.air slider 62 and the irradiation object 40 becomes high as
the air slider 62 approaches the irradiation object 40. Because
of the so-called air bearing obtained by the air existing
between them, thérefore, thef do not collide with each other.
The interva; between the air slider 62 and the irradiatidn
object 40 is always neafly kept at a value of, for example, 10
pm which is sﬁffipiéntly larger than a requifed value, for _
example, 100 nm.

At this time, the interval between the foéusing lens 48
and the irradiétion object 40 is coarsely adjusted to become,
for example, 20 pm. By controlling the diséiacement means 64 in
-this'state, the focusing lens is brought close to the
irradiation 6bject 40 until the interval between them becomes,

for example, 100 nm. In addition, the fine adjustment using the
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focusing servo in the high frequency band is conducted.

The focus error detector 69 of the second focus control
mechanism 72 can be formed of a deteétion means using, for
example, a static capaci£ance. FIG. 3 shows the schematic
configuration of one example of the detection means. A
conductive film 81 such as an Al evaporated film or phe like is
formed on the face portion surrounding the flat face portion of
the SIL 52 located at the final end of the focusing lens 48. Qﬁ
the other hand, on the surface of, for example, the photoresist
layer 12 of the irradiation object 40, a semitransparent
conductive film 82 made of, for example, an Al evapofated film
which is thin to such an extent as tb exhibit high trénsparency
to the optical beam 39 is formed. A static capacitance
increasea as the distance between the conductive films 81 and 82
decreases is detected by a static capacitance detector 83.

| h.position detection signal of the focusing lens 48 tﬁué
detected is inputted to the voltage supply unit.70 of the above-
descriﬁed second‘chus ébntrol mechanism:72. A voltage
depending .on thé position detection signal is aﬁplied to the
piezo stack of the displacement means 64. In this way, the
focusing control for setting the interwal between the focﬁsing
lens 48 and the irradiation object 40‘to,_fo£ example, 100 nm,
i.e., the focusing control in-the near-by field region can be

conducted.

FIG. 4 shows the schemati¢ configuration of another
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example of the focus error detector 69. 1In this example, a
laser Doppler configuration is used. In this case, a laser
Doppler differential speedometer 86_is provided. A reflection
film 84 such as an Al evaporated film or the like is forméd.on
the beripheral face portion of the flat faéé portion of the SIL
52 located at the final end of the focusiﬁg'lens 48. On the
other hénd, on the surface of, for exémple, the photoresist
layer 12 of the irradiation object 40, a semitransparent -

reflection film 85 formed of, for example, an Al evaporated film

which is thin is formed. By emitting two length méasuring beams

87 and 88 from the laser Doppler differential speedometer 86,
the interwval between.the SIL and the irradiation objecf is
detected. | | |

In this case as weil, a detection signal thus detected
is inputted to the voltage supply dnit ‘70 to control the
displacement means 64. . :

FIG. 5 shows the schematic confiéuration of a still
another example of thé focus error detector 69. As shown in the
figure, a configuratioﬁ using a so-called off-axis method can be
used. In this case, a beam 90 for detection which is different
from the optical beam for conducting the -desired light
irradiation is incident on the focusihg lens 48 in such a state
that its axis is deviated from the optical axis. The detection
beam is an obtical beam such as a laser Beam which is different

in wavelength from the optical beam for the desired irradiation
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and which does not cause the inherent purpose of the light
irradiation such as the exposure effect on the photoresist layer
12. The'ingidence angle of tﬁe detection beam 90 to the
focusing lens 46 is deviated from the axis to sﬁch a degree that
the detection beam is not reflectgd totally on the end face of
the SIL. -

In the focus positioq oﬁ the reflected'lighg from the
surface of the irradiation_object 40 such as the surface of the
photoresist layer 12, a‘détector 91 adapted to be capable of
detecting the position is provided. The detector detects.the_
focus position by using, for exémple, a one-dimensional position

sensor. The detector is formed by arranging PSDs (Position

Sensor Diodes), spli¥ photodiodes or the like..

In this cése) refrabtive indexes of the end surface of
the SIL 52 and the surface'éf the irradiétion objéct 40 such as
the surface pf the photoresi;t layer 12.do not completely
coincide;with each oghér, even in £hé-ﬁear—by f;eld region where
they come in physical contact with each other. Therefore, én

optical interface exists. As a result, a reflected light, i.e.,

return light of the detection beam 90 is obtained. If the
surface of the irradiation object 40 is separated from the end
face of the SIﬁ 52 as indicated by a bhantom line a, the return
angle of the return light deflects as indicated by a phanton

line b. Ban butput change depending on the deflection angle can

be obtained by using the detector .91. In other words, a



26

focusing error signal can be detected from the detector 91.

By controlling the voltage suéply unit for applying a
vélt&ée to, for example, the piezo stack of thé displacemené
means 64 with the.efrot signal, focusing control using fiﬁe
adjustment of the position of the focusing lens 48 such as-
position control of approximately 160 nm, i.e., control of the
near-by field region can be conducted.

FIG. 6 sﬁows the ;chématic conf;guration of an yet
another example of the focus error detector 69. In this
example, the mirror 46 or 47 shown in FIG. 1 is formed of a beam
splitter 94. For example, a part of the return light from the
irradiation object 40/35 separated. In an optical path of the
separaﬁed return light, a condenser lens 95'and a parallel plate
92 made of, for example, glass fo; prbviding'astigmatism are
disposed. The astigmatiég, i.e., the beam séot shape is
detected by a detector 93 having, for example, a quadrant

.photodiOQe. Thus the“focusing error is detected. In other
words, a focusing error signal is obtained..

In the above described beam irradiation apparatus, the
coarse adjustment'is conducted by the first control mechanism
71, and, in addition; the fine adjustment is conducted by the
second control mechanism 72. In’othe% words, position control,
i.e., focusing adjustment in the low frequency baad is conducted
by the first control mechanism, and, in éddition, position

control, i.e., focusing adjustment in the high frequency band is
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conducted by the second control mechanism in a superimposing
fashion. As a result, the focusing of. the focusing lens 48
relative to tﬁe irradiation object 40 can be accomplished
accuratély and stably in the_near-by field region having a
minute interval of equal to or less than

A -logel0
24 (N.A) - 1

such as 100 nm.

By the way, the above deséribed beam irradiation
apparatus is not limited to a beam irradiation apparatus used
for exposure of the pho;qreéist layer 12. It is also possible
to form an optical apparatué serving'as.an optical reco;ding
apparatus which conducts information‘fecording by using, as the

irradiation object 40 shown in FIG. 1, a recordable information
.recorqing medium such as the so-Calle& CD-R, a magneto optiqal
recbrdinq medium'héviné an optical magnetic recording layer, or,
an information recording medium ﬁaving a recording layer for
recording using phase chanées. Or an optical apparatus serving
as the so-called pickup apparatus for reproducing the
information thus recorded may be formed.

FIG. 7 is a schematic configﬁration diagram of an
example of an optical-apparatus serving as a reproducing
apparatus and having a configuration accérding to the

configuration of the above described beam' irradiation apparatus.
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In the optical apparatus, the irradiation object 40 is an
information recording medium 19, and information recorded on the
information recording medium is optically read out. 1In this
optical apparatué.as wéll, a beam genefation source 41 for
generating a laser beam is provided. Ahléser beam of a linearly
polarized light obtained from the beam gener&tion SOurcé is
irradiated on the information recording medium 19 via, for
example, a polarization beam éplitter 101, a quarﬁer-wave plate
102, a mirror 103, and the above described focusing lens 48. A
return light modulated by the information of the information
recording medium 19 is passed through the quarter-wave substrate
102 again via the focusing lens 48 and the mirfor 103. By the
' quarter-wave plate, the return light is converted to a pélarized
light differing in polarizatién directiop from the inéiden£
light by 90°. .The polarized light is, for example, reflected by
the polarization beam splitter 101. ?he optical path‘of the
polarized light is thus sepdrated. As a result, for example;
light intensity, or light intensity aécording to the Kerr
rotation angle is detected by a deteétion means 104. Reproduced
output of the recordéd information is thus obtained.

In this case as well, the position control of the
focusing lens 48, i.e., the focusing éontrol is conducted by the
first and second control mechanisms 71 and 72 in the same

configuration as that described with reference to FIGS. 1

through 6.
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The Seam i:radiatioh apparatus according to the presént
invention and various components'therepf, such as the focusing
lens, the firét.and second control mechanisms, and the deiection
means of the control signals for controlling them are not
limited to those of examples of the above described FIGS. 1

through 7, but may take various configurations.

For example, in the configurations .shown in FIGS. 3 and

4, the conductive £film 81 and the reflection iilm'84 are formed
on the SIL 52. ﬁowever, they may be disposed on the suppérting
portion 6f the focusing lens 48 sucﬁ as the air slider 62 or the
like.

Fufthermo;e, in_ﬁhe p;esent invention, the exposure
proqessing for the photoresist layer 12 locatedon the substrate
11 is conducted by using the above described beam irradiation
apparatus to fabricate the origin;l disk for an informaiion
'reco:ding medium and fabricate the ipiormatibn recording medium
using the same.

In other words, in the fabrication of an original~disk
for an information recérding medium, a disklike substrate 11,
such as a glass substrate, serving as a substrate of the
oriéigal disk and having a smoothed mirror surface is prepared
in the same way as the foregoing descfiption made witﬁ reference
to FIG. 10 (FIG. 10A). Onto the smooth mirror surface of this
substrate 11, a photoresist layer 12 containing, for example,

positive photoresist is coated by using the rotation coating
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method or the like so as t6 have a fequifed thickness, such as a
thickness of 0.1 ym (FIG. 10B).

Then, this'bhotoresisp layer 12 is objécted to exposure
processing by usiﬁg'thé beaﬁ irradiation apparatus according to
the present invention described with reference to FIG. 1. In
other words, while the. sﬁbstrate 11 is being rotated around its
center axis, a laser light is focused onto the photoresxst layer
12 by the above descrlbed focusing lens 48, and irradiated while
it is relatively moved in the radial direction of the substrate
11. A latent image of minute concaves ana donvexes, i.e., a
latent image 23 of a groove or pit is formed along a spiral line
(FIG. 10C).

The photoresist layer 12 thus objected to the pattern
exposure is develpped. By doing so,.there is obtained an -
information recording medium naving-minute concaves and convexes
13 eaéh'cdmprised-of a groove or a pit formed by removing -the
'photores;st layer 12 accérding to a predetermined exposure
pattern. In this exampie,'an original disk 14 for manufacguring
optical disks is obtained. FIG. 11A 'or B shows a partial
perspective'view thereof.

By using the original disk 14 thus formed, a stamper is
fabricated. As for the fabrication Of the stamper, a metal
layer 15 is formed on the surfacé of the original disk 14 having
the minute concaves and convexes 13 formed thereon by using a Ni

plating (FIG. 12aA). The metal layer 15 is exfoliated from the
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original disk 14 (FIG. 12B). 1In this way, a stamper 17
comprised of the metél layer 15 having minute concaves and
convexesflG formed ﬁy inverting in pattern the minute concaves
and convexes 13 of the origindl disk 14 is formed.

By using the stamper 17 thus formed, it is possible as
shown in FIG. 13 to obtain an optical disk, i.e., an information
recording medium 19, having minute concaves and convexes 18
inverted.in fattern as compared with the minute concaves and
convexes 16 of the stampef 17, i.e., having grooves 3 and pits 4
shown in FIGS. 9A and B, by using the above described injection
molding or 2P method.

| In this case as well, the stamper 17 has been formed
< from the original disk 14 by the Ni plating. An alternative
method includes the steps of fabricating the so-called master
from the original disk 14 by the Ni plating, fabricating the so-
called mother by transferring the master, ana fabricating é
stamper by transfer from thé mother.

In the above described éxample, there has been described
the case whe;e the beam generated from the beam generation
source 41 is an optical beam such as a laser beam or the like.
This beam may be an electron beam or an ion beam. In such a
case, the oﬁtical.SYStem including the focusing lens or the like
can be formed by using, for example, an electronic lens formed

by an electric field and so on.

In the present invention, as described above, the coarse
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adjustment is conducted by the first control mechanism 71, and,
in addition, the fine adjustment is conducted by the second

control mechanism 72, as described above. In other words, the
position control,'i.e.,_foéusinq adjustment in the low frequency

band is conducted by the first control mechanism, and, in

addition, the position control, i.e., focusing adjustment in the

high frequency ban& is conducted by the second control mechanism
in.a.suPErimposed fashioé. As a result, the focusing by the
focusing lens 48 relative to the irradiation object 40 can be
accomplished accurately and stably even in the near-by field
rggion having the above described minute interval equal to or

less than

A -logel0 -
24 (LAY~ 1

« such as 100 nm.

In the beam irradiation apparatus according to the
present invention, accurate and stable setting is possible as
described aboﬁe, eve& if the beam irradiation apparatus has a
@ouble lens configuration and the SIL is used on the terminal
end side, and even in the near-by field région having the above
described minute interval equal to or';ess than

A -logel0
24 (NA) -1 -
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 such as 100 hm, between the SIL and the irradiation object.
As d result; the N.A. of the focusing lens can be set to a
sufficiently large value. Therefdre, the irradiation spdt
dianieter can be séﬁlfo‘é sufficiently smail value.

In the case where the pfesent invention apparatus is
used as an exposure apparatus for fabricating an original disk
for an information recordihg medium,.minute concaves and
convexes thereof can be formed accurately and with sufficient
minuteness. Therefore, the information recording medium
obtained by using the present invention metﬁod and fabricated by
using the stamper obtained from the original disk can be
obtained as a'high densiﬁy recording medium having the excellent
performance. |

Furthérﬁore, in the present invention, the.position_
adjustment and henée the focusing control of'a_common focusing
lens are conducted by control:mechanisms at a plurality of
stages. ?herefore, there can be avoided difficulty of focus
control and complexity-bf thé-apparatus caused in the case where
position control of each of a plurality of lenses is
individually conducted. A high precision, reliable, and stable
beam irradiation apparatus can be formed.

By forming the. beam irradiatibn apparatus according to
the configuration of the present invention as an optical-.
apparatus for conducting recording and(or reproducing with

respect or any one of them to an information recording medium,
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i.e., a pickup apparatus, therefore, a pickup apparatus having
excellent recording and reproducing characteristics can be
formed.

Having described preferred embodiments of the present
invention with reférenge to the accompanying drawings, it is to
be understood that the present invention is not limited to the
above-mentioned embodiments and that various changes and
modifications can 5e effected therein by one skilled in the art
without departing from the spirit or scope of the present

invention as defined in the appended claims.
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What is claimed is:

1. In a beam irzadiation apparatus comprising a beam
generation séurce for generating at ieast either of an optical
beam, an elecﬁron beam, agd an ion beam, and a focusing lens for
focusing a beam emitted from the beam generation SOurcé,

the beam irradiation apparatus-éharacterized by
comprising: )

| at least first and éecond fécus control mechanisms. each
controlling a focus position of the béam with respect to the
focusing lens or the same lens system forming the focusing lens,
so as to focus the beam onto an irradiation object by using the
focusing lens in an oyeﬁlapéing fashion.

2. A beam irradia%ioniappara;us according to claim i,
characterized in that the first focus coptrol mechanism
comprises a control mechanism for'ﬁonducting focus control in a
low frequency band, whereas the second focus control mechanism

comprises a control mechanism for conducting focus control in a

high frequency'band.

3. A beam irradiation apparatus according to claim 1,
cha;acterized in that the first and second focus control

mechanisms comprise control mechanisms for conducting focus

control in different frequency bands bverlapping each other only

4n partial bands.

4. A beam irradiation apparatus according to claim 1,

chéraqterized in that the first focus control mechanism
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comprises a pressure control mechanism using high pressure air,

whereas the second focus control mechanism comprises a control

mechanism using an electric drive.

5. A beaﬁ.ifradiation apparatus according to claim 1,
chgracterized-in that the first focus control mechanism-
compfises a focus control mechanism for always floating-an
actuator by using high pressure air, tﬁe actuétor holding the
focuéing lens and condﬁctiné poéition control of thé-focusing
lens, whereas the second focus control mechanism comprises a

control mechanism for conducting fine adjustment of the actuator
using an electric drive.

6. A beam irradiation apparatus according to claim 1,

characterlzed in that a beam for focus detectlon different from
the beam is made to be 1nc1dent on the focuSLng lens in such a
state that lts axis is deviated from an axis -of the focusing
lens, and to be 1rrad1ated on the 1rrad1atlon object, a.
deflection angle of a retu;n light. from the irrgdiation object
is detected, and a.resultant detection signal is supplied to the
'second focus control mechanism as a focus coptrol signal.

7. A béam irradiation apparatus according to claim 1,
characterized in that a part or whole of a return light of the
beam from the irradiation object is pkovided with astigmatism;
its spot shape is detected, and a resultant detection signal is

supplied to the second focus control mechanism as a focus

control signal.
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8. A beam irradiation appaiatus according to claim 1,
characterized in that a distance between the focusing lens or
its supporting portion and the irradiation object is detected as
a static capacitance, and a resultant. detection signal. is

supplied to the second focus control mechanism as a focus

control signal.

9. A beam irradiation apparatus according to claim 1,
characterized in that a distance between the focusing.;ens or
its supporting portion and the irradiation object is detected by
using a laser beam Doppler method, and a resultant detection

signal is supplied to the second focus control mechanism as a

focus control signal.

10. A beam irradiation apparatﬁs acco:dinj to claim 1,
characterized in that a distance between th; focusing lens or
its supporting portion and the ir:édiagion objéct is detected by
using a laser displacement meter, and a reéﬁltant_detecﬁion.
signal is supplied to.the seéond focus control mechanism as &a
focus control signal.

11. A beam irradiation apparatus according to claim 1,

characterized in that the irradiation object is a rotating

circular plate.

12. A beam irradiation apparatus according to claim 1,
characterized in that the irradiation object is-a substrate of
an original disk for an information recording medium coated with

applied to a photoresist layer, and the beam is focused on. the
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photoresist lajer.

13. A beam irfadiation.appara;us accpr¢ing to-claim.l,
‘chafaCterized in that the~focusin§'1ens of the beam compriseé a
double.iens. |

14. A beam irradiatioﬁ_apparatus according to qlaim 1,
characterized in that the irradiation_object is_disposed near a
final end face of a lens‘forming,the focﬁsing lens to such an

- .

extent that fhe irradiation object comes iﬁ a near-by field
region.

15. A beam irradiation apparatus accorging-to claim 1,
characterized in that a distance between the irradiation object
and a final end face of a lens forming the focusing lens is

equal to or less than

A -logel0/(2n4/ (N.A)*~1)

where A is a wavelength'of the beam, m is the ratio of the

éircuﬁference of a circle to its diameter, and N.A. is a
numerical aperture of the focusing lens (N.A. > 1.0).

16. A beam irradiation apparatus according to claim 1,
characterized in that a lens at-a final stage of the focusing
lens comprises a SIL (Solid Immersion Lens).

17. An optical apparatus having a beam generation

source and a focusing lens for focusing a beam emitted from the

beam generation source,
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characterized in that the béam irradiation apparatus
coﬁprises at léast first and second focus control mechanisms
each controlling a focus position of the beam with respect-to
the focusing lens or the same lens system forming the focusing
lens in an overlapping fashion, so as to focus the beam onto an
information recording-medium by using the focusing lens.

18. An information optical apparatus having a beam
irradiation apparatus for an informﬁtion recérding medium
according to claim 17, characterized in that the first focus
control miechanism comprises a control mechanism for conducting
focus control in a low frequency band, whereas theeéecond focus
control mechanism compfises a control mechanism for conducting
focus control in a high-frequency band. |

19. An sptical apparatus having a beam irradiation
apparatus for an information recofding medium according to-claiﬁ
17, characterized in that the first and second focus control
mechanisms comprise control mechénisms fof conducting focus
control in different frequency bands. overlapping each other only
iﬁ partial bands.

20. An optical apparatus having a beam irradiation
apparatus for an information récording medium according to claim
17, characterized -in that the first fbcus control mechanism |
comprises a pressure control mechanism using a high pressure

air, whereas the second focus control mechanism comprises a

control mechanism using an electric drive.
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21. An optical apparatus having a beam.irradiation
apparatus for an information recording. medium according to ¢laim
17, characterized in that the first focus control mechanism
comprises a focus c$ﬁ£roi mechanism for élways floating an
actuator by using a high preééure air, the actuator holding the
focusing lens and conducting a position control of the focusing
lens, whereas the second focus control mechanism comprises a
control mechanism for conducting a fine adjustment of the
actuator using an electric drive.

22. BAn optical apparatus having a beam irradiation
apparatus for an information recording medium according to claim
17, characterizeg in that a beam for focﬁs detection different
from the beam is made to be incident on the focusing lens in
such a state:thaﬁ its axis is deviated from an axis of the
focusing lens,_and to.be irradiated on the information recording
medium, a de%lection anglé of a return i;ght from the
information recording medium is détectéd, and a resultant
deteqtion.éignal is supplied to the second focus control
mechanism as a focus control signal.

23. An optical apparatus having a beam irradiation
apparatus for an information recording medium according to claim
1i, characterized in that a part or wﬁdie 6f a return light of
the beam from the information recordiné medium is provided with -
astigmatism,'its spot shape is detected, and a resultant

detection signal is supplied to the second focus control
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mechanism as a focus control signal.

24. An optiqgl apparatus having a beam irradiation
apparatus for aﬁ'inforﬁation recording medium according to claim
17, chétacteriéed in that a distance between the focusing lens
or its supporting portion and the information recording medium
is detected as a static capacitance, and a resultant detection

signal is supplied to the second focus control mechanism as a

focus control signal.

25. B2An optical apparatus having a beam irradiation

apparatus for an information recording medium according to claim
17, characterized in that a distance between the focusing lens
or its supporting-portion and the information recording medium
is detected by uSing a laser beam Doppler method, and a
resultant-deteétion signal is supplied to the second focus
control mechanism as a focus control signal.

26. An qgtical apparatus having a beam irradiation
apparatus for an informafiqh recording medium acco;ding to claim
17, characterized in that a disﬁance Eétween the focusing lens
or its'supporting portion and the information recording medium
is detected by using a laser displacement meter, and a resultant
detection signal is supplied to, the second focus control
mechanism as a focus control signal..

27. BAn optical apparatﬁs having a ﬁeam irradiation
apparaﬁus for an information ﬁecording medium according to claim

lf, characterized in that the focusing lens of the beam
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comprises a double lens.

28. An optical apparatus.having a beam irradiation
apparatus for an information recofding medium according to claim
17, characterized iﬁ-thét the information recording medium is
disposed near a final end'face of a lens forming'the focusing
lens to such an extent that the information recording medium

comes in a near-by;field region.

29. -An optical apparatu; having a beam irradiatiqn
apparatus fof an information recofding medium according t6 claim
17, characterized in that a distance between the information

recording medium and a final end face of a lens forming the

focusing lens is equal to or less than

A logel0/Crd MNA) —1) *

+ where A is a wavelength of the beam,7 is the ratio of tﬁé

éircumference of a circle to its diameter, and ‘N.A. is a
numerical aperture of the focusing lens.

30. An optical apparatus having a beam irradiation
apparatus for an information recording medium according to claim
17, characterized in that a lens at a final stage of the
focusing lens comprises a SIL (Solid Immersion Lens).

"31. In a method for manufacturipg an original disk for

fabricating an information recording medium on which fine

concave and convex are formed,
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the method for manufacturing an original disk of an
information recording medium characterized in that an original
disk for information recording media is obtained by:

an exposﬁfé step of COnducting an exposure processing on
a photoresist layer coated on-a substrate of the original disk
by using a beam irradiation apparatus comprising a beam
generation source for generating at least either of an optical
beam, an electron beam and an ion beam, and a focusing lens for.
focusing a beam emitted from the beaﬁ generation source; and

a development érocessing step of conducting a
development'processing on the photoresist 1ayer.

32. A method for manufacturing an information recording
medium having minute concaQe and convex fbrmed thereon,

the method for @anufacturing an information recording
medium characterized by comprising:

a step of manufécturing an original disk, a step -of
manufacturing a stamper by using the original disk, and a step
of forming dn information recordihg medium by using the stamper;
and in that

the step of manufacturing an ofiginal disk comprises an
exposure step 6f conducting an exposure processing on-a
photoresist layer coated on a substrate of the original disk by
using a beam irradiation apparatus comprising a beam generation
source for génerating at least either of an optical beam an

electron beam and an ion beam, and a focusing lens for focusing
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a beam emitted from the beam generation source, and a
development processing step of conducting a development

processing on the photoresist layer.



