;e3e$N (67 TWL2 AP R 2002 - 1 DESCRI PTI ON RECORDI NG APPARATUS Techni cal
Field: The present invention relates to an inprovenent in a Iase£ APR 2002
cutting machine (referred to as a "recordi ng apparatus”, hereinaft 2)
Background Art: A recordi ng apparatus has been known whi ch has, as shown r’
trsin Fig. 1, arecording laser 1 and a focusing laser 3. In operation of
this recording apparatus, initial setting of optinmmfocusing position of a
recording lens 21 is perforned in accordance with the foll ow ng procedure.
As the first step, a head 19 is positioned at an opti num position by means
of a head positioning mechanism 17, mhilf a resist master disk 20 is not
rotating. Then, the nmaster disk 20 is drtfvén to rotate at a predeterm ned
speed and, when the disk rotation has becone steady at that speed, the
recording laser 1 is activated so that recording |laser light is nade to be

incident to the master disk 20 via 7 and 9 a mmm“@ha
recording lens 21. The | aser IlghtDﬁé fll;'?Igmby t he mast \\m \ uns
backward al ong the sanme opticakg %ﬂg glent |ight sqee® to inpinge
upon a CCD camera 13 fromthe m??%}?@é ereg a | aser spot inmmge is

formed on the monitor 15 through the canera 13 The oper mmm“mmm“\
visual |y observing the state of the |aser spot 1'12 APm“ mage,
control s apgRhRicali Fee1d9 so as to control a notor 27 therelyot®Vvi ng a

phot o-detector (PD) to the left and right. A servo circuit 31 perfornms a

fine control of tif ppesén®invbnthienrelat@sngp hANSmprovidi@entimad ds@m
directions so as to position the recording lens 21 at such a position that

t he above-owttingadathine (refdérreditgas apdrecbediagt appakrathe"PD 23 whi ch
{s)set at a position as a result of the above-nentioned control performed
by t he opehereinafiteéx) operation is repeated so that

Background Art:

A recording apparatus has been known which has, as shown

in Fig. 1, a recording laser 1 and a focusing laser 3. In

operation of this recording apparatus, initial setting of

optimum focusing position of a recording lens 21 is performed

in accordance with the following procedure. BAs the first step,

a head 19 is positioned at an optimum position by means of a

head positioning mechanism 17, while a resist master disk 20
’:‘ ) is not rotating. Then, the master disk 20 is driven to rotate

at a predetermined speed and, when the disk rotation has become

steady at that speed, the recording laser 1 is activated so that

recording laser light is made to be incident to the master disk

20 via mirrors 5, 7 and 9 and then through a recording lens 21.

The laser light reflected by the master disk 20 runs backward

along the same optical path as the incident 1ight so as to impinge

upon a CCD camera 13 from the mirror 5, whereby a laser spot

image is formed on the monitor 15 through the camera 13. The

operator, while visually observing the state of the laser spot



the recording lens 12 is set at the optinmum focusing position. In the
above-descri bed operation for initially setting the recording | 319% apﬁat«,ﬁoy
" the optinmum position, the | aser spot image of the recording |aser light ~«
di spl ayed on the nmonitor 15 linearly changes in accordance with the
~novenent of the PD 23, because the |aser spot light is analog information.
Consi derably high degrees of skill and experience, therefore, are required
in order to adequately position the recording lens 21 by visually finding
the | aser spot image corresponding to the optimmfocusing position of the
recording lens 21 through continuous vidual chasing of the change in the
| aser spot inage. The optinmum focusing position of the recording |l ens 21
delicately varies according to the type of the resist naster disk.
Therefore,, the abOVﬁégggcribed woJ k. is Sanider bly troubl esone even for

ski | | gd anf'@8cseFP8 ho%é?%’i‘?ﬁ .rl'T'Tf‘ﬁfs, i 8O;idS CORLYF O o JARFRT AT t heh
i 21 \ i ) , = R 2 -3 T
doscr | %23;%%3%% navifam Fheitdfitatort (Bh Y e aneifaé%agtsg%«%n Bhat
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ot 1 on” Clered MRy 1 602 SnXnd BB EuR Ridect 1600 IR AMINAS |
spot i magendiicnthgPlend 91 MNELSR aléoflmimmatﬁtﬁmo&@-xﬁr&ﬁ]
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Consequently, the above-described troubl esome work I's necessari yego_nduct ed
each timeilhBert ypghefingihgedSupbnene derfieikorstkdaned whiigs idairi ng the

ef ficiency of the whole process. Accordingly, an object of the present
inyentionatsatpopibidnicas & acsditn® ey above-nenbioheliheoftetsl i ndi cati ve
of /t he opti mum focusi ng position of the recording lens is changed into
nuner i cal penfomsed dysheocopexataor at Thtilscoperation iisnrepebtydssd tthag t he
opti mum focusi ng position of the recording |lens for each type of the resist
mast er ditlke recording lens 12 is set at the optimum focusing position.
In the above-described operation for initially setting
the recording lens 21 at the optimum position, the laser spot
image of the recording laser light displayed on the monitor 15
linearly changes in accordance with the movement of the PD 23,
because the laser spot light is analog information.
Considerably high degrees of skill and experience, therefore,
are required in order to adequately position the recording lens
) 21 by visually finding the laser spot image corresponding to
the optimum focusing position of the recording lens 21 through
continuous visual chasing of the change in the laser spot image. |
The optimum focusing position of the recording lens 21 |
delicately varies according to the type of the resist master
disk. Therefore, the above-described work is considerably
troublesome even for skilled and experienced operators. Thus,

it is not easy to position the recording lens 21 at a high degree

of accuracy.




Di sclosure of the Invention: To this end, the present invention provides a
rrecordi ng apparatus for exposing a resist nmaster disk to a recordigglm@r‘lﬂﬂz
| ight through a recording | ens which has been set at an optinmm f o€usi ng
position, conprising: displaceable |aser |ight detecting means for
receiving a focusing laser |ight which has been applied to and refl ected
fromthe resist master disk during 1 2 APR 200Z - 4 initial setting of

t he opti nmum focusi ng position, and for producing a detection signal

i ndi cative of the anmount of deviation, froma predeterm ned |ight receiving
position, of the light receiving position where the reflected focusing

| aser light is received; servo means respomsive to the detection signal so
as to automatically adjust the relative position of the recording lens with
respect to the resist master disk in such a manner as to elimnate the

devi ation, thereby setting.the recording |lens at the timum focusjn
posi tion; displac ﬁ@nf’eﬁﬁghﬁ?gdﬁc&‘fq APRATatYs ﬂéﬁ%q AFoMhangkBeht of

Chahorng | AR h@%ﬁ,sgzgszﬁ,tz gﬁ@%ﬁ@@&&ﬂiﬁ%ﬁéﬁs%ﬁ%ﬁ
nuneri cal val,ue i i t nunerical_val.ues. ,According.t e
foatur e ofSThet s GERGMES, S9chREnd PEE L fan & hS Baras SBalcatayp &

an T sy ar s Rt Eeckatly BEREEILRTARAE M BUIE Whoh"RoF OthE®
numer i cal i igihigr o !%oBﬁc‘i:?‘LbheElf!JEHQ.bﬁt%@tﬁ?iﬂﬁd&uéﬂ{g igle 1341 N0 Of the

opti mum focusi'ng position. The next initia ore, cdan easily

be ;ionduct Hh AL BNeMALANEE U104 @ats wHIlchSPs Sl theéGorRYoPAlHE Naséhe
nunerical optinmum focusing position data for each of a plurality of types

of resist npRiteimage8isphayealonsthié mofivbr 15eampivh it chanvtibgsposedi on can
easily be executed each tine a different type of resist master disk is
used, thus , ~ 2Coneeeaiilly, Zhadhomra-tpseriibetihéronbjpesvmerworknis he
efficiency of the whole process. Preferably, the recording apparatus in
accor dance neicessad 1yr eonducted egaclotimer thertypemf e resfistomster
di spl acenent, anount setting neans in _which a reference displacenment anount
has been s&isknifefhangedy hEhysoipabringhe S Hcdanay thee@hpdeobt ai n
coi nci dence between the |ight receiving position at
process. ,
.Accordingly, an object of the present invention is to
provide a recording apparatus in which the data indicative of
the optimum focusing position of the recording lens is changed
into numerical values so as to facilitate the work for initially
) setting the optimum focusing position of the recording lens for

each type of the resist master disk.

Disclosure of the Invention:

To this end, the present invention provides a recording
apparatus for exposing a resist master disk to a recording laser
light through a recording lens which has been set at an optimum
focusing position, comprising: displaceable laser light
detecting means for receiving a focusing laser light which has

been applied to and reflected from the resist master disk during



whi ch the focusing laser light is received and the reference |ight

recei ving position under such a condition that the recording Iens.ﬂzs Pﬁ%&ﬂz

set at the optinmum focusing position; and automatic displacenent a uﬁ

adj usting neans for automatically adjusting the displacenent anount of the

Faser |ight detecting neans such that the detection output fromthe

di spl acenent anount detecting neans coincides with the reference

di spl acenent anount. Thus, a preferred formof the recording apparatus in

accordance with the present invention has reference displacenent anmount

setting neans and the automatic displacenent anount adjusting nmeans. The

reference displacenent anount setting medhs sets therein a reference

di spl acenent anount in ternms of the anmount of displacenent required for

achi eving coi nci dence between the Light receiving position at which the

focusing | agser, |i i s, received and . the reference I%gﬁt receigi posi tion
t

h
under such ¥ t?t%EtJtrP%P & & Uy fPSHS1AgsPRRLRIQR: 2R opti mum
12 APR 2Q02 -.6 . focusi asitian.  _The %utogatgc giﬁﬁéaceneq% unt
ad) ust i ng TREFRIGIRG AR ronsidne y AedirahAve cpt: e ATk ot of the
I ligh ' . j | f I, h
i op1 acemeriC AT SR B, LeActBehihad, FEGRE 4ot QU bosiklh' ot

di spl acene_r\;hélgg_ﬁﬂtt. ré&ix%ﬁoq)gg%%i&ﬂ WHErE Qﬁetﬂ%‘hl%%%ﬁ oéxﬁ%??ﬁg%ﬁ;ans

forth above, t anount o acenent of the laser |1 ght

i's automaticagty @A) rededediiC kel melfsdebBpbRE1F SBb MBIt BRG]

coincides with the reference displacement anount. Thus, the amount of
dld_sﬁl acenendigifal ko hases authatdiciAdy adjie&nthe areler B poetitdahl ¥f
adj,

sted without troubling the operator. Brief Description of the Draw ngs:
Fig. 1 is and adcatidigiplensowtinly raspatvl o stheldasistomagtieroddsketnr di ng
apparatus. Fig. 2 is a block diagramshow ng the whole structure of a first
enbodi nent ssich lae mapperdasgtapphininate fihe dviatdon,| itherebyi satbinghe
positional relationship between a photo-detector and a spot forned by a
f ocusi ng | & necgmding dens pt the| optemant fediming RPFdck®iing process
performed in the first enbodi nent of  the recordi ng appar.atus,
displacement amount detecting means for detecting the amount
of displacement of the laser light detecting means; and display
means for changing the output from the displacement amount
detecting means into numerical values and displaying the
numerical values.
According to the features of the recording apparatus set
.) forth above, the amount of displacement of the laser light
detecting means acquired in the course of an initial setting
performed by a skilled operator is changed into numerical value
which can be relied upon in the next initial setting of the
optimum focusing position. Thenext initial setting, therefore,
can easily be conducted even by an operator who is not so skilled.
By holding the numerical optimum focusing position data for
each of a plurality of types of resist master disk, initial

setting of the optimum focusing position can easily be executed

each time a different type of resist master disk is used, thus



Fig. 5is anillustration of a focusing error detecting systen1u5|q? ﬁ’ 2002
focusing laser light for detecting the focusing ~ 2 APR 2002 - Afor

of arecording lens. Fig. 6 is a chart illustrative of variations of the
rel ati onship between the depth and breadth of bits ( or grooves ) forned in
a disk which is produced by copying the resist master disk produced by the
first enbodinment. Fig. 7 is a chart illustrative of variations of the

rel ati onship between the depth and breadth of bits (or grooves ) forned in
a disk which is produced by copying a resist master disk produced by a
known process. Fig. 8 is a block diagram show ng the whol e structure of a
second enbodi nent of the recording apparatUs. Fig. 9 is a block diagram
showi ng the internal structure of an optinmm focusing position confirm ng
circuit incorporated in the apparatus shown in Fig 8. Fig. 10 is a flow

Cha PO By 05 A LSO SRR ReChaL ™ 1 el LPe REFEIS, SIPBEL TR O L1
head nechagkagkgg.focusing | aser 75 head slider 77 head 77a recording |ens

Preferably, the recording apparatus in accordance with
the present invention further comprises: reference displacement
amount setting means in which a reference displacement amount

. ) has been set in terms of the amount of the displacement required
to obtain coincidence between the light receiving position at
which the focusing laser light is received and the reference
light receiving position under such a condition that the
recording lens has been set at the optimum focusing position;
and automatic displacement amount adjusting means for
automatically adjusting the displacement amount of the laser
light detecting means such that the detection output from the
displacement amount detecting means coincides with the
reference displacement amount.

) Thus, a preferred form of the recording apparatus in

" accordance with the present invention has reference
displacement amount setting means and the automatic
displacement amount adjusting means.

The reference displacement amount setting means sets
therein a reference displacement amount in terms of the amount
of displacement required for achieving coincidence between the
light receiving position at which the focusing laser light is
received and the reference light receiving position under such

a condition that the recording lens has been set at the optimum



(1 2 APR ?"J2 _8_ 77bVCMBlphot o- det ect or 85r educti on gear mechanisnB7 _ .
-potentioneter93digital display unit95mtor97motor driver circuit9PQ20ARR 2002
fine adjusting circuitl0lhead slider control circuitl1l03focus servo
circuitl03adifferential anplifierl050ptinmum focusing positionconfirm ng
C¢ircui t107manual swi tchl110resi st master disk The Best Mde for Carrying
Qut the Invention: Preferred enbodi nents of the present invention will now
be described with reference to the acconpanying drawings. Fig. 2 is a bl ock
di agram showi ng the whol e structure of a first enbodi nent of the recording
apparatus. As will be seen fromthis Figure, the recording apparatus has an
optical system 50 and a focus servo systénTSO whi ch causes a recording | ens
77a of the optical system50 to follow up a resist naster disk 110 with an
accuracy on the order of ri 2 APR 2'J32 g sub-microns. The recording
apparatus further has a shifting nechanisn1% shown ) which drives the

resi st masfOFUELER POF1BLgR- 5 Tig Rukagadd <, igg AFFBARE ABMRY on and causes
| ati t - bet h ' t disk 110 and th tical

SyStem 50, 29JURERAO,BoRRE, BREPET HCRLHY (R BIAEEUI, ABPOBRORR) CURI ch
el ud U q . . . . q
dermdul at i BroBrae TR A B aderre LopbE e i Hethe P Hbk thet

tical ' di I 3,
mrror 55 SEtReEiphieEe PERE YIS ianger ppBuRE b SOOI S B
a head mecpgRhsiudd @96h Ach@CHSt A Wlispiacth@ntOoansufel VO System 80
i ncl udes a photo-detector (PD) 81, a reducCtion gear nechanism 85, a
pot)e)nt i onet er 87,Iramhér@féféﬁecﬁQoralrbf\/tﬂaecgﬁa@éﬁ@rin%nt%e& Setli fyirich

di splay unit 93. The focus servo system 80 further has a notor 95, a notor
above, the amount of displacement of the laser light detecting
means is automatically adjusted such that the detected
displacement amount coincides with the reference displacement
amount. Thus, the amount of displacement of the laser light

detecting means can be automatically adjusted without troubling

the operator.

Brief Description of the Drawings:
Fig. 1 is a block diagram showing the whole structure
) of a known recording apparatus.

Fig. 2 is a block diagram showing the whole structure
of a first embodiment of the recording apparatus.

Fig. 3 is an illustration of the positional relationship
between a photo-detector and a spot formed by a focusing laser
light.

Fig. 4 is a flow chart showing a focusing process
performed in the first embodiment of the recording apparatus.

Fig. 5 is an illustration of a focusing error detecting

system using a focusing laser light for detecting the focusing



drive circuit 97, a focus fine adjusting circuit 99, a head slider control
circuit 101, and a focus servo circuit 103. The above-descri bed f@ﬂﬁ?ﬁGZNﬁ
of the optical system 50, as well as the PD 81, potentioneter 87 h
notor 95 which are conponents of the focus servo system 80, are di sposed on
predet erm ned positions of a single optical base (not shown). As will be
seen fromthe Figure, the PD 81 is novable to the left and right on the
optical base. A description will now be given of each of the conponents

"1 2 APR 2902 - to of the optical system50. The recording | aser 51
functions as a source of recording light_and also as a source of control
signal light. The recording | aser 51 is, Tfor exanpl e, a He-Cd | aser which
emts the laser light of a wavelength ~, (~, = 441.6 nn) as the recording

| aser light. The power controller 53 directs the |laser |light com ng from
the recording |laser 51 to the nirror 55 and controls the intensity of the

| aser |ighIEPEnPEn8 FEEBFALRG 1888 51 upon receipt of a detection signal
[ ght whi ch 7 uns EX9ai GiE® o (R g ERAAEIVECER DRFOBOIOTHEMYNer 55

i gnt mouratat oRPEB Rt ABN ST Aol Bl SRR (BE VR | g
T

controlIerd§§kaﬁgogggg§db?ytﬁgef{gggcgmggaim@y@.nndulates the received | aser
light in accordance wwth the information signals to be recorded and in

acéordance W th ariphtr dls o @halrt ilheseedulivéecds | veeiation o W@ tted to
the/ mrror 59. The recording laser light comng fromthe nodul ator 57 is

made to berebatdlenship Hdtweensthé depiheandibreatith of diftise (di ejyovivesyi rror
61, mrror 63 and a recording lens 77a of the head nmechanism 71. The
recordi ng fasmed| imha disk sbtiell by pheduesl dy capyéngda skedilst masserackwar d
al ong the sane light path
disk produced by a known process.
Fig. 8 is a block diagram showing the whole structure
of a second embodiment of the recording apparatus.
Fig. 9 is a block diagram showing the internal structure
of an optimum focusing position confirming circuit incorporated
in the apparatus shown in Fig. 8.
Fig. 10 is a flow chart showing a focusing process

) performed in the second embodiment of the recording apparatus.

Reference Numerals:

61, 63, 65 mirror

69 monitor

71 head mechanism
73 focusing laser
75 head slider

77 head

77a recording lens



~ 2 APR 2002 - 11 as that of the incident |aser light. The nirrﬁ&é?%“ﬂi§g
serves to guide this reflected laser light to the CCD canera 67. !'IfrF thi 202
enbodi ment, a polarization beamsplitter (PHS ) is used as the mrror 59.-
_ The head nechanism 71 has a head 77 and a head slider 75 which holds the
-head 77 in such a manner that the head 77 is slidable dowmward froma hone
position which is about 30 mm spaced apart fromthe resist master disk 110.
More specifically, the head slider 75 under the control of the head slider
control circuit 101 causes the head 77 to slide up and down over a stroke
of several tens of mllineters with the upper stroke end set to the

above- menti oned hone position. The head8stider 75, when the resist master
disk 110 is not rotating, sets the head 77 at a position where the
recording lens 77a can be adjusted to a "just focus" position. (This
position of the head 77 is referred to as "optimum position of the head
77 . ) . The head7Position where the recorgaﬁg |l ens 77a (referred to as
"optimum focusing position") is at the "jus cus, ption (this position
will be referredgﬂo as an "optinun1focusin858%87$€%%9%%%ay deviate fromthe
optimum position_of the head 77 by anounts . qhs are t of

several um due tggmaving of the surface ofr%ﬁgggégés?gaagggﬁﬁgﬁgﬁl110 due
to rotation of tgﬁ same. However, the head,siibfef{oferés | ncapabl e of
perform ng any control which would fO||OM/Bp and conpensate for this

vari ation of theggead posi ti on, 1 2 ApR 4982tal ldispEspuatit t has
inferior responsé characteristic. The head 77 has the recording |lens 77a
and a voice coil ggotor (VCM 77b which surmedseds the recording I ens 77a and
\Mﬁ)ﬁ\is capabl e of noving the.recording |l ens 77a up and down over a stroke
of "50 arm wi t hi ngghe body of the head. A smopompériver ¢Exreuitaving a
nunerical aperture NA of 0.9 is conveniently used as the recording, |ens
77a. In this caseg the focal depth h ( h =—foens(fimeadjnsting ¢isgBit . Wen
the recording laser light is applied, therefore, it is necessary that the
position of the aedording lens 77a is so abFé@t%%Fﬁ?EHCQH¥§Q§uFF§EBlgf t he
resist master disk 110 to be exposed is disposed within,the, focal depth h.
The VCM 77b opera08s under the control of TREUFOEEEVREFHECULt

103a differential amplifier

105 optimum focusing position
confirming circuit

107 _ manual switch

110 resist master disk

The Best Mode for Carrying Out the Invention:

preferred embodiments of the present invention will now
be described with reference to the accompanying drawings.

Fig. 2 is a block diagram showing the whole structure
of a first embodiment of the recording apparatus.

As will be seen from this Figure, the recording apparatus
has an optical system 50 and a focus servo system 80 which causes
a recording lens 77a of the optical system 50 to follow up a

resist master disk 110 with an accuracy on the order of



circuit 103 so as to adjust, after the head 77 has been set to the optinu
position of the head 77, the relative position of the recording Iéﬂ§?7VHth32
t he head body so as to set the recording Lens 77 at the optimum focusi ng
position, by following up any variation of the optinum focusing position

due to waving of the surface of the resist master disk 110 during rotation

of the disk 110. The focusing laser 73 functions as a source of error
detecting light which is used in the focusing operation. For instance, a
He-Ne | aser which is capable of emtting a | aser |ight of a wavel ength of

~, = 632.8 nmis used as the focusing |l aser 73. The laser light emtted

fromthe focusing | aser 73 ~1 2 APR<Z®? - 13 is reflected by the mrror
65 and is guided to the resist naster disk 110 via the dichroic mrror 61,
mrror 63 and the recording lens 77a. The |aser light reflected by the
resist master disk 110 is guided back to the mrror 65 via the recording

| ens 77a, SHbeicBNHNdThRerarerndsng appavatws) furidiexri hasr acshifsangi t s
only the reflected laser |ight which serves as the focusing |aser |ight,
whi | e ref IReghaHiamd nods sBevBY whikeh driyies khecresisy aasten ddsketdPdi ng

| aser |ight. nsEqéent I é’%fnl the fqQcusing.,laser_ light reflected fromthe
resi st mastte & egre I yRaleZeRibhen AR SaisescBoFelabive g1

whi ch | f the.f . 80, i.s enmbodi ,

ol ar i 2at RSV AtERD) EhBpEFRist RRELE TIAK 14 Grdbehe SEEHlo cace

f th f i d.m T .at I ical_si I
“hai cat | vaEee 2858 vetn AR Bnal Bree Sl AR T e BRE RO h s
Ve O s . recordl na ol

Aok o1 can ot SHEREREPEErOULLD SR Ao ndcn] 85 rpdi + 201 B BUFEGHIET | o) e
on the mﬂi&d%ﬁa@;@.ofrxobnﬁi aeAbdaPativAl 6£Na Widdlf GRRfida¥ive otChll PLI ON

w Il now be given of the conponents of the focus servo system 80. The PD 81
is a lineaecoeded anfdemaeiong sensor or a split-type sensor having a

pl anar formas shown in Fig. 3 and novable to the left and right by a drive
shaft 8la. The drheeoshiafdl 8ysteass5a incrudédreadcbading dasebespdyter

power controller 53, a mirror 55, a modulator 57, mirrors 59

to 65, a CCD camera 67, a monitor 69, a head mechanism 71 and

a focusing laser 73.

The focus servo system 80 includes a photo-detector (PD)
81, a reduction gear mechanism 85, a potentiometer 87, an
amplifier 89, an A/D converter 91, and a digital display unit

) 93. The focus servo system 80 further has a motor 95, a motor
drive circuit 97, a focus fine adjustingcircuit 99, a head slider
control circuit 101, and a focus servo circuit 103.

The above-described components of the optical system 50,
as well as the PD 81, potentiometer 87 and the motor 95 which
are components of the focus servo system 80, are disposed on
predetermined positions of a single optical base (not shown).
As will be seen from the Figure, the PD 81 is movable to the

left and right on the optical base.

A description will now be given of each of the components



1 2 APR 200Z - 14 peripheral surface thereof and serving as a fefct %{?F?UOZ
whi ch nmakes a screwi ng engagenent with the body of the PD. The drive shaf
85 has a reduction gear nmechani sm 85 and a potentioneter 87. The
arrangenment is such.that the forward and backward rotation of the shaft of
the nmotor 95 is transmitted to the drive shaft 8la through the reduction
gear nechanism 85, so that the body of the PDis noved to the |eft and
right as viewed on Fig. 2 (Fig. 3). The position detecting sensor or the
split-type photo-di ode has a detecting region which extends in the

| ongi tudi nal direction thereof, i.e., horizontally, as viewed on Fig. 3.
The position detecting sensor is divideddo to two sections: nanely, a
section which has a photo-di ode di sposed on the right side of the center of
the sensor shown in Fig. 3 (this photo-diode will be referred to as "right
phot o- di ode", hereinafter) and a section which has a photo-di ode di sposed
on the | ef ofsithe optticelceystemobOt he sensor (this photo-diode will be
referred to as "left photo-diode"). Each of the left and right photo-di odes
has an out put terBhealecorfiiagolagen Sicfunatdlonss as lkeseunte ofhoecoxtiion: wil |
be referred to as a "right output termnal”, while the output term nal of
the | eft pAdgbtdpBdeadspP| apearePere@f cantrol |sdionadudighterPh®al ". Both
term nals are not shown.) Thus, the positjion detector sensor used jn this
embodi ment TRSSTERBYf bpHeETSh I EPTpR¥EWPLE okt HATiCEh 1pE6awRECh SRS | of ¢
and right vol t ages, whi ch

are usedWIz?I Htﬁfﬂ?ﬁi’éﬁ?‘lﬁ l%%tglo‘g%‘t’!%i/??’?ﬂﬁék éb?g Ol PF‘i-r)]ca:a}ﬁSIti},e TGN tﬁ
a3 : e e nan e

bod t ton ddngets hEIRERTEe Boutt biE et 53°Rirptel phaTI AR AR o0 5
b eh o . T ough ‘ 2o .

Conpar ati vEPiihd 42U ERESLLIANLROL 0Bt 51 B5 CHORIrPOE'SS Shdtfonchats

phot o- di od ht&néli I Sict-berHe! i | from
R e el b e e i R M A R

irs on the apehtré&déipiof eqabereiorndidgmead Mo hi photo-deti@sidr (@otol t age
whi ch is higher than that obtai ned when the beam spot is at the position f,
i s del i ver shodm pnféhedetedtimytappiorttdon o4l thehbaeers 1ight afiicutruns
term nal delivers a positive voltage which is |ower than that obtained when
t he beam sporaightitatter fusing dramemniCsede tbabpghwhbe nherbeahs spthe i s
| ocated at a position f2 which is within the detection region of the |eft
phot o- di ogeodulator 57 may be, for example, an acoustic optical effect

(A/0) light modulator which uses the correlation between

acoustic wave and light wave propagated through a medium. The

modulator 57 receives the laser light which has been emitted

from the recording laser 51 through the power controller 53 and

guided by the mirror 55, and modulates the received laser light

in accordance with the information signals to be recorded and

in accordance with a control signal. The modulated laser light

is emitted to the mirror 59.

The recording laser light coming from the modulator 57
is made to be incident to the resist master disk 110 via the
dichroic mirror 61, mirror 63 and a recording lens 77a of the

head mechanism 71. The recording laser light reflected by the

resist master disk 110 runs backward along the same light path



the relationship between the voltage signals fromthe Ieft and right output
terminals is reverse to that obtained when the beam spot is at the] foAPRi 2002
f,. Simlarly, when the beamspot is at a position fl which is on the left
side of the position fz, the relationship between the voltage signals from
the left and right output ternmnals is reverse to that obtained when the
beam spot is at the position f4. Wien the beam spot is |ocated at the
central position fo on the PD 81 shown in Fig. 3, positive voltages of the

sane | ,1 2 ~4PR 2002 - 16 |level are obtained at the left and right
output termnals. The central position fo is a position which may
correspond to the optimum focusing condifion, i.e., the just focusing

state, of the recording lens 77a, depending on.the position of the PD 81
relative to the optical base, whereas other positions offset fromthe
center such as fl, f~, f, and fd may correspond to defocus states of the
recording |am&hat Qép@iﬁill@@ldﬁnﬂihba%éll{h%\ﬁ of The@ipmog159 #1400 §ervest he
optical base. Thus, when the beam spot is, | ocated at a position_such as one
of fl to f t%ﬂlblhiq dhdsr seflerbad hasernkiaht FOstheofCh Lanerd §dsi t IBn of

t he recordl ng. | en 77a is automati.cally adj ust t he focus servo circuit
103 and t he-hiaveRpediBga tﬂa&'f R SR ESE (BOR) iR JBEH RA
position fO shown §9g regardl ess of the position of the PD 81
relative td-HH& base Oobvi ously, the positive voltage signals

del i vered from t h@hgeﬁkagnﬂﬁhﬁiﬂﬁu}gtﬁaé & fd 3,7 dbg ﬁg?ﬁtg#%?{jand

negat| ve vol tage Signals ect’l on S gna f rom

rigpt out pufs LR3I B! chBChakaY 7 % Sphriner R0 dhadhedd®;

vered to a erential anplifier a of ocus servo ci rcwz 103.

Ref erring hackitigable déwn@ara!lfrion gt ﬁéﬁn@rpd?ﬁt‘ii@d QHE&EH%H&RCQOV&H S
rotation angle to a voltage is used as the potentioneter

mul ti -r ot alggaredepapalritoFRbAr tHet eessst Raswdrindigk rid.ati on'of the drive
shaft 81 and delivers a voltage signal corresponding to the rotation anount
to the "'~ 2 ~ MoRe HErifitAlly, the head slider 75 under the control

of the head slider control circuit 101 causes the head 77 to
slide up and down over a stroke of several tens of millimeters
with the upper stroke end set to the above-mentioned home
position. The head slider 75, when the resist master disk 110
is not rotating, sets the head 77 at a position where the
recording lens 77a can be adjusted to a "just focus" position.
(This position of the head 77 is referred to as an "optimum
pésition of thehead 77.). The head position where the recording
lens 77a (referred to as "optimum focusing position") is at the
"just focus" position (this position will be referred to as an
"optimum focusing position") may deviate from the optimum
position of the head 77 by amounts which are on the order of
several ym, due to waving of the surface of the resist master
disk 110 due to rotation of the same. However, the head slider
75 is incapable of performing any control which would follow

up and compensate for this variation of the head position,



anplifier~89. The anplifier 89 anplifies the voltage signal fromthe
potentioneter 87 at a predeterm ned anplification factor and deli \ﬂeﬁsA?R]ezunz
anplified voltage signal to the A/D converter. 91.- The A/D converter 91
converts the voltage signal (analog signal) to a digital signal and
delivers the digital signal to the digital display unit 93. The digital
display unit 93 has a plurality of display places each being conposed of
seven segnents. The segnents of each place are selectively driven in
accordance with the digital information given by the A/D converter 91, so
as to be displayed as nunerical information. The nunmerical information
represents the di stance between the instl@nt- position of the PD 81 rel ative-
to the optical base during the operation of the vCM 77b for setting the
recording lens 77a to the optinmum focusing position with respect to the
rotating resist master disk 110 froma reference position of the PD 81. The
ref erence peshusenitfhapeirfesior sresponae ahsiractendspasiti on taken by the
PD 81 when the head 77 has been set to its optinmum position with respect to
the resist masterThg ieath §7.pas hengagoydingolens ﬂ&% RBdad i VRlceigeil
nunerical information_varies depending on the type of the resist mnaster

di sk 110 wRPERTY| (VG B@bé'ﬂﬁjcéb’?%ﬁr?\ﬁn‘gﬁéh@ﬁ‘?q ling,jeng 7jscand ¥hich

Lhe 1 osi ot iAnGeRRbIR ST MRGIAEL AT X5CotRa oL Eng ) TR APdudaWin @VEEeer | bed
whi ch can ROPEFEXE PR b i Hr (iR REA, ShndbeshaPivan by t he motor
coiror of the. fughoh: nBEYRake Tedt iy LoHuher eRE A0ty M biCUP 10

and right gsgVieweshidhfdrik1v WHedidd the E@EQS&E’!?{%QE?RQ‘?? I opofeptige focus

servo circurt 103 and the VCM 77b. To this en ocus f1ne adj ust

circuit 99%gs@plims fdaimdepihdhi YRr=Ol/ QA )) 96 Vekh Sm&DD!r othewi @nel for
effecting an inching or fine driving of the notor 95. The focus fine adjust
circuit 99%réesrdingkdsdr Ndghd tisoapplidedshoherefdire) itndld aecebsagper at or
to set the amount of leftward or rightward novenent of the PD 81. The head
slider conthat thier pasitiod ofs thecoapundirig Wensh7 7a imcsovad pibed thato
operation of other conponents, for commencing the initial setting of the
opt i mum f otheisurfags ehthoresich mastess dink 1b8ite besexposedids or for
commenci ng_t he focusjng operation_of the apparatus of the invention ( shown
in Fig. 2 9isppsehavifiiigoddenifospdosergbt Re resist master disk 110 . Mre

spectFical 1, RS 3 bte SR Blo S o0 COPL0l bR bhe oo, o
o0 o ARl IR OSY el BEob ORTALEYI DR Bl etk
b LRt e e L
tie the recording lens 77a in the head body so as to set the recording
lens 77 at the optimum focusing position, by following up any
variation of the optimum focusing position due to waving of the
surface of the resist master disk 110 during rotation of the
disk 110.
The focusing laser 73 functions as a source of error
detecting light which is used in the focusing operation. For
instance, a He-Ne laser which is capable of emitting a laser

light of a wavelength of A = 632.8 nm is used as the focusing

laser 73. The laser light emitted from the focusing laser 73



'l 2 APR 2002 - 19 head 77 is lowered to a predeterm ned optimum position
from t he home position (a position which is approximately 30 mm aﬂo&e&ﬂmeuoz
surface of the resist master disk 110). .As described before, the focus
servo circuit 103 incorporates the differential anplifier 103a, and is
started automatically or by a manual operation of the operator, after
conpletion of the setting of the head 77 to its opti mum position perforned
by the head slier control circuit 101. During the rotation of the resist
mast er di sk 110, the focus servo circuit 103 perforns fine adjustnent of
the position of the recording disk 77a by controlling the VCM 77b based on
the Iight detection signal derived fremishe PD 81 which has ben adjusted

| eftward or rightward by the operation of the focus fine adjust circuit 99.
This operation will be described nore specifically. It is assuned here that
the PD 81 has been |ocated at a certain position on the optical base. The
di fferenti abs zefpledtiest byOSze prizdores5 andois tguicedr todiet resisbinaaper
difference (error signal) based on the difference between the voltages
derived . €iskileviadthe dighradcauiynar 6&y mixtiog. 63\ ansktheweaonging t he
vol tage difference neans_that the beam spot of the focusing |laser light is
| ocat ed wi 168Pf 1T ddhecisar eldn refleqted intthensesigt s sr diskpp 81,
i.e., a position sych as f, or f4 shown in Fig. 3. In sych a case, the
focus servblliiEanidedaback s FhesUERFar S6nYi8 the regoraIBa Hehs didrdi ng

| ens 77a up,or do b 1 2. APR 2002 - 20_.an_anount of veral arm

t hr ough t hlguéf)%lf a‘ﬁ] gﬁ\éth? h%“f)ﬁ\ﬂ”ﬁ BLrERfi 61y héﬁ&b’ﬂ%ﬁg%ﬁf FFéRsPdittage

di { erence_] " i ngl e a to the
post 1 on 1R iEEGAEEId e LEELP K ohuEie BEHIK 38 A cBRRRL 8 A5 Bt veen
t he vol t age; Sign i t '- t he
beam spot FoHe HAder nh e ey | GHer pbF2ePLid fadel ThBRE M IRAT B2
region of fhenetbcabaingdifids 2highte REddbleqderfly,~8nP9Sind FdchdsRgas f!
or fz shown in Fig. 3. In this caSe also, the focUs servo circuit 183
perforns sugsern1gghtr e fhscticd fPuR tHereeLot dastelredits i 12 0uis @l 1dwed,

t hrough the operation of the VCM 77b, thereby bringing the beam spot to,
for exanplin reaehpbbetphotd-detleoiwori (PH) Bl #hidh s accsepoerent.off hhe
position of the recording lens 77a is automatically controlled such that

t he beam sfrstuspserne syriem 8§ . abrethisgembodinerdat scp@lariratcion bghm
position fo on the PD 81, even when_ the beam spot has been offset to a
posi tion SARtLH (PBS) 1p ugpd BF 1De mivker (6% aseifi bhe stageofpbhgl at a
position after a ra nut e m)\sécérrent of the same fromthe aforenentioned
certain pdSidaEHRIA MTL9%sddnmed, by way of exanple, that the head 77 has

b L h in Fiqg. 5 h ion.of..the.head
ol der cont ol o PetP SEnSRT ihereten ol raibpdbRl e £ s bRELVL

der WA 1€ i . Aal"Ps
Chp. posi 110 (O TRE i el by SR echeifin Pastl Liuif SRERogEC e

shifted 1o iRRAt t&Rhe cCD gaﬁBBa?@)o_@hroﬁlgh theth LAt 86 58y dridBelifels Wavi ng

of the resist nmaster disk 110 which is rofating. In such a case, the beam
70 of the thecysettriestsignalelteehedndyiidie 68 pafdfebsthbaitMnsgei s

i ndicated by 72 and-is guided to the PD 81 in the manner shown by a numeral
74. Ther efizr elisplayedt bhnghesmorifor nédl for Misuadc obdiertraltdsar biyi ghé 78
while the latter is in defocus state. In this case, the focus servo circuit
103 perforaperatorne adj ustment such that the recording lens 7a is noved
away fromthe resist master disk 110, on condition that the position of the
PD 81 is reset shdesauiption vahldiow bel giteer ®iatheheomprnentsh ofntheat ed by
S. Consequently, the position of the exposure surface of the resist

rel ative ti@CUFe 5REVEr 8YAGSMeRQ-77a is changed fromthe position 110b to a

osition indicated by 110a. As result, the beam 70 ,of the focusing | aser
|pi ght is refl ect BRE lyD 81 is a lainear posnrnl.on detecting sensor or ag

split-type sensor having a planar form as shown in Fig. 3 and
movable to the left and right by a drive shaft 8la.

The drive shaft 81la has a screw thread formed on the outer



by the exposure surface denoted by 80 and inpinges upon the PD 81, whereby

the cutting is perforned by the recording |aser |ight 78 which |s1ﬁ APR 2002
"just focus" state, i.e., with the recording lens 77a |ocated at the

opti mum focusing position. The potentioneter 87 detects the anpbunt of the
di spl acenent of the PD 81 fromthe position where the center of the PD 81
is located at the position S to the position where the center of the PD 81
is located at the position S. According to a major feature of this

enbodi ment, the displacenent anount detected by the potentionmeter 87 is

di splayed in the formof digital data. Cbviously, there may be a type of
resist master disk with ~1 2 APR 200--1£2 which the optimum focusi ng
position of the recording lens 77a is |ocated at the position indicated by
110b. A description will now be given of the focusing process for-
initially setting--the optinmmfocusing position of the recording |ens 77a,
wi t h ref er pecdpheraiestikrfachathex@ofimand s@nying ashe feedescrewivihich || now
be described uses focus position data which are deened to be optinmm

f ocusi ng pB@keson aRMeVind engpaeeeptanitdr §herkefy Rfotlh® BP .nufbaldniies at i on
executed by a skilled operator, (Such focus position data will be referred

E(ﬁ afs "pre&?létfédsép‘l@ﬁrﬂn’méﬁﬁﬁi-?ﬁ iﬁislil !“PSHaB&F'&'If; ;)I‘dA? E%erﬂég?tmﬁﬁ% Sf
e focusin rocess he oper at or e a_. prede ne
posi tion oﬁ9 h B t35zan it ﬂ?er?ucghé}‘ra&cgﬁgﬁnﬁo?:‘%% grd pléa‘gf‘é? whil e
th t di { t Th d St t
are g ven F8 e%a neoa%}ég % SR RerpE 7% 14 S ranRoreFA 14, Flle eﬂ%ieﬁfs' the
lid
opgfaflBneEP%EtﬁgigsgﬁgﬁgﬁMggﬁtro1n%?ﬁ¥gafg?dﬁgperlo éﬁf{§gg%%§%ygﬁlcally
checks \Ahegaagaﬁf ppNes REARAES ERGCEH Andl POGREIY YetyRlof g,
Ing re or exanple,

position, erence to an error signal derived from

t he differgn(F agplifier 103a (Step S122). Wen the result of the

peri odi cal chec “shows that the head 77 is still above the opt i mum posi tion
(Step S123), the Tiewpuarit iony deteictihgt bensendor 7the sypmiti+uigse (Step S121),

photo-diode has a detecting region which extends in the

longitudinal direction thereof, i.e., horizontally, as viewed
on Fig. 3. The position detecting sensor is divided into two
sections: namely, a section which has a photo-diode disposed
on the right side of the center of the sensor shown in Fig. 3
(this photo-diode will be referred to as "right photo-diode”,
hereinafter) and a section which has a photo-diode disposed on
the left side of the center of the sensor (this photo-diode
will be referred to as "left photo-diode"). Each of the left
and right photé-diodes has an output terminal. (The output
terminal of the right photo-diode will be referred to as a "right
output terminal"”, while the output terminal of the left

photo-diode will be referred to as a "left output terminal”.
Both terminals are not shown.) Thus, the position detector
sensor used in this embodiment has the form of a split photo-diode

which produces at its left and right output terminals positive



~ 2 APR ~~~~ - 23 whereas, when the result shows that the head 77 Qfs %?Qﬁ
down bel ow the optimum position ( Step S123 ) , the head slider cdﬁt(ﬁp 02
circuit 101 term nates the downward notion of the head 77 and, instead,
commences upward novenent of the head 77 (Step S124 ) . It is to be noted
that the operator is prohibited to start the focus servo circuit 103 during
execution of the above-described control operation perfornmed by the head
slider control circuit 101. Wen it is judged that the head 77 has reached

t he above-nenti oned opti mum position (Step S122), the head slider control.
circuit 101 termnates the driving of the head slider 75 (Step S125). The
focus servo circuit 103 is started (SteplS8126) when it is determ ned after
the start of rotation of the resist master disk 110 that the

above-nenti oned opti mum position of the head 77 cannot | ocate the recording

l ens 77a at the optimum focusing position. The operator then sets, through

t he oper at i velbzges ovhigh tare as rtdheadiight detectiomosignakmount of

fine novement of PD which corresponds to the aforesaid predicted optinmum

f ocusi ng positi on’@&'teaspﬁlifhﬁﬁliﬂe reéegrwgmetcacﬁws-t Xoi Wben: the beawm| y
drives the PD 8 o.the left, or &gkep S127). The difference between

t he vol t agefRPYy stl'lf'erflCK‘Fé‘(fJ‘Prgoﬂr?F E £8hE iMRANG WUpans the PREIPEFB1

he. i sk 1 SERHE T e optcBREe an YR ASEE0E Rola FRERCH, o AnBUBTERS RO fthe
e L i e
0
(1oFo) Tt Hidhe L8 e ey h B ARV IadP s 1 S A OBERTAEL C 7
' n the head/% é‘%l%ﬁ:arﬂg‘ﬂoaﬁiéaet hehgbeve éﬁ?&{ al?:‘iq'ei U8WBok it Phe

reducmgthev tage difference to ,|stheot|rmmfo S|ng position

under rotatyditfe LHRId19YeHed BEd R thél B4 b0tphbe REMAIQr fhheCHERA! €S
the nunerical information displayed on the digital display unit 93 with the

above- nent ispead ipr €ormeddatpa i posd foousi,nghpeisi is on ddearighepsbdesyft | f
t he di splayed nunerical information coincides with the predicted optinum
f ocusi ng pddie iaboveamenttiboegdr pdéitaédnops,i mupoBdtiveduodtage ehiichisidhei ng
the optimum focusing data (Step S129 ) and is used as the data for initial
setting of ftwéle@pthﬁﬂrﬁh&ic@btﬁgnﬁds‘m?fbﬁh@@@@“5:93’0’-) 15@#,¢@|equ>§1t;¢nt he

conpari son conducted in_Step has proved that, the di spI%ed nurrerl cal

dﬁta dogs ﬁ@tlsCGF%éVﬁE?%@W“t F@e Er’éﬂ}tc?BBPB'th‘%%ngécu‘g t?"ge %at a,
Substl tut e poE oA £ R0 1R s eaR HtiTs et s air Paich e 3pvet thap
process the ?K tLg:Bg?Qﬁe& §%§pt§‘:lé3€¢1a:ﬁ BEPEAL 110 Y Po¥li el e, ¢ the

operation o eps 1S ‘possi bl'e tt0 acquire*opti mum
focusing positionconversely, when the beam spot is located at a position

) f, which is within the detection region of the left photo-diode,
the relationship between the voltage signals from the left and
ri'ght output terminals is reverse to that obtained when the beam
spot is at the position f£,. Similarly, when the beam spot is
at a position f, which is on the left side of the position f£,,
the relationship between the voltage signals from the left and
right output terminals is reverse to that obtained when the beam
spot is at the position f£,.

When the beam spot is located at the central position

f, on the PD 81 shown in Fig. 3, positive voltages of the same



data for each of different types of resist master disk. Thus, in"t;f

descri bed enbodi nent of the invention, optinmumfocusing position dad APR 2002
corresponding to the type of the 12 AP R 2002 - 25 resist master disk
110 to be processed is selected prior to. the exposure of the resist naster
di sk 110, and the optimum focusing position of the recording lens 77a is
initially set based on the selected optinum focusing position data, whereby
the variation of.shapes of the bits or grooves forned in the replicated

di sk can be reduced as conpared with the known arts. A description will now
be given of the result of a conparison between the variation of the

rel ati onship between the depth and wi dthheoE the bits (or grooves) forned in
a disk replicated fromthe resist naster disk prepared in accordance with

t he descri bed enbodi nent and the variation of the relationship between the
depth and width of the bits ( or grooves ) fornmed in another disk

replicat edléveinare edbtatinedsatrthéi $&fpraaphriéght muwtpeadr tarménad s h &Henown
technique. Fig. 6 shows the variation of the relationship between the depth
and wi dt h oénthal bpesitioen gf,009e3)pdsitimn whighdnak ceptrespend tia dhet he
resist master disk 110 prepared in accordance with the described

enmbodi nent ophikim fogusing leensditienyvaii &t i diheustefpenaing wiate befineen
the depth and width_of the bits (_or grooves %]%;lorme,d in a disk replicated
from t he rEBefeGRIEAINg dieRe A7 8 pHREIHNE o5 Hag Rosditdon fE khe kP 81

t echni que. 7, axis of ordinate re,pr.esesnts t he w dt h,

|p each of Figs. 6 and 7, [
whi 6 abscFELAtT¥R tR TS GRfd.TRdpPRSCs! WPRESAF (QERTH RAHVEDF A& ai n
relsati onship exi.sts between.th ept h an ~ 2002 -. 26 i dt h of
bi th (or oFLoh 608 SeRFEYERon IF £0R, 2 And, £ iy et derpop ey detefbd, Ly,
Thi s const | af i 1 0. 1,Sy:08d N d.on _aof the
focusi ng p%g“ls%%%n@%f ?%éjcr?rl I ngte Ignz(;?ggi)ig%a\%?ilc?lpetﬁé #)Lss‘i’qﬁto%eo?
relationship,igp Vgy i RCWUSitABaROBhELON h C Qi) ens 77a
fl uctuat efsli_;ﬁ)? ~§DFi8’(;11].r lg&ls%&;sb ?%gtyari :ti&_oﬁmofB %_ﬁe_ r’lg{uéc{'i g’rlllgeﬁll gli%bt%%iair?ed in a
case whereg fd uddildPatoh pbeit DsnHdtth REeSbhieoss Of, thef| adich RE | ens
77a is small, while Fig. 7 shows the variation observed when the
fluctuati opffdett herdnocilsd RENaRIlt pos igfiohhe, ; ety Posgd tiens of7&hies
significant. A conparison between the data shown in Fig. 6 and those shown
in Fig 7 oeaardingldenasl tatissattenatimally adtjushed byt hberBdats ershiop
between the depth and width of the bits (grooves) is smaller in the disk
repl i cat edc i@t HO 3 avdsthaa¥E¥ 7 Th sisuchothat phhe deam spodr dmpdngabt h t he
enbodi nent than in the disk replicated fromthe master di sk prepared in
accor danc1RAR fheneertbdh Rosdidrautl shayn aniEig. JoERIFFEERIFnThERLNg t he

whol'e str up%[suirteion of the PD 81 relative to the optical base. Obviously,

the positive voltage signals delivered from the left and right
output terminals may be substituted by negative voltage signals.

The 1ight detection signals fromthe left and right output
terminals of the above-mentioned split photo-diode are
delivered to a differential amplifier 103a of the focus servo
circuit 103.

Referring back to Fig. 2, amulti-rotation potentiometer
which converts rotation angle to a voltage is used as the
potentiometer 87. The multi-rotation potentiometer detects
the amount of rotation of the drive shaft 81 and delivers a

voltage signal corresponding to the rotation amount to the



of a recording apparatus in accordance with a second enbodi nent of the
present invention. As will be seen fromthis Figure, the recordi g2 APR 2002
apparatus of the second enbodi nent differs fromthe recordi ng apparatus of
the first enmbodinment in that the fornmer has an optimum focusi ng position
confirmng circuit 105 and a manual |y operable switch 107 which are
connected between the output of the anplifier 89 and the input of the focus
servo circuit 103. 1 2 APR 2002 - 27 Oher features of the second

enbodi nent are the same as or simlar to those of the first enbodi nent and,
therefore, are not described to avoid duplication of explanation. The

opti mum focusi ng position confirm ng ctrkli-t 105 has a function
substantially equivalent to the operating portion of the focus fine adjust
circuit 99 enployed in the first enbodinment, and is used in the operation
for the initial setting of the optinumfocusing position. The optinum

f ocusi ng pedpdiiddexolPi-r iThR) amplhfiier @9 raplijddeshbha voltage signal
differential anplifier 105a, a reference voltage setting cirguit, K 105c
connect ed E&OMHEhE,POEENSACTRREF ?Er?ﬁrﬁﬂP?ﬁdqqﬁ¥mﬁnﬁﬁeP%P@FSPCSHﬁPPfier

05a, d lifi 05b_hayi feri f | ab
s, 5t ance LAFFOR AREaPSBUSEr Y b o Jol Tk don 0 SR FE-08I PBes i

d th f L ' it 105¢. ifically, th
roference FOMPABEeRT1 nd B AL P BRt oLt SoubRaEp it SpPESbaldinl 1"
h ' . ;
cor aopondl RS20 RETERBLN® of e dovasenr ohe: RETEEE] Tt o cne
prwxi cted ﬁ@&hg\}gn}:gogyéi‘g Pesi tap nikhezdi fferential anplifier 105a
C e~di e

omput es t ference ween the output signal derived fromthe
anplifier 89 and ¢fie diRfi®aanaesplhyageieryd iRG Bypileal et ¢reneasyllayage

setting circuit 105c, and produces a voltage signal (error signal)
correspondphgcés édeh belihggeompdded @t sevéhes edgnienits) gTak s&gmer¥s oAPR 2002
- 28 each place are selectively driven in accordance with the digital
information given by the A/D converter 91, so as to be displayed

as numerical information.

The numerical information represents the distance
between the instant position of the PD 81 relative to the optical
base during the operation of the VCM 77b for setting the recording
lens 77a to the optimum focusing position with respect to the
rotating resist master disk 110 from a reference position of
the PD 81. The reference position of the PD 81 is, for example,
the position taken by the PD 81 when the head 77 has been set
to its optimum position with respect to the resist master disk
110 while the disk 110 is not rotating. The numerical
information varies depending on the type of the resist master
disk 110 which is to be subjected to the cutting, and is used
as the initial value to be set by the apparatus of the invention

for each type of the resist master disk. The manner of the initial

setting will be described later in detail.



delivered to the focus fine adjust circuit 99 only when the swt
*been cl osed. The focus fine adjust circuit 99, upon receipt of Hﬂhzégﬂ%qmgz
signal. controls the notor 95 through the operation of the notflr drive
circuit--97, thus effecting a fine novenent of the PD 81 to the left or
‘right. The switch 107 is manually closed by the operator only when the
initial setting of the optinmmfocusing position is conducted by neans of

t he opti nmum focusing position confirmng circuit 105. This switch 107,
therefore, is opened once the initial setting of the optinum focusing
position is conpleted. Fig. 10 is a flowhart show ng the focusing process
conducted for the purpose of initial seflBing of the opti mum focusing
position of the recording lens 77a in the recordi ng apparatus of the second
enbodi nent. This process is discrimnated fromthe process of Fig. 4 only
by the operatlonggfrforned in Step S127 and the operation performed in Step
S123, as will € pober e A sf @ FRMeRS iddpBetas Wiahean Katate bathhart s

of Figs. 4 _and 10. Nbre speC|f|caIIy, referrlng to Fig. (10, the focus servo
circuit 10Boywaxd él“fie‘é?‘f kwaiedy SH!QGI% dpavenhyhther aodogdel ‘(/%‘FF&@'S“R
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ation ore are executed includ ing the adjusting operatlon

for adj ustpdghl Beerndr ehdl ﬂde@EEinUa?d}lPstOEqu@%t@Q khg aesHhedhots¥eral pm
performed by the focus servo circuit 103, as wel ﬁe checki ng executed

by the opelsitvair air&ﬁm/rge;thsthtah@o@afcbrrlsrngfn@quswgfmeatingrarhaﬁcb
reached. The apparatus of the second enbodi nent offers substantially the

sane advardm@éneadrihiyse off théenctpa Bt usTind foleasf fise aehjinsdi ckencuitl t hough
the i nvention has been described through

99 has an operating portion (not shown) which enables the

operator to set the amount of leftward or rightward movement

of the PD 8l.

The head slider control circuit 101 is a component which
is activated prior to operation of other components, for
commencing the initial setting of the optimum focusing position

) for each type of the resist master disk, or for commencing the
focusing operation of the apparatus of the invention (shown in

Fig. 2) for the purpose of exposing the resist master disk 110.

More specifically, the head slider control circuit 101 controls,

when the resist master disk 110 is not rotating, the head slidex

75 by making reference to an error signal (described later) which

is generated by an error signal generating means such as the
differential amplifier 103 based on the light detection signal

derived from the PD 81 which has been located at a predetermined

position on the optical base. As a result of this control, the



illustration of specific enbodinments, it will be understood that t/#§e APR 2002
-descri bed enbodi nents are not intended to limt the scope of the present

i nvention. As has been described, the present invention provides a
recordi ng apparatus which permts easy initial setting of the optinm
focusing position suitable for the type of the resist master disk to be
processed, by virtue of the feature that the data indicative of the optinum
focusing position of the recording |lens are handled in the form of

nunerical values. Industrial applicability: The recordi ng apparatus of the
present invention can suitably be used as a | aser cutting machi ne.
REPLACEMENT SHEETS ~ 2 APR 2002 30 CLAFMB91- A recordi ng apparatus for
exposing a resist master disk to a recording laser light through a
recording | ens which has been set at an optinum focusing position,
conprising: displaceable |aser |ight detecting neans for receiving a

f ocusi ng | akead |TTghs lgwetechie daaedepermined Prinaueppsitien firom thed
resi st master disk during initi.al, setttnﬁ of the optinun1focusing osition,
and for prokere RPSitARJdE Prsditdrn whaahcis i arpraximadedyo 3% Moy BQVFation,

froma predeterm ned |ight receiving positi he |ight receiving

n,, 0
posi ti on whel® SHefaes 1B F@édéi"‘n&‘gﬁéﬁér SFthilé)s' recei ved; servo means
responsive to sai ¢ detection.sjgpal so_.as to automatically.adjyst the
rel ative positi ongﬁf 353%18880#%??1591 evie vé?cﬂ’sr S Y& cﬁﬁcééi%dhyisi st naster
di sk in such a manner t 0 L I {afi t her | t he
recordi ng I"'e’hcsoxéﬁoxﬁi:ee Sg;‘t’ﬁem‘}%k g%%@%%afg%‘&”}df%%& dllcagﬁ ’a%glﬁdgg% %ﬁ%%*ﬁeg
detecting il | B9 4 RV Bhepht dbAPS AGHE 52}, dakeapr
Ii;ht det ec |ngaﬁ§ﬁﬁ§?'a%3fg?splay npanée?%rqgﬁéaging ?ﬁgﬁ%Utpuyafron}said
di spl acemendonitilonlsFadid BELERAGDL Phe HEHEY 7GR i¥8!dMsimitipds seieNi ng
the .~ nunerical values. 2. A recording apparatus according to Caiml,
further corgerfori@d bef ehenbdead 8hliesesontralmeitcsial t101g Nnbapsngnthéi ch a
reference di spl acenent amount has been set in terns of the anmpbunt of the
di spl acenentottaggianny efl the alesdst mastex diéskel bef whenfeeusl senyot circeiti ng
position at which the focusing laser light is received and said reference
| i ght receiMihgepdormsofiinadedjuskment odnthei pesition «ff $hecreedrdingens
has been set at the optinmum focusing Eosition; and aut onatic _di spl acenent

amount adj uhisk g7 adahsonbrodinadthec¥eny Tabased ap the Midh dekaehionnmount
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or rightward by the operation of the focus fine adjust circuit
99.
This operation will be described more specifically. It
) is assumed here that the PD 81 has been located at a certain
position on the optical base. The differential amplifier 103a
produces a positive or negative voltage difference (error
signal) based on the difference between the voltages derived
from the aforesaid two output terminals. A positive sign of
the voltage difference means that the beam spot of the focusing
laser light is located within the detection region of the right
photo-diode of the PD 81, i.e., a position such as f, or f, shown
in Fig. 3. In such a case, the focus servo circuit 103 performs

such a control as to move the recording lens 77a up or down by



~ ~ APR 2052 31 displacenent anount detecting means coinci des with{s2i APR 2002
Teference di splacenent anmount. 3. A nethod for exposing a resist naster
disk to a recording laser light through a recording | ens which has been set
at an optinmum focusing position, the nethod including the steps of: (a)
‘applying a focusing laser light to said resist master disk; (b) receiving
refl ected focusing laser light at a displaceable |aser |ight detecting
means whi ch produces a detection signal indicative of the anmount of
deviation, froma predetermned |ight receiving position, of the |ight
receiving position where the reflected focusing |laser light is received;
(c) in response to said detection signal20attonatically adjusting the
relative position of said recording lens with respect to said resist master
disk in such a manner as to elimnate said deviation, thereby setting the
recording lens at the optinmumfocusing position; (d) detecting the anount
of di spl acete@moymtsgfgsewerzl (HMyhthyeughtthg) opexiad-ione L i 7{he
output froma displacenent ampynt ' detecting, neans into numerical val ues;
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detecting neans such that the detection output from sal
the detection region of the left photo-diode of the PD 81, i.e.,

-a position such as f;, or f, shown in Fig. 3. In this case also,
the focus servo circuit 103 performs such a control as to move
the recording lens 77a up or down, through the operation of the
VCM 77b, thereby bringing the beam spot to, for example, the
position f, shown in Fig. 3.

As a consequence, the position of the recording lens 77a
is automatically controlled such that the beam spot of the
focusing laser light is located on the central position f, on
the PD 81, even when the beam spot has been offset to a position
such as £,, £,, f, or £, as a result of setting of the PD 81 at
a position after a minute movement of the same from the
aforementioned certain position.

It is assumed, by way of example, that the head 77 has
been set to a position as shown in Fig. 5 by the operation of
the head slider control circuit 101, while the PD 81 has been
set such that its center is located at a position S' shown in
Fig. 5. It is also assumed that the position of the exposure

surface of the resist master disk has been shifted to a position



di spl acenent anount detecting neans coincides with said reference m\% APR 2002
‘di spl acenent anobunt. 5. A nethod as clained in claim3 on claim4, erern
the steps (a), (b) and (c) are perfornmed while said resist master disk is
not rotating. 6. A nmethod as clained in any one of clains 3 to 5, wherein
‘during said adjusting of the relative position of said recording |ens
periodi ¢ checks are conducted to determ ne whether or not said recording

| ens has reached said optinum focusing position. 7. A method as clained in
claim6, wherein said periodic checks are conducted by meking reference to
an error signal derived froma differential anplifier. 8 A nethod as
clainmed in any one of clains 3 to 7, whelei-n after the recording lens is at
t he opti mum focusing position a fine novenent focus adjustnment takes place
by fine novenent of the recording |lens, the fine novenent being both

| aterally and vertically. 9. A nethod as clainmed in any one of clains 3 to
8, wherei ningdnated hynklik slue, fouwavihag et dihspirepdgt nastep qisk tldy are
conpared with data relating to a predicted optinmum focusing position. 10. A
net hod as Whifhets inetatdng.o, InMICh A ¢3se hdheuheancH O\fatgeéqgwrwed
coincide with the data relating o the predicted optjnum focusj.ng position,
the predi clagebpts mehkeshrd by BB?i?i‘B‘PIg‘H’é? éqrgace@l?hmlg%ﬁﬁﬁs ' ~12

APR 200z 33 hel d gs. bei ng, the ta_for. the optinmumpqgsition and is ysed as
'he data {BY Thandnig aatied fo HPepDrt ot (Rhon BY<d mugerals. A

rehod 25 £h BRI EIE B, IS Be ol ARy G XabusR V0 o
posjLion, Liguer 78 Gterl g RAC Y 18 BRSNS UgLa, | o Uodar e by bel

any one of clai Mg3¢hPs thseilehe Utifhid 8ePUOYIGRUAL! £63 PerfRThela ¢ink. 13. A
resi st master di sk when produced by the nethod of any One of clains 3 to
11. adjustment such that the recording lens 7a is moved away from
the resist master disk 110, on condition that the position of
the PD 81 is reset such that its center is located at the position
indicated by S. Consequently, the position of the exposure
surface of the resist relative to the recording lens 77a is
changed from the position 110b to a position indicated by 110a.

As a result, the beam 70 of the focusing laser light is reflected

by the exposure surface denoted by 80 and impinges upon the PD

81, whereby the cutting is performed by the recording laser light

78 which is in the "just focus" state, i.e., with the recording
lens 77a located at the optimum focusing position. The
potentiometer 87 detects the amount of the displacement of the

PD 81 from the position where the center of the PD 81 is located

at the position S' to the position where the center of the PD

81 is located at the position S. According to a major feature

of this embodiment, the displacement amount detected by the

potentiometer 87 is displayed in the form of digital data.

Obviously, there may be a type of resist master disk with



14. A disk replicated froma resist master disk having been produced by the
nmet hod of any one of claims 3 to 11. 15. A resist master disk as |91 2ixmd 2062
claim 13, when used to create -~ a disk by replication. 16. A resist naster
di sk having a plurality of bits, each bit having a depth and a wdth, there
being a rel ationshi p between the depth and the width; the relationship

bei ng substantially constant for the plurality of bits. 17. A disk having a
plurality of bits, each bit having a depth and a width, there being a

rel ati onship between the depth and the width; the relationship being
substantially constant for the plurality of bits. REPEACEI VI ENT SHEETS 12
APR 2~ 34 18. A disk when created by ref3 cation of a resist master disk as

clained in claiml!l3 on claim16.
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is located at the position J.ndlcated by 110b.

A description will now be given of the focusing process
for initially setting-the optimum focusing position of the
recording lens 77a, with reference to the flowchart shown in

j Fig. 4.

The process which will now be described uses focus
position data which are deemed to be optimum focusing position
data which have been acquired through a manual operation
executed by a skilled operator. (Such focus position data will
be referred to as "predicted optimum focusing position data".)

At the beginning of the focusing process, the operator
locates the PD 81 at a predetermined position on the optical
base. Then, the focusing laser 73 is started, while the resist
master disk 110 is kept not rotating. Then, driving

) instructions are given to the head slider control circuit 101
which in turn controls the head slider 75 so as to lower the
head 77 (Step S121). During this operation, the head slider
control circuit 101 periodically and cyclically checks whether
or not the head has reached a predetermined optimum position,
by making reference to an error signal derived from, for example,
the differential amplifier 103a (Step S122).

When the result of the periodical check shows that the
head 77 is still above the optimum position (Step S123), the

downward movement of the head 77 is continued (Step S121),
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disk 110 that the above-mentioned optimum position of the head
77 cannot locate the recording lens 77a at the optimum focusing
) position. Theoperator thensets, through the operatingportion
of the focus fine adjust circuit 99, an amount of fine movement
of PD which corresponds to the aforesaid predicted optimum
focusing position data, so that the focus fine adjust circuit
99 finely drives the PD 81 to the left or right (Step S127).
The difference between the voltage signals derived from the
two output terminals of the PD 81 varies partly because of a
waving of the disk surface due to rotation of the disk 110 and
partly because of the above-described fine movement of the PD

81. 1In order to compensate for this variation, the focus servo
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circuit 103 causes the recording lens 77a to move up or down
by an amount of several um, so as to reduce the voltage difference
to 0 (zero). It is possible that the relative position of the
recording lens -77a in the head 77, .as. obtained after the
above-described adjustment for reducing the voltage difference
X “) to 0, is the optimum focusing position under rotation of the
resist master disk 110. The operator then compares the
numerical information displayed on the digital display unit 93
with the above-mentioned predicted optimum focusing position
data (Step S128). If the displayed numerical information
coincides with the predicted optimum focusing position data,
the predicted optimum focus data is held as being the optimum
focusing data (Step S129) and is used as the data for initial
setting of the optimum focusing position (Step S130).
Conversely, if the comparison conducted in Step S128 has
proved that the displayed numerical data does not coincide with
the predicted optimum focusing position data, the predicted
optimum focusing position data is updated by being substituted
by the displayed numerical information (Step S131). The process
then proceeds to Step S130.
By repeating several times the operation of the steps
S$121 to S131, it is possible to acquire optimum focusing position
data for each of different types of resist master disk.
Thus, in the described embodiment of the invention,

optimum focusing position data corresponding to the type of the
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resist master disk 110 to be processed is selected prior to. the
exposure of the resist master disk 110, and the optimum focusing
position of the recording lens 77a is initially set based on
the selected optimum focusing position data, whereby the
variation of shapes of the bits or grooves formed in the
q ) replicated disk can be reduced as compared with the known arts.

A description will now be given of the result of a
comparison between the variation of the relationship between
the depth and width of the bits (or grooves) formed in a disk
replicated from the resist master disk prepared in accordance
with the described embodiment and the variation of the
relationship between the depth and width of the bits (or grooves)
formed in another disk replicated from a resist master disk
prepared in accordance with a known technique.

Fig. 6 shows the variation of the relationship between

€) the depth and width of the bits (or grooves) formed in a disk

replicated from the resist master disk 110 prepared in
accordance with the described embodiment, while Fig. 7 shows
the variation of the relationship between the depth and width
of the bits (or grooves) formed in a disk replicated from the
resist master disk prepared in accordance with the known
technique.

In each of Figs. 6 and 7, axis of ordinate represents
the width, while abscissa represents the depth, of the bits (or

grooves). A certain relationship exists between the depth an
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width of bits (or grooves): namely, the greater the depth, the
greater the width. This constant relationship is maintained
only when the fluctuation of the focusing position of the

recording lens 77a is small. .Thus, the relationship is varied
when the focusing position of the recording lens 77a fluctuates.

Fig. 6 shows the variation of the relationship obtained
in a case where the fluctuation of the focusing position of the
recording lens 77a is small, while Fig. 7 shows the variation
observed when the fluctuation of the focusing position of the
recording lens 77a is significant. A comparison between the data
shown in Fig. 6 and those shown in Fig. 7 clearly demonstrates
that the variation of the relationship between the depth and
width of the bits (grooves) is smaller in the disk replicated
from the resist master disk 110 prepared in accordance with the
embodiment than in the disk replicated from the master disk
prepared in accordance with the known technique.

Fig. 8 is a block diagram showing the whole structure
of a recording apparatus in accordance with a second embodiment
of the present invention.

As will be seen from this Figure, the recording apparatus
of the second embodiment differs from the recording apparatus
of the first embodiment in that the former has an optimum focusing
position confirming circuit 105 and a manually operable switch
107 which are connected between the output of the amplifier 89

and the input of the focus servo circuit 103.

e
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Other features of the second embodiment are the same as
or similar to those of the first embodiment and, therefore, are
not described to avoid duplication of explanation.

The optimum focusing position confirming circuit 105 has
a function substantially equivalent to the operating portion

) of the focus fine adjust circuit 99 employed in the first
embodiment, and is used in the operation for the initial setting
of the optimum focusing position. The optimum focusing position
confirming circuit 105 has, as shown in Fig. 9, a differential
amplifier 105a, a reference voltage setting circuit 105c
connected to the inversion input terminal of the differential
amplifier 105a, and an amplifier 105b having a buffering
function.

A variable resistance circuit capable of dividing a
voltage into desired voltages is used as the reference voltage
setting circuit 105c. More specifically, the reference voltage
setting circuit 105c has a slider which is operable by the
operator, thus enabling the operator to set a reference voltage
corresponding to the amount of fine movement of the PD 81
indicative of the predicted optimum focusing position data.

The differential amplifier 105a computes the difference
between the output signal derived from the amplifier 89 and the
reference voltage applied by the reference voltage setting
circuit 105c, and produces a voltage signal (error signal)

corresponding to the voltage difference. The error signal is
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delivered to the focus fine adjust circuit 99 only when the switch
107 has been closed. The focus fine adjust circuit 99, upon
receipt of the error signal. controls the motor 95 through the
operation of the motor drive circuit 97, thus effecting a fine
movement of the PD 81 to the left or right.

‘) The switch 107 is manually closed by the operator only
when the initial setting of the optimum focusing position is
conducted by means of the optimum focusing position confirming
circuit 105. This switch 107, therefore, is opened once the
initial setting of the optimum focusing position is completed.

Fig. 10 is a flowchart showing the focusing process
conducted for the purpose of initial setting of the optimum
focusing position of the recording lens 77a in the recording
apparatus of the second embodiment. This process is
discriminated from the process of Fig. 4 only by the operation

) performed in Step S127 and the operation performed in Step S123,
as will readily be seen from the comparison between the flow
charts of Figs. 4 and 10.

More specifically, referring to Fig. 10, the focus servo
circuit 103 is started (Step S126) and then a reference voltage
corresponding to the predicted optimum focusing position data
is set by the reference voltage setting circuit 105c (Step S132)
while the switch 107 is kept open. Then, the switch 107 isclosed,
so that the motor 95 is controlled in accordance with the signal

which indicates the difference between the output signal from
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several ™~ um perfgfﬁédvby the focus servo circuit 103, as well
as the checking executed by the operator as to whether the optimum
focusing position has been reached.

The apparatus of the second embodiment offers
substantially the same advantages as those of the apparatus of
the first embodiment.

Although the invention has been described through
illustration of specific embodiments, it will be understood that
the described embodiments are not intended to limit the scope
of the present invention.

As has been described, the present invention provides
a recording apparatus which permits easy initial setting of the
optimum focusing position suitable for the type of the resist
master disk to be processed, by virtue of the feature that the
data indicative of the optimum focusing position of the

recording lens are handled in the form of numerical values.

Industrial applicability:
The recording apparatus of the present invention can

suitably be used as a laser cutting machine.
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master disk during initial setting of the dptimum focusing position,

and for producing a detection signal indicative of the amount of
deviation, from a predetermined light receiving position, of the light
) receiving position where the reflected focusing laser light is received;

servo means responsive to said detection signal so as to
automatically adjust the relative position of said recording lens with
respect to said resist master disk in such a manner as to eliminate
said deviation, thereby setting the recording lens at the optimum
focusing position;

displacement amount detecting means for detecting the amount
of displacement of said laser light detecting means; and

display means for changing the output from said displacement
amount detecting means into numerical values and displaying the

numerical values.

2. A recording apparatus according to Claim 1, further comprising:
reference displacement amount setting means in which a
reference displacement amount has been set in terms of the amount
of the displacement required to obtain coincidence between said light
receiving position at which the focusing laser light is received and said
reference light receiving position under such a condition that said
recording lens has been set at the optimum focusing position; and
automatic displacement amount adjusting means for
automatically adjusting the displacement amount of said laser light

detecting means such that the detection output from said
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(a) applying a focusing laser light to said resist master disk;

(b) receiving reflected focusing laser light at a displaceable
laser light detecting means which produces a detection signal
indicative of the amount of deviation, from a predetermined light

() receiving position, of the light receiving position where the reflected
focusing laser light is received;

(c) in response to said detection signal, automatically
adjusting the relative position of said recording lens with respect to
said resist master disk in such a manner as to eliminate said
deviation, thereby setting the recording lens at the optimum focusing
position;

(d) detecting the amount of displacement of said laser light
detecting means;

(¢) changing the output from a displacement amount
detecting means into numerical values; and

) (H displaying the numerical values

4. A method as claimed in claim 3, including the additional steps
of:

(a)  setting a reference displacement amount in terms if the
amount of displacement required to obtain coincidence between said
light receiving portion at which the focusing laser light is received and
said reference light receiving portion under such a condition that said

¢ ' recording lens has been set at the optimum focusing position; and
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rotating.

6. A method as claimed in any one of claims 3 to 5, wherein during
j said adjusting of the relative position of said recording lens periodic
checks are conducted to determine whether or not said recording lens

has reached said optimum focusing position.

7. A method as claimed in claim 6, wherein said periodic checks

are conducted by making reference to an error signal derived from a

differential amplifier.

8. A method as claimed in any one of claims 3 to 7, wherein after
the recording lens is at the optimum focusing position a fine
movement focus adjustment takes place by fine movement of the

) recording lens, the fine movement being both laterally and vertically.

9. A method as claimed in any one of claims 3 to 8, wherein upon
the numerical values being displayed in step (f) they are compared

with data relating to a predicted optimum focusing position.

10. A method as claimed in claim 9, wherein if the numerical values
displayed coincide with the data relating to the predicted optimum

focusing position, the predicted optimum focusing position data is
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optimum focusing position, the predicted optimum focusmg position

data is updated by being substituted by the numerical values

displayed.

O 12. A method as claimed in any one of claims 3 to 11, when used to

produce a resist master disk.

13. A resist master disk when produced by the method of any one of

claims 3to 11.

14. A disk replicated from a resist master disk having been

produced by the method of any one of claims 3 to 11.

15. A resist master disk as claimed in claim 13, when used to create

a disk by replication.

o

16. A resist master disk having a plurality of bits, each bit having a
depth and a width, there being a relationship between the depth and
the width; the relationship being substantially constant for the

pluraiity of bits.

17. A disk having a plurality of bits, each bit having a depth and a
width, there being a relationship between the depth and the width; the

relationship being substantially constant for the plurality of bits.
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18. A disk when created by replication of a resist master disk as

claimed in claim 13 on claim 16.



