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BEAM IRRADIATION APPARATUS, OPTICAL APPARATUS .HAVING BEAM 

IRRADIATION APPARATUS FOR INFORMATIO~_RECORDING MEDIUM, METnoD 

FOR MANUFACTURING ORIGINAL DISK FOR INFORMATlON RECORDING 

MEDIUM, AND METHOD FOR MANUFACTURING INFORMATION RECORDING 

MEDIUM 

BACKGROUND· OF THE INVENTION 

Fi~ld of the Invention 

The present invention relates to a beam irradiation· 
. . 

apparatus, an optical apparatus having a beam irradiation 

apparatus for an in~ormation recording medium, a method for 

manufacturing an original disk for an information recording 

medium, and a method for manufacturing an information recording 

medium. 

Description of the Related Art 

As information recording media, there are CD-~OMs 

(Co~pact Disk - Read Only Memories), .so-called ~D-Rs, and 

recordable disks such as magneto optical disks. FIG. 8 shows a 

perspectiv~ 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 r~cording 

region 2 formed on a disk substrate 1, minute concaves and 

convexes 18 are formed.as shown in FIGS. 9A and B. The minute 

concaves and convexes J:.8 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 lµm to 2 

µm. 

on a signal recording surface having the.minute concaves 

and convexes formed. thereon, a light re~lection film or a 

protection film is formed, in the· case of i for example,· co ... ROMs •· 

In the case of recordable optical disks of phase change type, 
. . 

magneto optical recording typ~ or the like, a recording layer 

using a phase change .film o~ a magnetic film is forme~ on the 

signal recording surf ace having the minute concaves and convexes 

formed thereon, and a light reflection film arid a protection 

film are formed thereon. 

For exC!-ID.ple, in the ·above described recordab~e optical 

d~~ks, the so-called lands interpo_sed bet~een the grooves 3 are 

typically used as a recording section, and the grooves 3 are 

used as a light reflection section for tracking. 

Reproduction from such an information recording medium. 

such as ~n optical disk and optical reco~ding onto a recordable 

optical disk are conducted.by irradiating a laser light 

typically from a rear surface of the substrate 1 opposite to· the 

recording surface while rotating the disk. 

For example, in the CD-ROM used exclusively for 

reproduction, information readout and tracking are conducted by 

detecting a reflected light or diffracted light coming from the 

pit 4. 

In the recordable optical.disk, information is optically 
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written (recorded) on the recording.layer located, for example, 

on the land portion by irradiation a l~ser light. By using a 

reflected light, readout (reproduction) of the recorded 

information is conducted. In order to ~rradiate a laser light 

for reqording or reproduction always onto a prede~ermined track, 

a reflected l~ght from, for example, the groove 3 is detected 

and tracking is effected. 

As for the formation of the above described.minute 

concaves and convexes, they are molded simultaneously with the 

molding of the disk substrate 1 by, for ex~ple, the inj.ection 

molding. Alternatively, for example, an ultraviolet ray setting 
.. 

resin layer is formed on the disk substrate 1 by coating, and 

minute concave.s and convexes are formed thereon. The'-latter 

method is the so-called 2P method (Photo Polymerization method) 

or the like. 

In either of ~h~ injection molding ~thod and the 2P 

method, a. stamper having minute concaves and convexes inverted_ 

in pattern as compared with the minute concaves and· convexes 

formed on the disk substrate 1 is used. For example, in the 

case of the injection molding, the stamper having the above 

described inverted patuern 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 method, there are included the 

steps of pressing the stamper against, for example, an 
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ultraviolet ray setting r~sin layer.coated onto the disk 

substrate, forming thereby minute conc~ves and convexes, then 

conducting cure using irradiation of ultraviolet rays, and thus 

forming a disk having minute concaves 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 sh~wn in FIG. 

lOA to FIG. lOC. In this case, an original disk is first 

fabricated. As for the fabrication of this original disk, a · 

disklike substrate 1_1, such as a glass ~ubstrate, serving as a 

substrate of the original disk ·and having a smoothed mirror 

.surface is prepareq ~s shown ~ FIG. lOA~ 

Orito the smooth mirror surface of this substrate 11, a 

photoresist layer 12 containing, for example, positive 

photoresist is coated by using the rotati~n coating method or 

the like so as to have a required thickness, such as a thickness 

of 0.1 µm as shown in FIG. lOB. 

Then, this photoresist layer 12 is objected to a 

required pattern exposure. In other words, while the substrate 

11 is being rotated around its penter axis as shown in FIG. lOC, 

a laser beam 2.0 is focused onto the photoresist layer 12 by a 

focusing lens 21, and irradiated while it is relatively moved in 

the radial direction 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 formed along a spiral line. 

The photoresist layer 12 thus objected to the pattern 

exposure is developed. By doing so, there is obtained an 

information recording medi~m having minute concaves and convexes 

13 each comprieed of a groove or a pit formed by removing the 

photoresist layer 12 according to a predetermined exposure 

pattern. In this example, an original disk .14 for manufacturing 

optical disks is obtained. FIG. llA or B shows.a partial 

perspective view thereof. 

By using the original disk 14 thus formed, a stamper is 

fabricated. ~ for ~he fabrication of the stamper, a metal 

layer 15 is formed on the surface of the original disk 14 having 

minute concaves and convexes 13 formed thereon by using a Ni 

plating as shown in FIG. 12A. The metal layer 15 is exfoliated 

from the·~rig~nal disk 14. By doing so, a stamper 17 comprised 

of the me~al layer 15 having minute concaves and convexes 16 

formed by, inverting in p~ttern 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 compared with the minute 

concaves and convexes 16 of the stamper 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 stamper 17 has been formed from the 

original disk 14 by the Ni plating. Aµ alternative method 

includes the steps of fabricating a so-called master from the. 

original disk 14 ·by the Ni plating, fabricating a so-called 

mother by transferring the master, and fabr~cating a stamper by 

transfer from the mother·. 

An exposure apparatus, i.e., a beam irradiation 

apparatus, used in the exposure process for the photo~esist 

lay~r 12 has a schematic configuration 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.emit~~d from the beam generation source 31 is 

focused and ir~~diated·on the pho~oresist layer 12 of the 

substrate 11 to be exposed, via a mirror 32, a condenser lens 

33, a modulator 34, a collimator lens 35, mirrors 36 and 37°, and 

an objective lens, i.e., a focusing lens 21 •. 

~ith respect. to the irradiation object, the beam 

irradiation apparatus conducts a light intensity modulation of 

the beam, or concretely turns on and of.f the beam, by using the 

modulator 34 according to the latent image of the minute 

concaves and convexes to be fin~lly obtained, i.e., 

corresponding to the exposure pattern. As this modulator 34, an 

acousto-optic modulator (AOM) using, for example, an optic~l 

crystal can be employed. 

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



7 

of a refractive index is formed in the optical crystal by making 

an ultrasonic wave incident on the opt~cal crystal. With 

respect to a diffraction grating formed ·by the compressional 

wave, an incident laser beam which has been inciden~ at an angle 

satisfying the Bragg condition is objected to Bragg diffraction. 

There is thus obtained, for example, a primary diffracted light 

diffracted with a pred~termined diffraction angle with respect 

to 0th light transmitted as ·a transmitted light a~ it ~s. The 

light intensity of this diffracted light depends upon the 

i~tensity of the ultrasonic wave which is inciden~ on the 

crystal. In other words, selection as to whether or not the 

di~fracted light is present can.be conducte~ by turning on or 

off the ultrasonic wave. By using this primary diffracted light 

as the. exposure laser._beam., there~ore, it is possible· to conduct 

intensity modulation o~ th~ exposure laser beam, i.e.~ turn on 

or off the exposure laser beam accord~ng to control of the 

ultrasonic wave, i.e., according t"o turni~g on or off the 

ultrasonic wave. 

As _the recording density of information recording.media 

such as optical disks is increased in recent year_s, how small 

the above described minute concaves and convexes, ~.e., pits and 

grooves are.formed has become a great problem. 

In one method of solving this problem, the exposure spot~­

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

spot diameter c{> is given by 
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cp-= l.22A./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 diameter + small, therefore, a light having a short 

wavelength is used, or a fo~using lens havin~ a large N.A. is 

used. 

As ~or the N.A. among tnem, the refractive index around 

the condensed point can be made large by employing a focusing 

lens using a SIL (Splid Immersion Lens). Therefore, its N.A. 

can be made equal to or more than 1.0. 

In this SIL, one of its principal faces is, for example, 

a hemispherical face, cµid the other of ~ts principal faces is a 

plane. By making a las.er beam incident on the hemispherical 

~ace, a condensed spot can be formed on the plane. 

Since the.refractive index at tne condensed point 

become$ the refractive index of t~e SIL, t~e diameter of the 

condensed si;)ot can be made sufficiently ~mall. If, for example, 

a laser beam focused by a lens having an N.A. of 0.9 is incident 

on the hemispherical face of the SIL having the reflective index 

of 2.0 while maintaining the focusing angle, then a spot formed 

on its plane side becomes equivalent to that focused.by a lens 

having a N.A. of 1.8. In other words·, 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 1S condensed by using 

this SIL, however, a component having ~ large focusing angle 

included in the focused beam is totally reflected on thi$ plane. 

and is not emitted to the outside. In this case, theref~re, the 

condensed spot formed outside the SIL becomes the same as that 

of a lens having a N.A. equal to or· 1·ess than 1.0. In the case. 

~here the SIL is used, a light irr~diation object such as the 

exposed surface must be kept in such a position that physically 

it is not in contact with th~ plane face of the SIL, but 

optically it 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_ near-by field region, i.e.-'~ in the light oozing region 
. . 

for the plane. In other words, the exposed sur£ace must be kept 

in such a position that the distance bet~en the exposed surface 

and the plane face of. the SIL is equal to or less than 

A. ·logelff 

-211:,J {N.A.)2 -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 to approximately one fourth of the wavelength A. is kept. 

When a beam having A of approxim.ateiy 400 nin 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 example, in such ·a configuration that the above 

described SIL is attached ~o a servo ac~uator using an 

electronu:ignetic coil and focus servo is applied, it is .now 

~ssumed that the servo gain thereof is approximately 40 dB and 

the substrate 11 having the irradiation object such as_ the 

photoresist layer 12 fluctua~es by several µm. In this case, 

focusing remainder amounts to several tens run. It is thus 

impossible to effept focus contr~l stably with'the distance 

between ~he·_~xposed face and_ the plane face of the ~IL being 

equal to approximately 100 .nm·as d~scribed above. 

As a configuration for keeping.the dist~nce betwee~ the 

SIL and the irradiation.object at a small value, there can·be 

adopted an air slider·configtlration of dynantj.c pressure type in 

which the SI~ is floated from tne irradiation· object by wind 

.pressure caused by rotation of the .µ:-radiation··object. In 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 ot col~ision between them. 

As the beam irradiation apparatus, the exposure 

apparatus fo~ fabricating an original di~k which is used to 

obtain an information recording medium has been mainly 

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

recording and/or reproducing i~formatipn onto and/or from a high 

density information recording medium such as the above described 
. . 

optical 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. th~ 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 wor~s, an object of the present invention is to 

provide a beam irradiation app~ratus. capable of providing a 

minute beam spot, an optical apparatus .having· such a beam . . . : .. 

irradiation apparatus for an info~ti~n recording ine4ium, a 
. . 

method for f"a.bricating an original disk for ~ inf~rmation 

recording .medium capable of thereby effecting high ·density 

recordin9, .and a method for manu~acturing an information 

recording medium. 

According to an aspect of the present invention, there 

is provided a beam irradiation apparatus which includes 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 beam generation sourae, in 

which the beam irradiation apparatus includes at least first and 

second f OCUS control mechanisms each controlling a focus 
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position of the beam with respect to the focusing lens or th~ 

same lens system forming the focusing iens in an overlapping 

fashion, so as to focus the beam onto an irradiation.object by 

using the focusing lens. 

Furthermore, according to another aspect of the present 

invention, there is provided an optical appara~us havi~g a beam· 

irradia~ion apparatus for conducting recording and/or 

reproducing with respect to an information recording medium 

includes the above described beam irradiation apparatus of the 

p~esent invention. 

~ Furthermore, according to a further aspect of the 

present invention, there is prqvided a method.for manufacturing 
;. 

an original disk_ for an information recordiµg medium, which is a 

method for manufacturing an.original disk for an information 

recording medium, the original disk being used to fabricate an 

information recording medium. h~ving minute concaves and 

convexes .formed thereon. An original disk for an information 

recording medium is obtained via an exposure step of conducting 

an exposure processing on a photoresist layer coated on a 

subs.trate of the original disk, by using· a beain irradiation 

apparatus including a beam generation source for generating at 

least either ~f · an optical beam, an electron beam and an ion 

beam, and a focusing lens-for focusing a beam emitted from the 

beam generation source, and a development 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. methqd for manufacturing 
. . 

an inf orm.ation recording medium, which is a meth<;>d for 

manufacturing an information recording medium.having minute 

concaves and convexes formed thereon. The method comprises the 

steps of manufac~uring an origil_lal disk, manufacturin~ 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 • 

includes an exposure step of conducting an exposure processing 

on a phqto~esist layer coated on a substrate of the original 

disk, by using a beam irradiation apparatu~ comprising a beam 

generation source for gen~rating at least either of an opticaL 

beam, an electron beam and an ion beam, and a focusing lens for 

f~cusing a·beam. emitted ~ram the.beam gen~rat1on source, and a 
. . 

development processing step of c~nduc~ing a develop~ent 

processing on t~e photoresist layer. . . 

· As described above, in the focu·s control for controlling 

the focus position of the beam in the present invention 

apparatus, for example, a coarse adjustment and a fine 

adjustment, i.e., foc~sing cont~ol in the low frequency band and 

focusing control in the high frequency band are conducted for 

the focusing lens or the same lens system forming the focusing 

lens, by control mechanisins of equal to or more than two stages 

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

In the present invention method, an original disk is 

manufactured by using su~h a present invention apparatus, and an 

information recording medium is manufactured by using this 

original disk. T~erefore, an excellent information recording 

medium.capable of conducting a high-density recording can be 

obtained. 

In Japa·nese Patent Application Laid.-Open No. 4.-184722, 

there is disclosed such a configuration that a focusing servo is 

conducted by using a lens having a small diameter and an 

objective lens. In the present inv~ntion, however, the first 

control and the second.control are conducted for a common lens. 

As a r~sult, position sett~g i.e., .focusing can be contrplled 

more accurately and easily. Especially in an adjustment in the 

near-by field region, therefore, position setting i.e·., focusing 

can be controlled with high precision and stability. 

BRIEF DESCRIPTION OF THE DRAWINGS . . 

" 
FIG. 1 is a schemat~c sectional view of an example of a 

beam irradiation apparatus according 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 invention; 

FIG. 3 is a schematic configuration diag~am 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 i~ the present ~nvention 

apparatus; 

FIG. 5 is·a schematic configuration diagram of ~ still 

another example of the. focus error detector in the present 

invention apparatus; 

FIG. 6 is a schematic configuration diagram of a yet 

another example of the focus error detector in the pr~sent 

invention apparatus; 

FIG. 7 is a schematic configurat~on diagram showing an 

example of a reproducing apparatus for an information recording 

medium using the beam irradiation apparatus according_ to the 

present in~ention; 

FIG. B is a perspective view of an example of ·an 

information recor~ing medium; 

FIGS. 9A anq 9B are perspective views of principal parts 

of the inforina.tion recording medium, respectively; 

~IGS. lOA, lOB, and lOC are fabrication process diagrams 

of an original disk for fabricating a stamper for an information 

recording medium fabrication; 

FIGS. llA and llB are perspective views of principal 

parts showing examples of an original disk 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 diagram of a beam irradiation 

apparatus forming a conventional exposure apparatus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
•. 

A ~am irradia~ion apparatus according to· .the present 

invention includes a beam ge~eratio~ so~rce for generating at 

least one of an optical beam, an electron beam a~d an .ion beam, 

and a focusing lens for focusing a beam emitted from this beam 

g~neration sou~ce. 

The focusing lens condenses the beam on the irradiation 

object. As regards the same lens system forming this f~cusing 

lens, at leas~ f1rst and second focus control mechanisms for 

controlling the focus position of the beam are pr~vided in the 

present invention. 

FIG. 1 is a schematic configuration diagram showing an· 

example of a beam irradiation apparatus. according.to the present· 

inve_ntion. 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 which is used to obtain the 

stamper f ~r fabricating an information recording medium 

described with reference to FIGS. 10 through 13. 

In this case, the irradiation object 40 has such a 
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configuration that the p~otoresist iayer 12 is coated on the 

disklike substrate 11 forming the original disk. Then, the 

irradiation object 40 is held so that it may be rotated around 

its cen~ral axi$ 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 photo~esist 

layer 12 on a substrate 11 foJ;llling an original disk, via a 

mirror 42, a condenser lens 43, a modulator 44, a collimator 

lens 45, mirrors 46 and 47, and a· focusing lens 48. 

In the same way as the modul~tor 34 described with FIG. 

14, the modulator 44 is formed of, for example, an AOM. The 

modulator 44 has a_function of conducting the li9ht intensity 

modulation of the beam,_ or concretely a function of turning on 
. . 

or off the beam corresponding ~o the irradiation object 40 or, . 

.. _in this ~x~ple, a latent image of minute concaves and convexes 

to be finally obtained, i.e., an exposure pattern. 

In o_ther words, in this case as well, a compressional 

wave of a refractive index is formed in the optical crystal by 

making an ultrasonic wave inciden~ on the optical crystal of the 

modulator 44 using the AOM. A diffraction grating formed by 

this compressional wave is formed. A laser beam obtained by the 

primary diff~acted light of a laser beam generated by the beam. 

generation source ~1 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. 

Furtherm9re, the m0dulator 44 made of the A.OM can be 

made to £"unction as· "ii d~flector for deflecting the optical beam 

in a direction which is along the plane Qf the irradiation 

objec~ 40 and· which is perpendicular to the axis o. In 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 

l~ght incident on the optical crystal of the modulator ~4. By 

changing the frequency of the ultrasonic wave a~plied to the 

optical crystal, the diffraction angle of the primary light is 

changed. As a result, deflection can be attained. 

on the other hand, the focusing lens 48 can have a 

double lens configuration. 

This focusing ~ens 48 can have,. for ex~pie, such'a 

configuration that an objective lens 51 is .provided and a SIL 52 

as descr:iped earlier is disposed_ at an final end. By thus using 

the SIL, i;:he · N .A. can be made ·1arge as. described earlier. The 

irradiation object 40 must be disposed in such a position in the 

so-called near-by field region, i.e., in the light oozing regi~n 

from the plane of the SIL 52 that the distance. between the SIL 

52 ·and the irradi~tion object 40 is equal to or less than 

A ·logelO 

1:Jr."' (N.A.)
2

- 1 . 
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For example, whe.n. the N.A. is 1.8, the irradiation object 

must be disposed in such a position that the interval between 

th~ 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 contr~l in a·low frequency band and~ second 

control mechanism 72 ·for conducting a focus control in a high 

frequency band. 

FIG. 2 shows a schematic s.ectional vi~w of the focusing· 

lens 48. As shown th~rein, the focusing lens 48 is disposed in 
' 

an actuator 54 which is adjusted in position with respect to the . . . 

irradiation object 40 taking the shape of, for example, a disk 
'· 

disposed on a· rotating.base 53. This actuator·54 includes the 

first control mechanism 71 and the second control mechanism 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 p~edete~ned 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 irradiation object has inclined, pollision therebetween can 

be avoided. 

The actuator 54 includes an arm 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 the focusing lens 48 

·between t~e air slider 62 and the arm 60 is attached to the air 

slider 62. The support take~ the shape of, for example, a 

cylinder. 

on an opp~site enq side portion of the support 63 from 

the air slider 62, a displacement ~eans 64 using, for.example, a 

piezo stack is disposed. Via this displacement means .. 64, the 

focusing lens 48 is neld within the support 63. The final end 

face of the SIL S-2 is faced to a face of the air slider 62 

opposed to the irradiation object 40. 

In the face of the air slider 62 opposed to the 

. irradlii..tion object 40, a nozzle 65 from which jets· the air·_:· is 

provided. This nozzle 65 is supplied with ~igh pressure air 

from a high pressure air supply source 66 through a pipe 67 •. 

There is thus formed a statiq pressure air slider in which the 

air slid~r 62 is floated from the irradiation object 40 at all 

times. 

For the high pressure air supply source 66, a control 

means 68 for controlling, for example, its supply amount and 

pressure is p·J;ovided. The control means conducts, for example, 

an initial .coarse adjustment for opposing the final end face of 

the SIL 52'-; which is loc~ted at the final end of the focusing 

lens and nearly aligned with the face of the air slider 62 

oppos~d to the irradiation object,40, to the irradiation object 
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40 with a required interval between.them being kept. In this 

way, the first control mechanism 71 fo~ 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 voltage ·supply unit 

70. By its displacement, i.e., its piezoelectric effect, the 

focusing lens 48 is adapted tp be moved minutely along an axis 

of the support 63. The second control mechanism 72 fqr 

conducting a control of the position of the focusing lens 48 

relative to the irradiation object 40, i.e., for conducting a 

focusing control is thus formed. The voltage supply unit 70 is 

adapted to suEply a voltage depend~ng on a focus error to, for 

e~ample, the piezo stack comprisi~g the displacement means 64 on 

the basis of a focus servo signal supplied fro~ a detector 69 

which detects the £ocus error. 
. ' 

In other words, the first focus control mechanism 71 in 

the abov~ described configuration conducts, so to sp~ak, a 

control in the low frequency band by means of the-pressure 

control mechanism using the high pressure air, whereas the 

second focus control mechanism conducts, so to speak, a control 

in the high frequency band by m~ans of the control mechanism an 

using an electric drive. The bands of 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 



22 

irradiation object 40 by this actuator will now be described. 

First of all, a required voltage is applied ~o the piezo stack 

of the displacement means 64 to provide the focusing. lens 48 

with a displacement in such a direction as to detach the 

focusing lens from the irradiation ob.ject 40. In such a state, 

the supply 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 

keeping the air siider 62 nearly horizontally; i.e., while 

keeping the air slider nearly parallel to the irradiation ob~ect 

40, the arm 60 is lowered. By doing so, the pressure between 

the air slider 62 and th~ irradiation object 40 becomes high as 

the air slider 62 approaches the irradiation object 40. Becaµse 

of the so-called air bearing obtai~ed by the air existing 

between them, th~refore, they do not cqllide with each other. 

The interval between the air slider 62 and the irradiation 

object 4Q is always n~arly kept at a value of, for example, 10 

µm which is sufficiently larger than a re~ired value, for 

example, 100 run. 

At this time, the interval between the focusing lens 48 

and the irradiation object 40 is coarsely adjusted to become, 

for example, 20 µm. By controllin9 the displacement means 64 in 

·this state, the focus.ing lens is brought close to the 

irradiation object 40 until the interval between them becomes, 

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

The focus error detector 69 o( the second focus control 

mechanism 72 can be formed of a detection means using, for 

example,. a· static capacitance. FIG. 3 shows th~ schematic 

configuration of one example of the detection means. A 

conductive film 81 such as an Al evaporated film or the like is 

formed on the face portion surrounding the flat face portion of 

the SIL 52 located at the final end of the focusing l~ns 48. On 

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 evaporated film 

which is thin to such an extent as to exhibit high transparency 
- -

to the optical beam 39 is formed. A static capacitance 

increasea as the distance between the conductive films Sl and 82 

decreases is detected by a static capac~tance detector 83. 
-

A position detection signal of ~he focusing lens 48 thus 

detected .is inputted to the voltage supply unit 70 of the above 

described second focus control mechanism 72. A voltage 

depending .on the position detection signal is applied to the 

piezo stack of the displacement means 64. In this way, the 

focusing control for setting th~ interv-al between the focusing 

lens 48 and the irradiation object 40 to, for example, 100 nm, 

i.~., the focusing control in--the .. near-by field region can be 

conducted. 

FIG. 4 shows the schematiq configuration of another 



24 

example of the focus error detector.69. In this example, a 

laser Doppler configuration is used. ln this case, a laser 

Doppler differential speedometer 86 is provided. .A reflection 

f i1m 84 such as an Al evaporated film or the like is form~d on 

the peripheral face portion of the flat face portion of the SIL 

52 located at the final end of the focusing lens 48. on the 

other hand, on the surface of, for example, 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 measuring beCillUs 

87 and 88 from the laser Doppler differential speedometer 86, 

the interval between the SIL and the irradiation object is 

de~ected. 

In this case as well, a detection signal thus detected 

is inputted to the voltage supply unit'70 to contra~ the 

displacement means 64 •. 

FIG. 5 shows the schematic configura~ion of a still 

another example of the focus error detector 69. As shown in the 

figure, a configuration using a so-cailed 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 focusing lens 48 in such a state 

that its axis is deviated from the optical axis. The detection 

beam is an optical beam such as a laser beam which is different 

in wavelength from the optical beq.m for the desired irradiation 
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and which does not cause the inherent purpose of the light 

irradiation such as the exposu~e effect pn the photoresist layer 

12. The incidence angle of the detection beam 90 to the 

focusing lens 48 is deviated from the axis to such a degree that 

the detection beam i·s not reflected totally on the end face of 

the SIL. 

In the ~ocus position of the reflected light from the 

surface of the irradiation object 40 such as the surf ace of the 

photoresist layer 12, a· detector 91 adapte~ to be capable of 

detecting the position is provid~d. The detector detects the 

focus position by usin~, for example, a one-dimensional position 

sensor. The detector is form~d by arranging PSDs (Posit~on 
... 

Sensor Diodes), split photo~iodes or the like •. 

In this case·, refractive indexes of the ~nd surface of 

the SIL 52 and the slir.face· 9f the i.rradi.ation object 40 such as 

the surface of the photoresist layer 12.do not completely 

coincide,with each o~her, ~ven in the-near-by field region where 

they come in physical con~~ct with each other. Therefore, an 

optical interface e~ists. 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 srL 52 as indicated by a phantom line a, the return 

angle of the return light deflects as indicated by a phanton 

line b. An output ch~nge d~pending on the deflection angle can 

be obtained by using the detector.91. In other words, a 
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focusing error signal can be detected from the detector 91. 

By controlling the voltage sup_ply unit for applying a 

voltage to, for example, the piezo stack of the displacement 

means 64 with the error signal, focusing control using fine 

a~justment of the position of the focusing lens 48 such as 

position control of approximately 100 nm., i·.·e., control of the 

near-by field region can be conducted. 

FIG. 6 shows the schematic configuration of aq_yet 

another example of the focus error detector 69. In this 

~xample, the mirror 46 or 47 shown in FIG. 1 is formed of a beam 

splitter 94. For example, a part of the r~turn light from the 
,) 

irradiation object 40/is separated. In an optical path of the 

separated return light, a condenser lens 95 "and ~ parallel plate 

92 ma~e of, for.example,_ glass for prov±ding.astiginatism are 

disposeQ. The astigmatism, i~e., the beam s~ot shape is 

detecte~ by a detector 93 ~aving, for example, a quadrant 

pbotodio~e. Thus the focusing error is detected. In other 

words, a focusi~g 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 7.2. In other words~ position ~9ntrol, 

i.e., focusing adjustment in the· low frequency band is conducted 

by th~ first control mechanism, and, in addition, positio~ 

control, i.e., focusing adjustmen~ in the high frequency band is 
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conducted by the second control mechanism ln a superimposing 

fashion. As a result, the focusing of. the focusing lens 48 

relative to the irradiation object 40 can be accomplished 

accurately and stably in the near-by field region having a 

minute interval of equal to or less than 

A ·logelO 

such as 100 nm. 

·ay the way, the above described beam irradiation 

apparatus is not lilnited to a be~ irradiation apparatus used 

for exposure of. the pho~Qresist layer 12. It is also possible 

to form an optical apparatuE? serving·as an optical recording . . 
apparatus which conducts information 'recording by using, as the 

irradiation object 40 shown in FIG. 1, a recordable information 

recor~ing medium such as the so-called CD-R, a magneto optical 
-recording medium.having an optical magnetic recordin~ layer, or 

an· informati~n recording medium havi~g a recording layer for 

recording using phas~ changes. Or an opticai apparatus serving 

as the so-called pic~up apparatus for reproducing the 

information thus r~corded may be formed. 

FIG. 7 is a schematic configuration diagram. of an 

example of an opticar·apparatus serving as a reproducing 

apparatus and having a configuration according to the 

configuration of the-above descriQed beam· irradiation apparatus. 
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In the.optical apparatus, the irradiation Object 40 is an 

information recording medium.19, and information recorde~ on the 

information recording medium is optically read out. In this 

optical apparatus as well, a beam generation sou~ce 41 for 

_generating _a laser beam is provided. A laser beam of a linearly 

polarized light obtained from the beam generation s·ource is 

irradiated on the information recording medium 19 via, for 

example, a polari~ation beam splitter 101, a quarter-wave plate 

102, a mirror 103, and the above described focu~ing lens 48. A 

return light modulated by t~e information of the information 

recording medium 19 is passed through the quarter-wave substrate· 

102 again via.the focusing_ lens 48 and the mirror 103. By the 

quarter-wave plate, the return l~ght is converted to a polarized 

light differing in polarization direction from the incident 

light by ~ O 
0 

• The polarized light is, for example, re.fleeted by 

the pol.arization beam spl.itter 101. The optical. path of the 

polarize~ light is thus separated. As a r~sult, for exampl.e, 

light intensity, or light intensity according to the Kerr 

rotation angle is detected by a detection means 104. Reproduced 

output of the recorded information is thus obtained. 

In this case as well, the position control of the 

fo?using lens 48, i.e., the focusing control 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. 



. 29 

The beam irradiation apparatus according to the present 

invention and various components therepf, such·as the focusing 

lens, the first and second control mechanisms, and the detection 

means of the control si~nals for controlling them are not 

limited to those of exc;tmple~ of the above described FIGS. 1 

through 7, but ln;ClY take various configurations. 

For example, in the configu~ations .shown in FIGS. 3 and 

4, the conductive film 81 and the reflection film 84 ~re formed 

on the SIL 52. However, they may be ·disposed on the supporting 

portion of the focusing lens 48 such as the air slider 62 or the 

like. 

Furthermo~e, in the present invention, the exposure 

processing fo~ the photoresist layer 12 located(bn the sub~trate 

11 is conducted by using the above described beam irradiation 
. . 

apparatus to fabripate the original disk for an information 

reco~ding medium and fabricate the information recording medium 

using the same. 

In ot)l.er words·, ;in the fabricatio~ of an original- disk 

for an information recording medium, a disklike substrate 11, 

such as a glass substrate, serving as a substrate of the 

origi~al disk and having a smoo~hed mirror surface is prepared 

in the same way as the foregoing description made with reference 

to FIG. 10 (FIG. lOA). Onto the smooth mirror surface of this 

substrate 11·, a photoresist layer 12 containing, for exa.i:nple, 

positive photoresist is coated by.using the rotation coating 
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method or the like so as to have a required thickne~s, such as a 

thickness of 0.1 µm (FIG. lOB). 

Then, this photoresist layer 12 is object~d to exposure 
. . . 

processing by using the beam irradiation apparatus according to 

the present invention described with reference to FIG. 1. In 

other words, while the.substrate 11 is being rotated around its 

center axis, a laser light is focused onto the photores~st layer 

12 by the above described focusing lens 48, and lrrad~ated while 

it is relatively moved in the radial direction of the substrate 

11. A latent image of ntj..nute concaves and convexes, i.e., a 

latent image 23 of a groove or pit is formed along a spiral line 

(FIG. lOC). 

The photoresist layer 12 thus objec~ed to tQe pattern 

expo.sure ~s develpped. By doing so, there is obtained an · 

inf o~tion recording medium ~aving ~nute concaves and convexes 

13 each ~omprised of a groove or a p~t formed by removing_.the 

photores~st layer 12 according to a pr~determined exposure 

pattern. In· this !=Xample, ·an original disk 14 for manufacturing 

optical disks is obtained. FIG. llA'<>r B shows a partial 

perspective view thereof. 

By using the original d~sk 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 

the minute concaves and convexes 13 formed thereon by using a Ni 

plating (FIG. 12A). The metal laY,er 15 is exfoliated from the 
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original disk 14 (FIG. 12B). In this way, a stamper 17 

comprised of _the metal layer 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. · 

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 cop.caves and convexes 18 

inverted in pattern as compared ~ith the minute concaves and 

convexes 16 of the stamper 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 ~riginal disk 14 by the Ni plating. An alternative . . 

method inclu~es 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, and fabricating a 

stamper by transfer from the mother. 

In the above described example, there has been described 

the case where 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 optical 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 coµducted·by the second 

contro.1 mecha~ism 72, as described above. In other words, the 

position contro1, i.e., focusin~ 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 band is conduc~ed by the second control. mechanism 

in. a superimposed fashion. As a result, the focusing .bY th.e 

focusing lens 48 relative to the irradiation object'4Q can be 

accomplished accurately and stably even in the near-by field 

region having the above described minute interval equal to or 

less than 
,, 

A. ·logelO 

2-Jt~ (N.A.),.- 1 

, such as 100 run. 

In the beam irradiation apparatus according t~ the 

present invention, accurate and ·stable setting is possible as 

described abov~, even if the beam irradiation apparatus has a 

double lens cQnf iguration and the SIL is used on the terminal 

end side, and even in the near-py field region having the above 

described minute interval equaL to or less than 

A. ·logelO 
2:Jt,./ (N.A.),. - 1 · 
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, such as· 100 nm, between the SIL and the irradiation object. 

As a result, the N.A. of the focusing ~ens can be set to a 

sufficiently large value. Therefore, the irradiation spot 

diameter can be set to a sufficiently small value. 

In the case where the present invention apparatus is 

used as an exposure apparatus for fabricating an original disk 

for an inf o;rmation recording medium, minute concaves and 

convexes thereof can be form~d accurately and with suf.ficient 

minuteness. Therefore, the information recording medium 

obtained by using the present invention method and fabricated by 

using the stamper obtained from the original disk can be 

obtained as a high density recording medium having the excellent 

performance. 

Furthermore, in the present inven~ion, the position 

adjustment and hence the focusing control of a.common focusing 

lens are conducted by control.mechanisms at a ~lurality of 

stages. .T~erefore_, there can· be avoided dif·ficulty of focus 

control and complexity of the ·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 :Pe formed •. 

By forming the.beam irradiation 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 ~nfoDUation recording ~edium, 



.· .34 

i.e., a pickup apparatus, therefore; a pickup apparatus having 

excellent recording and reproducing characteristics can be 

formed. 

Having described pref erred embodiments of the present 

invention with referen~e to the accompanying drawings, it is to 

be understood that the present invention is not limited to the 

ab~ve-mentioned embo~iments and that various changes and 

modifications can be 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: 

l. In a beam irradiation appa.ratus comprising a beam 

generation source for generating at least either of an op~ical 

beam, an electron beam, ~d an ion.beam, ~nd a focus~g lens for 

focusing a beam emitted from the beam ~eneration source, 

the beam irradiation apparatus characterized by 

comprising: 

at least first and second focus control mecha~isms. each 

controlling a focus position of the beam with respect to the 

focusing lens or the same lens syst.em forming the focusing lens, 

so as to focus the becµtl onto an irradiation object· by using the 

focusing lens in an oye~~apping fashion. 

2. A ·beam irradiation appar8:~US according to claim l, 

characterized in that the first foc~s control mechanism 

comprises a contro.l mechanism for -conducting focus contr9l in a 

low ~requencl" band, whereas the s~cond fo~us control mechanism 

comprise~ a control mechanism for conducting focus -control in a 

high frequency·band. 

3. A beam irradiation apparatus according to claim 1, 

characterized in that the fi~st and second focus control 

mechanisms comprise control mecpanisms for conducting focus 

control in different frequency bands overlapping each other only 

-i:n partial bands. 

4. A beam irradiation apparatus according to claim 1, 

characterized 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 mecha~ism comprises a control 

mechanism usinq an electric drive. 

5. A beam irradiation apparatus according to claim 1, 

characterized ·in that the first f·ocus control mechanism · 

compri~es a focus control mech~nism for always floating-an 
' 

actuator by using high pressure air, t~e actuator holding the 

focusing lens and conducting position control of the focus~ng 

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, 

characterized in that a beam for focus deteption different from 

the beam is made to be incident on the focu~ing lens in such a 

state that its axis is deviated from an axis ·of the focusing 

lens, and to be irradiated on the irradiation object, a. 

deflection angle of a retur~ light from the irradiation object 

is detected, and a.resultant detection signal is supplied to the 

second focus control mechanism as a focus control signal. 

7. A beam 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 provided 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 apparatus according to claim 1, 

characterized in that a distance between the focusing lens or 

its supporting portion and t~e irradiation obj~ct is detected as 

a static capacitance, and a ref?ultant.detection signal_. is 

supplied to the second focus control mechan1sm as a focus 

control .signal. 

9. A beam irradiation apparatus according to claim 1, 

characterized in that a distance between t~e focusing .lens 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. 

1 O. A beam irradiation apparatu~ ~cco~ding to claim 1, 

characterized in that a distance between the focusing lens or 

its supporting portion and the irradiation object is detected by 
. ' 

us~g a laser cµ..splacement meter, and a result~nt. detection 

signal i~ supplied to the second 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 r9tating 

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 lay~r, aQd the beam is focused on.the 
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photoresist layer. 

13. A beam irradia~ion appara~us accor~ing to claim .1, 

characterized in that the.focusing lens of the beam comprises a 

double lens. 

14. A ~am irradiation apparatus according·to claim 1, 

characterized in that the irradiation.object is disposed near a 

final end face of a lens forming . the f.ocusing lens to such an 

extent tha~ the irradiation object comes in a near-by field 

region. 

15. A beam irradiation apparatus according·to claim 1, 

characterized in that a distance between the irradiation object 

and a final end face of a lens formin9· the focusing lens is 

equa~ to or less than 

I.. ."1ogel0/{23t~ (N.A.)2 
- 1 ) 

where A is a wavelength of the beam, rr is the ratio of the 

circumference of a circle to its diameter, and N.A. is a 

numerical aperture of the focusing ~ens (N.A. > 1.0). 

16. A beam irradiation apparatus according to claim 1, 

characterized in that a lens at· a final stage o.f the focusing 

lens comprises a SIL (Solid Immersion Lens). 

17. An optical apparatus h~ving a beam generation 

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

beam generation sourcei 
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characterized in that the beam irradiation apparatus 

comprises at least first and second fopus 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 6verlapping fashion, so as to focus the beam onto an 

information recording medium by.using the focusing lens. 

18. An infc;>rmation optical apparatus having a beam 

irradiation apparatus for an information recording me~ium 

according to claim 17, characterized in that the first focus 

control ~echan~sm comprises a control mechanism for conducting 

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. 

19. An optical apparatus having a beam irradiation 

apparatus for an informati9n recording medium according to· cla~ 

17, characterized in that the .first and second focus control . . . . 

mechanis~ com.prise control mechanisms ·for co~ducting ·focus 

control in different frequency bands.ov~rlapping each other only 

in partial bands. 

20. An optical apparatus having a beam irradiation 

apparatus for an iriforrnatiori recording medium according to claim 

17, characterized ··in that the first focus control mechanism 

comprises a pressure control mechanism using a high pressure 

air, whereas the second focus control mechanism comprises a 

control mechanism using an electr~c drive. 
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21. An optical apparatus having a beam.irradiation 

apparatus for an information recording.medium according to claim 

17, characterized in that the first focus contr.ol mechanism 

compri~es a ·focus control mechanism for always floating an 

actuator by using a high pressure air, the actuator hold~ng the 

focusing lens and conducting a position control of the focusing 

lens, whereas the second focus control mechanism ~omprises a 

control mechanism for conducting a fine adjustment of .the 

actuator using an electric drive. 

22. An optical apparatus having a beam irradiation 

appa~atus for an information recording medium according to claim 

17, characterized in that a beam for focus detection different 

from the beam is made to be incident on the focusing lens in 

such a state· that its .ax.is is deviated ·from an· axis of the 

focusing lens,. an~ to be irradiated on the information recording 

medium, a deflection angle of a return ligh~ from the 

informat~on r~cording medium is detected, and a resultant 

detection signal 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 accor~in~ to claim 

17, characterized in that a part or whole of a return light of 

the beam from the inf onnation recording medium is provided with 

astigmatism, its spot shape is detected, and a resultant 

detection signal is supplied to tne second focus control 
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mechanism as a focus control signal: 

24. An optical apparatus hav~ng a beam irradiation 

apparatus for an information recording medium according to claim 

17, characterize~ 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 +esultant detection 

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

focus control signal. 

25. An optical apparatus having a beam irradiation 

apparatus _for an information recording medium according to claim 

17; characterized in that a distance between the ~ocusing lens 

or its supporting portion and the information recording medium 

is dete·cted by us~g a laser beam Doppler method, and a 

resultant de~ection $ign~ is supplied to the second focus 

control mechan~sm as a focus control signal. 

26. An optical apparatus having a beam irradiation 

apparatu~ for an informati~n recording medium acco~ding to .claim 

17, characterized in that a distance between the focusing lens 

or its supporting portion and the information recording medium 

is dete.cted by using a lase:i:: displacement meter, and a resultant 

detection signal is suppl~ed to. the second .focus control 

mechanism as a focus control signal. 

27. An optical apparatus having a beam irradiation 

appar~tus for an information recording medium·according to claim 

17, characterized in that the focusing lens of the beam 
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com.prises a double lens. 

28. An optical apparatus hav~ng a beam irradiation 

apparatus for an information recording medium according to claim 

17, charact~rized in that the information recording medium is 

~isposed 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 apparatus having a beam irradiatiqn 

apparatus for an inf~rmation recording medium accordi~g to claim 

17, characterized in that a dista~ce between the information 

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

focusing·lens is equal to or less than 

1'. • logelO I (2't,./ (N.A.)2 ~ 1 ) 

, whe~e 1'. is ~ wavelength of the beam,rr is the ratio of tije •.. 

circumference of a circle to its 4iam.eter, 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 Leris). 

-31. In a met~od for manufacturing an original disk for 

fabricating an information recording medium on which fine 

concave and convex are fon:ned, 
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the method for manufacturing an original disk of an 

information recording medium character~zed in that an original 

disk for information recording media is obtained by: 

an exposure step of conducting an exposure processing on 

a photoresist layer coated on·a substrate of the original disk 

by using a beam irradiation ~pparatus comprising a beam 

generation source for generating at least either of an optical 

beam, an electron beam and an ion beam, and a focusi~g lens for 

focusing ~ beam emitted from th~ beam generation source; and 

a development processing step of conducting a 

development processing on the photoresist layer. . . 

-32. A ·method for manufacturing an information recording 

medium having minute concave and convex formed thereon, 

the method for inanuf acturing an information recording 

medium characterized by comprising: 

a step of manufacturing an original disk, a s~~p ··of 

manufact~ring a stamp~r by using the original disk, and a step 

of forming an information recording medium by using the stamper; 

and in that 

the step of manufacturing an original disk comprises an 

exposure step of conducting an ~xposure 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, anq a· focusing lens for focusing 
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a beam emitted from the beam generation source, ~nd a 

development processing step of conduct~ng a development 

processing on the ·photoresist layer. 


