|  DESCRI PTI ON PRODUCTI ON METHOD AND PRODUCTI ON APPARATUS OF DI SC TECHNI CAL
FIELD 5 The present invention relates to a production nethod and a
production apparatus of a disc for formng a coating or a filmin a desired
t hi ckness on various disc substrates. BACKGROUND ART 10 In general, a
spin-coating nethod is applied for formng a coating or a film such as a
recording |ayer, protection layer and thg |like on a disc substrate. In
accordance with this spin-coating nethod, the disc substrate is spun at a
certain rate of spin, a coating nmapegCRIPTIONUPP!ied on the disc in a
spiral formby discharging liquid of the coating naterial froma nozzle
allong with movi "ﬂ{ bUTHbN N8 AXEF PRO Bi}ﬁ‘h@‘ﬁ%#g (fﬂfs e on the

di sc substrate, the coating layer Is generate y sprea ng the coating
mat eri al using centrlfugal force For exanple, a material of the coating

| ayer applied to forma recording layer is made froma solvent and a
coloring material and the coatlng | a |s formed by drying the solvent. In
this case, the recording |ayer s TEEAIMCALFELRS| de” t o outside of the disc
as 20 the recording layer is spread by spinning. In general, such drying is
i nconpl ét e and t (T3 prescwt inventibn glsesaviarpmodictiommethad pad 8 praductiont he sol vent
in the recording |ayer, however, the solvent is renoved or dried aInDst
conpl etel y igparatdsQifla@idcrior ﬂhﬁin@& coh®ih orl d filghinwl désirdithithhéd oh hafiousdigei ng" i n
this document nmeans drying in a spin-coating process. As described above,

the recordigg ﬁg is formed by spreading the coating 25 material from

I nside to outS| e of the disc substrate by spinning. In this process, by 2

BACKGROUND ART
10 In general, a spin-coating method is applied for forming a coating or a film
such as a recording layer, protection layer and the like on a disc substrate. In
accordance with this spin-coating method, the disc substrate is spun at a certain rate of
spin, a coating material is supplied on the disc in a spiral form by discharging liquid of
the coating material from a nozzle along with moving or shifting the nozzle from outside
15  to inside on the disc substrate, and the coating layer is generated by spreading the coating
material using centrifugal force,

For example, a material of the coating layer applied to form a recording layer is
made from a solvent and a coloring material and the coating layer is formed by drying
the solvent, In this case, the recording layer is dried from inside to outside of the disc as

20  the recording layer is spread by spinning. In general, such drying is incomplete and
there are still approximately a few percent of the solvent in the recording layer, however,
the solvent is removed or dried almost completely in a following drying step. It should
be noted that “drying” in this document means drying in a spin-coating process.

As described above, the recording layer is formed by spreading the coating

25  material from inside to outside of the disc substrate by spinning. In this process, by



mai ntaining the rate of spin at a certain |level, a tendency is observed that
the thickness of the coating or the film beconmes |arger fromthe inside
toward the outside. In order to correct or adjust the thickness of the
coating and to formthe coating on the whole surface of the disc substrate
evenly, various spin patterns have been 5 invented or proposed. For exanpl e,
a spin pattern in which a rate of spin if gradually increased in accordance
with a certain slope or pace froma certain slow and initial speed; a spin
pattern in mﬁhﬁhmg 8 At bPspil hi W éen@inIPRa Ch fefidenBy [Nlobséros dbi Bk dasla@dsalfl ¥
increasing the rate of spin in accordance with a certain slope or pace from
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i ncreased or - decr Based I Nn A Certal sFope or pace (see Japanese Pat ent
Application, First Publicatign Ng. 06- 00491 ;. Or a Si attern.in

Ghch a rate of of FrARLeioRipa R sy i Hiekoes b HeisoRlngdanillo RoBE o ShAin ¢ 1,
certain region of a curve of a second order (see Japanese Patent

Appl i cat i oren the maplesurfaceofithedisqgbstrate) oyrniy xarions spinpattempbavsi ER t o real i ze
a spin pattern by applying a spin programincluding a 15 relationship

bet ween 5c hangargedodr proposedii dionesamplé, & spin paticoridiwhgcH asater ofpih is igeaduallye of spin
of the disc substrate cal cul ated beforehand from various results of

measur ementiacreadsd e ¥R brdantd With £ 58641 slbpe 6 pacédromrasénsin stow anbidiidl sseedpecause
of control factors which are greatly difficult to be included in the spin
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difficult to produce optical discs of the sane or alnost the sane quality.
25 I n tie pisteotapancse PatprtApplicitionohisdt Publicatinm NgeH06-004218); ¢ vepin patemiter t o
correct of which a rate of spin is increased with respect to time in accordance with a certain region
of a curve of a second order (see Japanese Patent Application, First Publication No.
2000-285533).
It is possible to realize 2 spin pattern by applying a spin program including a
15  relationship between changes of the thickness of the recording layer and the rate of spin
of the disc substrate calculated beforehand from various results of measurements.
However, with respect to a real production apparatus, because of control factors which
are greatly difficult to be included in the spin program such as a production environment
(temperature and/or humidity), a state of the disc substrate (its temperature and/or water
20  absorption degree), a condition of forming the disc substrate and the like, the thickness of
the recording layer of the disc substrate differs. Therefore, the quality of optical discs
differs even when the same spin program is applied for forming the recording layer of the
disc substrate, and it is difficult to produce optical discs of the same or almost the same
quality.

25 In the prior art, when such condition changes are detected, in order to correct or



3 adjust the differences or unevenness of the thickness of the recording

| ayer, the required time for finishing formng of the recording | ayer

formed in accordance with the steps above is calculated, a speed of drying

the recording layer is calculated, and the spin programis changed based on

the data of the speed of drying and data of neasuring the 5 recording

| ayer. However, there is a problemsuch . that, in order to correct or adjust

the thickness of the recording |ayer, £he conditions of the producti on
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temperature and the water absorption degree of the disc substrate should be maintained,

10  if not so, a position where the thickness differs moves even after correcting or adjusting
the thickness.

Moreover, when the spin program is changed, it takes a long time for changing
because of the need to obtain various data again and the like, therefore, there is a problem
such that good or poor quality of the spin program depends on the skills of an operator.

15
DISCLOSURE OF INVENTION

The present invention has an object such that the rate of spin of the disc
substrate is changed based on a measured result of drying of the coating when the coating
is formed on the disc substrate in accordance with the spin-coating method, and the

20  coating is maintained in a range of a predetermined thickness even when the conditions
of forming the coating are changed.

A disc production method of the present invention includes: a step of forming a
coating on a disc substrate by drying the coating after coating a coating material while
the disc substrate is spinning; a step of detecting moving of a boundary between a dried

25  area and a wet area on the coating that is spinning; a step of measuring a distribution of a



25 area and a wet area on the coating that is spinning; a step of measuring
a distribution of a 4 coating thickness after drying; and a step of
controlling a spinning speed of the disc substrate based on a relationship
bet ween the noving of the boundary which is detected and the distribution
of the coating thickness. In accordance with the invention above, by
controlling the spinning speed of 5 the glisc substrate based on the

rel ati onshi p between the noving of the boundary which is detected and the

di stributi ogbafihg tHi€kneaiflen Gryind S4E8Ep of dontrBlling aSpinhinglsPedticifuld dikdie coating
t hi ckness at positions along the radius of the disc substrate, therefore,
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present inventjon j ot Lim n optical disc, 10 and all discs are

i ncluded in cth%glskﬁ’uﬁ %0%‘;‘%5‘%%@3&@?@}???-% I f they have the coating forned
by coating the coatin terial. an a circul di sc substrate and by_dryi ng.
It is appropriate ﬁ‘é"?’,"&?‘ﬁe ﬂ?t‘@be%‘fmégﬁ“égéx ?@trpH@gﬁﬁwwm sﬁeﬁgof)oundary
between the dried area and the wet area on the coating, drying time of the
coat i ng e thadisc substratetbasedoonche radationship beiweeiyths snoving ef theyboundarydvhich isn t he
di sc substrate. It is 15 appropriate that, in the step of controlling the
spi nni ng s pdstettatifandhke dissibutetbsftthateating tdckapssniiingpssiblad abfmstoahaogtidg when t he
drying time of the disc substrate corresponding to the neasuring points

after 'start {in&RiabPésittbns l&ﬁzn? HRCradiMPaf the URc PARESRS; thBefGERhy tdinguch a

structure, It is easy to confrol because it requires only the detection of
condi ti ons ' ) Iy WOt S '
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the dried ea t he, wet ~area.on the coating inclyde: a step. of, detecting
drying stat s‘Eﬂuﬁg‘hB&‘%ﬁﬁ%dﬁ’f my IPB‘?SSt‘Pti“PXPnt“ 1o fimuted 1o 0.0 4%om i nsi de
to outside; a step of neasuring the coating thickness; and a step of

det ect i Hy tand ablldlises agq ipelydedqa seepeiof shepreseat inMentiop af they;have the coating

formed by coating the coating material on a circular disc substrate and by drying.

It is appropriate that, in the step of detecting the moving of the boundary
between the dried area and the wet area on the coating, drying time of the coating be
measured at two or more measuring points along a radius on the disc substrate, Itis

15  appropriate that, in the step of controlling the spinning speed of the disc substrate, the
spinning speed be changed when the drying time of the disc substrate corresponding to
the measuring points after starting spinning the disc substrate passes. By applying such
a structure, it is easy to control because it requires only the detection of conditions of
drying at the predetermined measuring points.

20 It is appropriate that the step of detecting the moving of the boundary between
the dried area and the wet area on the coating include: a step of detecting drying state of
the coating at a plurality of points one by one from inside to outside; a step of measuring
the coating thickness; and a step of detecting the point along the radius where the coaling
thickness of the coating is out of a predetermined range. It is appropriate that, in the

25  step of controlling the spinning speed of the disc substrate, the spinning speed of the disc



t hi ckness of the coating is out of a predeterm ned range. It is appropriate
that, in the 25 step of controlling the spinning speed of the disc
substrate, the spinning speed of the disc 5 substrate be changed when the
boundary between the dried area and the wet area on the coating reaches the
poi nt along the radius where the coating thickness of the coating is out of
the predeterm ned range. It is appropriagse that, after changing the spinning
speed, the spinning speed be changed again when the coating thickness of

t he recor di apstraty Bé chamgedwher the hotitdanpbetdednahetriatareangitheget frea bi thes
appropriate that a drying detection step of detecting a state in which the
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a coating thickness neasuring step in which the Coating thickness of the
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range and cal cul atin ryi ti,me .of .the recording |ayer, at t.he position,
be. per f or ot SPARng Sheed e shilpded REaif ben heceopnec kassS bF e ording D ese
when the coating thickness reaches the upper or lower limt by controlling
so as to neutef epredeterainedirangetagpikness wit hin the predeternined range,
therefore, it is possible to mintain the coating thickness in the

predet er mi ned r andeisapprioprate ¢t a dryingdetéotion step o€ detedtinga statemewhicke theondi ti on
changes or the |ike upon producing the disc substrate. It is appropriate

that the copntér@irg 1Bger o driddgradually o6 the Bl R8goRahehaddPYdgecHosWingg a Spi n
program In this case, I's possible to select a nost preferable spin

It
pat tern 11 O JRRY Rl LA hid i Bhdiihe ShIORES: O thd REorRig IR, speed of t he

disc substrate are set d, | It 1's possibl'e to realize a
Phat. i n ¢ el Stk doRgoRa PG 3RGF T an miskpos S BRRRERENE . "o e
area anfjo t hleayg\re xg ox?troei\'?heogre}lert]grm%?e triat?g%’ anh lecttglgtlirrl]gdgr;%/ngt)tﬁng gtt tﬁg Ee%gr l¥g lgg?eirng
at the position, be performed. In this case, it is possible to change the spinning speed
when the coating thickness reaches the upper or lower limit by controlling so as to
maintain the coating thickness within the predetermined range, therefore, it is possible to
maintain the coating thickness in the predetermined range of the coating thickness even if
15  there are condition changes or the like upon producing the disc substrate.
It is appropriate that the controlling of the spinning speed be operated by
changing a spin program. In this case, it is possible to select a most preferable spin
pattern from many spin patterns in which slopes of the spinning speed of the disc
substrate arc set beforehand, therefore, it is possible to realize a predetermined slope of
20  the spinning speed easily.
It is appropriate that, in the step of detecting the moving of the boundary
between the dried area and the wet area on the coating, the boundary be detected by using
at least one of reflectance and transmittance of the coating against the light. It should

be noted that the scope of the present invention is not limited by this constitution and it is

25  possible that drying be detected by detecting other physical characteristics (for example,



at | east one of reflectance and transmttance of the coating against the
light. It should be noted that the scope of the present invention is not
limted by this constitution and it is 25 possible that drying be detected
by detecting other physical characteristics (for exanple, 6 changes of the
wei ght, changes of el ectrostatic capacitance, changes of electrical
conductivity, changes of transmttance o¢f reflectance of energy rays other
than light, or the like). It is appropriate that, both in the step of

detecting tQnpRVdfiEke Qf:lgh@@hﬁ@bﬂﬁ%‘lééuoﬁathﬁ‘éabﬁ‘&ﬁnéé1%h:ﬂ{gl:@&' Aéricafnd the wet
area on the coating and in the step of neasuring the distribution of the

coati ng th| f r gr and
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of the disc bitrate be operated on a n+ta-th (nis a flxed i nteger and is
1 or nore) H‘Fj@ ubstrate. In this case by using data based on the disc
substrate on which the operation is ni shed 10 spinning of the a-th disc
substrate after tHals aﬂP’é’E"%‘GE‘%rQ&’ﬂb"‘l ﬂ%}b?fede&stms Hsreevingof the boundary ¢t ur e
of the apparatus is sinplified. It is appropriate to adjust the value of "a"
based on t betwetmthe deidverea andthe et area bn therooating artdeind:lw&mg’ meaduringthet ep of
nmeasuring the distribution of the coating thickness. IS appropriate that
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coating thickness of a certain nunber (for exanple, n, : n+m (m
is a fixed I Rf‘@ i t di sc
substrat es, an& @?du%bgt?dg&gg eS| 5‘@8850“2 Jsé % 5 %ggf% ‘ﬁ% of the
di sc substrate e rta n exa teger and
is larger t ﬁ"%‘f&’eﬁﬁerﬁﬁ ﬁﬁat"ﬁgﬂé dié(\(:%g}tgcr "gj)'sjp"’ﬁl'?ﬂ'??g‘{ truct ure,
in a case of having, traouble 21%’gthe oatln w th ect tp 20 onI
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control. It is appropriate that the step of detecting noving of the boundary
bet weenlﬁ hespinning of the a-th disc substrate afier that disc substrate is operated, therefore, the

structure of the apparatus is simplified. It is appropriate to adjust the value of “a” based
on time [ag between the step of forming the coating and the step of measuring the
distribution of the coating thickness.

It is appropriate that an average be calculated from stored results of

15  distributions of the coating thickness of a certain number (for example, n, n+1, n+2, ...
n+m (m is a fixed number and is equal to or larger than 1)) of continuing disc substrates,
and a structure be designed so as to control spinning of the disc substrate after a certain
number (for example, ntr (v is a integer and is larger than m)) by using the average data.
By applying such a structure, in a case of having trouble with the coating with respect to

20  only a certain disc substrate, it is possible to minimize the influence on the control.

It is appropriate that the step of detecting moving of the boundary between the
dried area and the wet area on the coating, the step of measuring the distribution of the
coating thickness after drying and the step of controlling the spinning speed of the disc
substrate be operated on the same disc substrate. In this case, measuring and controlling

25  of spinning are operated on the same disc substrate, therefore, it is possible o react or



dried area and the wet area on the coating, the step of neasuring the
distribution of the coating thickness after drying and the step of
controlling the spinning speed of the disc substrate be operated on the
same disc substrate. In this case, measuring and controlling 25 of spinning
are operated on the sanme disc substrate, therefore, it is possible to react
or 7 respond to a quick changes of situptions A disc production apparatus
of the present invention includes: a spinning nechanismwhich spins a disc

substrate; RspMdltd AguitkehaRessf siiiidhscoats a coating material on the disc
substrate; a drying detection nechani sm which detects noving of a 5 boundary

between a dried aggs d&d&ﬁfﬁgﬁgﬁ? gﬂ}m\%\g&s&ﬁ%\kﬁﬂmﬂﬂ&ﬂuﬁgﬁ: gteéaim#n g, a

coating thickness nmeasuring I ch neasures a ion of a
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movi ng of the houndary which is detected. and the distribution of the
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spi nni ng speed of the disc substrate based on the relationship between the
nmovi ng of tbrundeybabyeen aidried ates andje wet areelom the costingdlusing ispinpingna efating e

coating thickness, it is possible to adjust the coating thickness at

posi tions athivkgess neanaihgusechinisrh evhiklomedsufes b distrébutioh of & teatiag thitlmespat i ng
thickness that is finally obtained is maintained in a desired range of the
coating thi ﬁl%?@ﬁﬁn%;lxﬁdhkoﬂtﬁ)l ARLRANM WhRhicBAirols h@pihﬁﬁggbe%ﬁ oP Bt | on _
appar at us above,” the control nechanisminclude a sprn progranm ng nechani sm
i ncl udi ng | F\;(mli Ay | f | - s that
show char agﬁug’%? Pgésggég ween&g}blp r?%ﬁl%gtﬁfe n@o‘g%s%%%%%ﬁaﬁ Q‘Hg%g‘a%ﬁf"ﬁe di sc
substrate; and, the I N r ammi mechani sm when the spinning speed
needs to bé | %EE‘?‘T%R‘?BWﬁ F¥M85% 0at i ng, changes the spin pattern 20

after aoposition where the spinning speed needs, to be changed. .
1 In accordance with the apparatus, by controlling the spinning speed of the disc

substrate based on the relationship between the moving of the boundary which is
detected and the distribution of the coating thickness, it is possible to adjust the coating
thickness at positions along the radius of the disc substrate, therefore, the coating
thickness that is finally obtained is maintained in a desired range of the coating thickness.
15 It is appropriate that, in the disc production apparatus above, the control
mechanism include a spin programming mechanism including a spin program which
includes a plurality of spin patterns that show characteristics between spinning time and
spinning speed of the disc substrate; and the spin programming mechanism, when the
spinning speed needs to be changed during forming the coating, changes the spin pattern
20  after a position where the spinning speed needs to be changed.

It is appropriate that the spin mechanism include a mounting table for
mounting the disc substrate and a spin driving mechanism for pinning the mounting table
at a desired pinning speed.

It is appropriate that the coating thickness measuring mechanism include 2

25  detection mechanism which compares obtained coating thickness data with a



It is appropriate that the spin mechanisminclude a nounting table for
nmounting the disc substrate and a spin driving nmechanismfor pinning the
nounting table at a desired pinning speed. It is appropriate that the
coating thickness nmeasuring nmechanisminclude a 25 detection nmechani sm

whi ch conpares obtai ned coating thickness data with a 8 predeterm ned
coating thickness range and which outputg a check signal that indicates
whet her the coating thickness is inside the predeterm ned coating thickness

range al ongpradetérafihadscoafing thivkeess carpeRad Which cRtpuyid cliedie sighdl that illikeapr i at e
that the disc production apparatus include (i) a drying detection mechani sm
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that indicates whether the 10 coati r‘;&l thi ckness is inside the predeterm ned
coat i ng ¥ hi edeting frchangingthe spin patiernwhen afryinmigenl aad theisheqkpignabareout si de;
and (iv) a spin programm ng nmechani smincluding a spin program which

i ncl udes a pbeival, ()2 ahtispihicknedstnieamsririghnatchahiony wiich measards the comtilipt ween
spinning time and spinning speed of the disc substrate. It is appropriate

that the drm'idlt_ﬁeﬁah@sﬁfgma caaﬁigamhmsb@a@,r(iii)mwm&h detection apparatus, In
this case, it is possible to detect states of drying easily at any desired
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10  coating thickness is inside the predetermined coating thickness range along a radius of
the disc substrate or outside; and (iv) a spin programming mechanism including a spin
program which includes a plurality of spin patterns that show characteristics between
spinning time and spinning speed of the disc substrate.
It is appropriate that the drying detection mechanism be an image processing
15 apparatus. In this case, it is possible 1o detect states of drying easily at any desired
points.
It is appropriate that the drying detection mechanism include a coating drying
sensor including: both a light radiation mechanism which radiates light on the coating
while the light is irradiated; and a light receiving mechanism which receives light
20  reflected from the coating or light transmitted through the coating; and a drying judgment
mechanism which outputs a drying signal when the amount of light received by the light
receiving mechanism reaches a predetermined level. Thus, it is possible to reduce the
cost of the apparatus.

It is appropriate that the light radiation mechanism be a laser generation

25  mechanism which generates a laser beam, or a light emission diode. In this case, it is



20 reflected fromthe coating or light transmtted through the coating; and
a drying judgnent nechani smwhich outputs a drying signal when the anount
of light received by the |ight receiving nmechanismreaches a predeterm ned
| evel. Thus, it is possible to reduce the cost of the apparatus. It is
appropriate that the light radiation nmechanismbe a | aser generation 25
mechani sm whi ch generates a | aser beam ¢r a |light em ssion diode. In this
case, it is 9 possible to neasure drying of the coating thickness

accur at el y pagsibizito nehduee dryingaofitliséoating thickhedslaeairately hyfusirigghé trarsinisston
appropriate that the |light receiving nmechani smbe an i nage processing

appar at us igrehfikttios oflighgD canera or a CCD sensor in a strip shape set
between an 5 inside edge and an outside edge of the disc substrate. In this

case, it is possihl: 3 | DL | ately by
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the disc suﬂ?g?frﬂﬁ{sé‘.‘c“ébg%bﬁy ﬂ%ﬂeﬁl@ %&Qbmﬁ&'ﬁ%”‘ Wﬂé@ﬂpgﬁgt l{ehge PBduct i on
apparatus of .the disc, 10 even when various condjtions, are changed, it is
possi bl & t onfifle pdasiand an suiside edgroefthe,dise substrateo ¢ Inthisicaseqit by RAs8IPIeA ned range.
BRI EF DESCRI PTION OF THE DRAWNGS FIG | Ais a figure for explaining, in

t he pr oductmeasureairyiog stefes pfithedbatingaiccurately yusingthe mhagerprengsdingy, t he progress
of drying of a coating while operating spin-coating. FIG 113 is a figure
for explaining, iikisBsproprus it he liprtbeiviag riebinibnsbe 6e dragluaky it

I nvention, the progress of drying of a coating while operating spin-coating.

FIG1 Ci Snrt}loid'&ilﬂﬂ&a;ﬂﬁgm | NYalifs af‘ﬁeﬁ[ﬁ@sﬁ'&sﬁg&c" i on nethod of the disc of

the prese I nvention, the progress of ying of a coating while operating

spi n-coating. By applying the production method and the production apparatus of the disc,

10 even when various conditions are changed, it is possible to maintain the thickness of the

coating in a predetermined range.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A is a figure for explaining, in the production method of the disc of the
15  present invention, the progress of drying of a coating while operating spin-coating.
FIG 1B is a figure for explaining, in the production method of the disc of the
present invention, the progress of drying of a coating while operating spin-coating.
FIG. 1C is a figure for explaining, in the production method of the disc of the
present invention, the progress of drying of a coating while operating spin-coating,
20 FIG. 1D is a figure for explaining, in the production method of the disc of the
present invention, the progress of drying of a coating while operating spin-coating.
FIG. 1E is a figure for explaining, in the production method of the disc of the
present invention, the progress of drying of a coating while operating spin-coating.
FIG. 2 is a block diagram of a production apparatus of a disc, which is one

25 embodiment of the present invention.



20 FIGI| Dis a figure for explaining, in the production nmethod of the disc
of the present invention, the progress of drying of a coating while
operating spin-coating. FIGIE is a figure for explaining, in the
production nethod of the disc of the present invention, the progress of
drying of a coating while operating spin-coating. FIG 2 is a block diagram
of a production apparatus of a disc, whijgh is one 25 enbodi nent of the
present invention. 10 FIG 3A is a plane figure showi ng a boundary detection

nmechani smin sai dFlﬁrmoﬁiarmﬂ{e-ﬁgﬁi&ho%gaSbamamgs&&tes@&HneéhaﬂxfsmﬁhgaidBA along a
line I1IB-11IB. FIG3Cis a cross section of FIG 3A along a line

ITTCGHTTC Snbdd is a graph showi ng changes of the thickness of the
coating | ayer gﬁ(’)‘ﬁg'a radius of the disc. FIG5 is a graph showi ng changes

SLO\?\& F\gt ghgl;lgzgi gﬁ{“h}eﬂ]ﬁﬁ%isﬁéécgi%g%&ﬁ(i 3&%@%‘%&’%@?@‘ 61i)spgsig_{ ?825 al ong
o the t hi ckness BTG BgRes ReptPapFIG A s inediRefid The Gi'ec, BiG 67
a graph show ng changes of a rate of spin of the disc substrate with tine.
15 FIG 9P is a bl ofkGdt isgremephohowing chengss obthe sipleneas efgheocoatingliayer alopg &h i s
anot her enbodinent. FIG 10 is a cross-section show ng an exanple of a
drying det exaliugof theiseani sm
FIG 5 is a graph showing changes of a rate of spin of the disc substrate with
time.
FIG. 6 is a graph showing changes of the thickness of the coating layer at
10  positions along a radius of the disc in another embodiment.
FIG 7 is a graph showing changes of the thickness of the coating layer along a
radius of the disc.
FIG 8 is a graph showing changes of a rate of spin of the disc substrate with
time.
15 FIG. 9 is a block diagram of a production apparatus of a disc, which is another
embodiment.
FIG 10 is a cross-section showing an example of a drying detection
mechanism.
FIG. 11 is a cross-section showing another example of a drying detection
20 mechanism.
FIG 12 is a cross-section showing another example of a drying detection
mechanism.
FIG 13 is a block diagram of a production apparatus of a disc in another

embodiment.

25 FIG 14 is a cross-section showing another example of a drying detection



FIG 11 is a cross-section show ng anot her exanple of a drying detection 20
mechanism FIG 12 is a cross-section showi ng anot her exanple of a drying
detection mechanism FIG 13 is a block diagram of a production apparatus of
a disc in another enbodinent. 25 FIG 14 is a cross-section show ng anot her
exanpl e of a drying detection 11 nechanismin other enbodinent. FIG 15 is a
cross-section show ng anot her exanpl e ofj;a drying detection mechanismin

ot her embodi nent. 5 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Herei nafter, a

best node f geclaaisin/indthed dinbbdigheRf. €sent invention is explained. It should be
noted that the present invention is not Iimted by each enbodi nent bel ow,

and _any enbodi e, o6 QY. shaiEh SRR ahdifier 5 ioRira ARfing BevkdifonC! af s For

exanple, it is acceptable to co ment s ow 'l accorgance W th

requi renents _agr needs. 1 nd it is acceptable to conbi ne each enbodi nent
with other g'tc?ql??lsﬂ}'gs"ﬂ\‘/\efﬁlgg’ﬁ‘@wmal ready publicly disclosed. A first

enbodi nent The present invention uses the know edge such that a coating
formed in accordance with the spin-coating nmethod is dried frominside to
outside while spinning 15 and the know edge that the coating dried in a
spinning step is not BESFMEODEFOR CARR OLFETHE INVENFIONi nni ng and t he
t hi ckness of the coating is not changed. An exanple in which a coating (a
recording |ayer i rHéréingfieexelbest mbdefor Sarfyifigst thopresentinventionlis expliified) iIN

accordance with the spin-coating nethod is explained in
should be noted that the present invention is not limited by each embodiment below, and
any embodiments are only limited by the descriptions in the claims. For example, it is
acceptable to combine embodiments below in accordance with requirements or needs,
10 and it is acceptable to combine each embodiment with other structures which are already
publicly disclosed.
A first embodiment

The present invention uses the knowledge such that a coating formed in

accordance with the spin-coating method is dried from inside to outside while spinning
15 and the knowledge that the coating dried in a spinning step is not moved even by a
centrifugal force of spinning and the thickness of the coating is not changed.

An example in which a coating (a recording layer in this example) 2 is formed
on a disc substrate D in accordance with the spin-coating method is explained in
reference to FIG 1A-1E. As shown in FIG 1A, on the disc substrate D spinning ata

20  certain speed, a nozzle N which is set above the disc substrate D and which moves in a
direction from outside to inside of the disc substrate D supplies liquid of a coating
material, therefore, a coating material w is supplied from outside to inside in a spiral state.
The liquid of a recording material is generally used and is made from a solvent, an

organic coloring matter dissolved in the solvent and the like.

25 When the nozzle N reaches the inside edge of the disc substrate D after moving



reference to FIGIA-1E. As shown in FIGIA, on the disc substrate D spinning
at a 20 certain speed, a nozzle N which is set above the disc substrate D
and which noves in a direction fromoutside to inside of the disc substrate
D supplies liquid of a coating material, therefore, a coating material wis
supplied fromoutside to inside in a spiral state. The liquid of a
recording material is generally used anqzis made froma solvent, an organic
coloring matter dissolved in the solvent“and the |ike. 25 Wen the nozzle N

reaches t heniatfiled@orCsfan affow the ndiAe wmtsﬁﬂﬂﬂngﬁﬁf&eﬁnma&ﬂm wandin a

direction of an arrow, the nozzle N stops supplying the coating material w

rectic | th 2
ot ner " hana. PR 6 aBshibh ARCHIRE fodol O RAC 8oy SEE 0K Bl Xedlne & £ 121

which is graduallw.increased,in ccordance with .a certai.n sl ope or pace.
Therefore, sﬂ‘ﬂé”&%éﬂ? f@‘“ﬁg?gﬁhﬂ’c‘? n tﬁggsﬂﬁwlhﬁg ‘%g@ﬁgﬁt‘ﬁ’s‘f}ﬁgwgt"}e and the
redundant coating material w.is spun off (FIG 1B). Wiile the coatin

mat eri al w 3csordangegvithn essinoionerns paces ¢ Thatsdare.she.cqpting materiabistspregd pather i al w
inside starts to be dried and forns a coating W This is because, as

descri béd adisvsbstrdieaicthe redgndent esdtink nvatdriat wiisl epini off (Fi6 1B)l vent i s noved
toward an outside direction because of a centrifugal force caused by

spi nni ng the di sc Wwhiksthé adatinpmhteral-ws bédin&spredd on M0 dike bitRrae®,ithg W f or med
on whol e surface of the disc substrate Dis dried, spinning of the disc

Subst rat © Qi hAARRE el s B AUDBIIOR, Fodfind BKCTHRUN, b ol 7 a0t o

nmechani sm (n ! Igures) froma splinner apparatus shown in
00 RS0 Sy IR R et oy 0 150
for an optical disc that shows one enbodi nent of the present .invention, and
FI G 3A 3C autsidg digastian becgnse of isentrifpgal foscegravsedity spinaing iheidisesnbatrate Dot i on
apparatus of drying of the coating while
10 (FIG. 1C-1E). When the coating W formed on whole surface of the disc substrate D is
dried, spinning of the disc substrate D is stopped and the disc substrate D is taken out by
a transfer mechanism (not shown in figures) from a spinner apparatus (not shown in
figures).
Referring to FIG 2-5, one embodiment of the present invention is explained.
15 FIG 2 is a block diagram of a coating formation apparatus 100 for an optical disc that
shows one embodiment of the present invention, and FIG 3A-3C are figures for
explaining a detection method and a detection apparatus of drying of the coating while
spinning the disc substrate D. FIG. 4 is a figure for explaining changes of thickness of
the coating along a radius of the disc, and FIG. § is a figure which shows a relationship
20  between required time for drying the coating and a rate of spin of the disc substrate.
It is possible to apply a generally used apparatus for a spinner apparatus |
which has: a coater house 3 for preventing a coating material spun off while spinning ata
high speed from scattering; a nozzle mechanism 5 for supplying the coating material on

the disc substrate D; a mounting table 7 for mounting the disc substrate D; a spin driving

25  apparatus 9 for spinning the mounting table 7; a spin shaft 11 for connecting the



spinning the disc substrate D. FIG 4 is a figure for explaining changes of
t hi ckness of the coating along a radius of the disc, and FIG 5 is a figure
whi ch shows a relationship 20 between required tinme for drying the coating
and a rate of spin of the disc substrate. It is possible to apply a
general ly used apparatus for a spinner apparatus 1 which has: a coater
house 3 for preventing a coating naterigh]spun off while spinning at a high
speed from scattering; a nozzle nechani 5 for supplying the coating

mat or i al O NmobifugtaBiE 754 e ShFuing gL nd SR ol RpiBURL 1919 the di sc

substrate D, I ng appa for spinning thie nounting table
7; a spin shaft 11.faor. conpnecting. t 13 unt i tabl.e 7 and,the,.spin
driving apparat us ¢ SRIRFOR @ﬁ%”@%‘ﬁ??’dp oéqugc}%?ﬁ@q‘l °°Fh8%}5’?‘ﬁ‘“£%1??’r‘%‘r
apparatus 13, .in_order to_spread . the coatjng material supplied on the disc
substrate DPPthediss substiafy B, givesag initia) coesﬁhmﬁunqndtl’otottbrespyp&ﬂwas ARRAaFAuS
apparatus 9, and first of all, the nmounting table 7 is spun at a certain
sl ow speed. 9t drstiofiall, thémoSnting table dris spuin ahp pertain slowspeasloi Mdier that thount i ng
table 7 in accordance with spin patterns such as a certain rate of spin, a
rate of $pi gpih bertRAepshrals B parsithe Mmoudinp 18610 7Gn wicoRahta®ith kpif patahe of spin
I ncreased in accordance with a predeterm ned curve of a second order al ong

with tinme. J08.3RkBnhR R efs?grtea%t@fbf'&i&&cmﬁm@&ah?ﬁe ¥3hg ithsi

provi ded by a control appa us of the prior an and is describe berlaow. 10
Above the disc substrate D a cpati LI or 19.constituyted froma
Fadi ati on nEGORPUDEEMEAT eprBfte I L petRe REE Alrvd O Froad rlfedtondl o The
i nventors recogni zed,that the coating, changes jts color when jt is dried and
has di 11 or Hith Umer | dbe apiasoBiF appaaﬁwitgwg@namwlam 59t HOEeSBY 3 o and
after drying of the coating. As a result of experinents on various coating
mat eri al s scdntrol appatdses of the prinrartand isidesetitteidelomces anong t he coati ng
materials, however, with respect to a specific range of wavelength, it is
observet t hat t he shovertie didc subjttatecD] Devating diyiy sensor I0@ongituted Gbin @r e

L

radiation mechanism 15 and a light acceptance mechanism 17 is provided. The
inventors recognized that the coating changes its color when it is dried and has different
reflectance and transmittance of light between before and after drying of the coating.
As a result of experiments on various coating materials sold in public, there are
15  differences among the coating materials, however, with respect to a specific range of
wavelength, it is observed that the amount of reflection and transmission of light are
increased over 10%.
In this embodiment, in order to detect drying of the coating mainly by using the
reflection rate of light while spinning the disc substrate D, the irradiation mechanism 15
20  for irradiating light on the coating W and the light acceptance mechanism 17 for
receiving the light reflected by the coating are provided.
It is considered that a portion of the light irradiated from the light irradiation
mechanism 15, as shown in FIG. 10, is reflected directly by the coating W, otherwise,
another portion of the light passes through the coating W and moreover, passes through a

25  substrate material (for example, polycarbonate), and a portion of it is reflected by the



I ncreased over 10% In this enbodinent, in order to detect drying of the
coating mainly by using the reflection rate of light while spinning the

di sc substrate D, the irradiation nechanism 15 20 for irradiating |light on
the coating Wand the |ight acceptance nechanism 17 for receiving the |ight
reflected by the coating are provided. It is considered that a portion of
the light irradiated fromthe light irradiation nechanism 15, as shown in
FIG 10, is reflected directly by the coating W otherw se, another portion

of the |i ghinopatingasble Mand edachdsahelight atgpidheatechanrovidragainethongh ther ough a 25
substrate material (for exanple, polycarbonate), and a portion of it is

reflected byoa'gihgulgndtﬁ@uﬁgismt&ﬁbj_e 7 and reaches the |ight acceptance
mechani sm 17 again through the coating Wand the disc substrate D. In this

case, it is appropgiwl E,ﬁ%ﬁﬁ{:ﬁgﬁ&gﬁrﬁé }urfraﬂ@ omr}ﬁ&@ggg BT Be Qﬁ-\iﬁmm rror

surface or be in a state suc ectance is eased as low as a
certain value. 5 reover, it 1S possible that the surface of the nounting
table 7 is HHifeFe ?'i!\{?ﬁ ‘Qﬁesga‘%'?u‘:i’I@é?é&f@?ﬁc%ﬁgefrﬁ?eaéf foé"c’fsﬁ@ga‘\"s Wduced to
alnost zero, In this case, only the reflectance of the coating Wis
detected | Mor@varpﬁﬂwss@leéh@tnéc susfage pithe groupting whle7e é“lbﬁntshéf? @ount i ng
table 7 be adjusted or changed in order to obtain a preferable reflectance

i n accor danhusterlegstand thewefladtang idrediced togdmostizdrd. n [adipcde oty e tréfleetapnes | nent s
by the inventors, it is observed that it is easy to detect a boundary of

dryi ng whenpfhecaing ¢ & dttecidde MIYBAprosHatdRhea At oF thefurasd SMNBE ndhintif)y 30%

with respect to a wavelength of |ight applied for detection.

It is
pr ef er abl e ty ot f ' e 7 be
b T506 1 ol ol rShrRafh St Dpa d AEerle (RBRUTWIAARLS, [ 7
as shown in F G 1]1%% H‘. ppropriate that a 15 mask 28 be provided in
front of th®" Fdﬁ’t"e Y'Y mechani sm 17 and | i ght from ot her

10 In accordance with experiments by the inventors, it is observed that it is easy to
detect a boundary of drying when the surface of the mounting table has a reflectance of
0-30% with respect to a wavelength of light applied for detection. It is preferable that
the reflectance of the surface of the mounting table 7 be 0-15%. In order to detect the
light reflected by the coating W effectively, as shown in FIG 11, it is appropriate that a

15  mask 28 be provided in front of the light receiving mechanism 17 and light from other
side be blocked out. It is appropriate that a lens or the like instead of the mask 28 be
provided and a similar effect of selecting light be obtained.

Referring to FIG. 3A-3C, a method and an apparatus for detecting drying of the
coating while spinning the disc substrate D are explained. The coating drying sensor 19

20  in this embodiment is provided above the disc substrate D, for example, at a position of
approximately 3-10 mm. It shouid be noted that such a height is not limited. The
coating drying sensor 19 has both a light emitting mechanism 15 which generates light of
a certain level and irradiates it on the coating W of the disc substrate D and a light
acceptance mechanism 17 which receives the reflected light and converts it to an electric

25 signal. The light emitting mechanism 15 is constituted from multiple light emitting



side be blocked out. It is appropriate that a lens or the |ike instead of
the mask 28 be provided and a simlar effect of selecting |ight be
obtained. Referring to FIG 3A-3C, a nethod and an apparatus for detecting
drying of the coating while spinning the disc substrate D are expl ai ned.
The coating drying sensor 19 20 in this enbodinment is provided above the
disc substrate D, for exanple, at a posijkion of approximtely 3-10 nm It
shoul d be noted that such a height is not Iimted. The coating drying

sensor 19 h¢igddsQirhaser ¢dlembiits ST 4 lingaloRChe Ridius ditheiiecubgeite adétpominght of a
certain level and irradiates it on the coating Wof the disc substrate D and

a light aceRPBRNGE 1CEG Réth 3Minkle Mﬁ\ﬂﬁq_lﬁzﬁﬁﬂs‘@ihélﬂ&.rﬁh\‘?é:érﬁ%dli:h%}th@nd

converts it to an electric 25 signal. Iight emtting nmechanism 15 is

consti tut edy. | pl ' emAAd | . ts set in
a line al onléél{t%ég%%@c%\‘ﬂhisﬂg 7d‘:§g‘ cdés%ﬁg? éag?eégg%qg@n%nﬁ%?ﬁr@ and 3C,

or froma single or | tiple | apps the, like. In this enbodi nent, the

|'i ght accep‘!‘?g'&" ar?é*eﬁ’amdg A2y af‘érﬂ‘& T4CFYEs ﬁ@*@?‘&cffgﬁ“ﬂ? Hﬁ%ﬁuﬁﬁﬁn%w wi dt h
CCD array or a photodiode array, and the CCD receives light reflected from
a pr edet®er nimalbumt arpmon thg disc substratedd) t he di sc substrate D. The CCD |ine
canera, as the light acceptance nechanism 17, receives light reflected from
a certain narrow &hedCD lineginera,fas die light actepthmceandchaniendf?, febavesdight ng W on
the disc substrate D and an i mage processi ng nmechani sm 21 operates inmge

processi Ng refBctbd ot AdRttafn' Mo i GHrEQYA ADRANGde ot ofthe GRGAE YAGFE W Th
I mges fromthe CCD 10 line canera, the color of the coating Wis strong

gray before dryi i I %%é L W

Changes. o e berB 5 U sn i€ brocblekly Mechitlin 27 offralth shilfe 6B

mechani sm 21 rat es image processing on such, col or. chan and tputs a

si gnal zeroo‘fg‘)g'?‘&ﬁ‘eﬁomﬁl?'%ﬁrg%qﬁﬁawrﬁ‘g’ét P@ﬂﬁcﬁ?weaﬂ@‘ﬂ’&@%ﬁ"g‘%@gﬁal one

(1) when the color changes to lighter gray that is a color close to white.
10 line camera, the color of the coating W is strong gray before drying, however, after

drying, the color of the coating W changes to a lighter gray that is closer to white. The
image processing mechanism 21 operates image processing on such color changes and
outputs a signal zero (0) when the coating W is strong gray and outputs a signal one (1)
when the color changes to lighter gray that is a color close to white.

15 In FIG. 3C, when the whole surface of the coating W is not dried, by the CCD
array (or each light accepting device), as the light acceptance mechanism 17, from a
position (a) that is a left edge of the figure to a position (r) that is a right edge of the
figure, the signal zero (0) is output everywhere. On the other hand, when drying is
improved and the coating W is dried from inside to a point X, the CCD array which is the

20  lipht acceptance mechanism 17 outputs the signal one (1) from portions (a), (b), and (c)
and outputs the signal zero (0) from portions (d)~(r). That is, when the reflected light
from the coating before being dried is received, the signal zero (0) is output, and when
the reflected light from the coating after being dried is received, the signal one (1) is
output.

25 The imape processing mechanism 21 operates image processing in order to



15 In FIG 3C, when the whole surface of the coating Wis not dried, by the
CCD array (or each light accepting device), as the |ight acceptance
mechani sm 17, froma position (a) that is a left edge of the figure to a
position (r) that is a right edge of the figure, the signal zero (0) is
out put everywhere. On the other hand, when drying is inproved and the
coating Wis dried frominside to a poiRg X, the CCD array which is the 20
| i ght acceptance nmechani sm 17 outputs the signal one (1) fromportions (a),

(b), and (cabtaigRbctobihdryisfenhls Qhéretbréllit i oRiHOb dalcalidBE b Tor kd@hiéjg;i- That
I's, when the reflected light fromthe coating before being dried is

recei ved, tmﬁn@gioggﬁ%o@ WeofaHs Bidk 313@&&%&&{% ﬁi‘n%%?%ﬁﬁgnih%ght from

the coating after ed is recelve the signal one utput. 25

obt ai 0 Suchi B Ra . SgTe @ e pnBPEte ik AE (L RURRT Rl RO f e

for reaching a dried pqosition qgn the cqating W.,of the disc substrate D from
the start tinme of 1Bpiogasfexplapaen,the costing materalds gpread apddhe poajing laverWat e t he
required time for drying to a certain position. In a detail ed explanation,

t he coati ngisfermedianil dried by spinning the didesubsrate gt 4 wapeof nimEs pes nfipwterfpmind
dried by spinning the disc substrate D at a rate of n tines per mnute
(rpm. As HAedescribalababewehilewhd toatinf taysoia idried) theiveige ipfocessingds céddaciednge
processing is conducted on the state of drying obtained by the CCD Iine

caner a. FOr o Tl bYingBHGitel BY theCCDIRBAIAS | FoPoxbRledby inbinufihg BRST L1 ons

on the disc substrate at whic are apart ffomthe

on | . . 2,713 and T4 (m) e
car cul at o TRURRRE I nRg pHopi0h bt e S File o Which A 3 e Ba i)

Showi ng. { e APAHEDRA SGF SRR STBdel 3 or BYIRe drpgiony Hirosthe trage.

processi ng nmechani sm 21 has both functions of detecting drying of the

coat i nglQ ayealcuatethsrdrying imeithg2.1A and tdpiithesepesitinnsieasilydr At Hotdathetimage
processing mechanism 21 outputs a drying signal §1 showing the drying state of the
coating layer. Therefore, the image processing mechanism 21 has both functions of
detecting drying of the coating layer and of obtaining the required time for drying at the
positions along the radial direction on the coating layer by measuring or calculating.

15 After forming the coating layer, the disc substrate D is taken off from the
spinner apparatus | and the thickness of the coating layer is measured by a coating
thickness measuring mechanism 23 of an inspection apparatus, which is not shown in
figures, in a state of approximately room temperature. Such measuring of the thickness
of the coating layer is conducted by an inspection apparatus of the prior art, therefore,

20  details are not described, however, such measuring of the thickness of the coating layer is
operated at multiple predetermined points or sequentially and continuously along the
radius, that is, from the inside edge to the outside edge of the coating layer. Measured
coating thickness data obtained by this operation is transmitted as a coating thickness

signal S2 shown in FIG: 2 to a coating thickness detection mechanism 25. The coating

25  thickness detection mechanism 25 checks whether or not the coating thickness data of the



positions along the radial direction on the coating |ayer by neasuring or
calculating. 15 After formng the coating |layer, the disc substrate Dis
taken off fromthe spinner apparatus 1 and the thickness of the coating

| ayer is neasured by a coating thickness neasuring mechani sm 23 of an

I nspection apparatus, which is not shown in figures, in a state of

approxi mately roomtenperature. Such megguring of the thickness of the
coating layer is conducted by an inspection apparatus of the prior art,
therefore, éatifiglaged tfansitteddiontthe ¢coatligdhickmpeemeasuring afech@asnt)d gnaf t he

t hi ckness of the coating layer is operated at nultiple predeterm ned points

or sequent i gbdaterpifbdaaide dTéomMgthRkeRg the radius, that is, fromthe inside
edge to theﬁgutsi de edge of the coating |ayer. Measured coating thickness

dat a obt ai ned by tshi ' Le Qg ] | | S
signal S2 shown i rﬂa @ggg%@gqgg\g ‘.“r?%‘?‘? E@c'&‘gﬁ:gg%sg?g@g%tg ?%drg] g%%ﬁ%a%ﬁés}?nﬁ% The
coating 25 thickness iéat e(ili.on tgechan_j sm 25 checks P\A&%&r@ or nqgt the
coating t hi tResENTItera lovar limjtofithe pregetesmiped tapas of; Gog s YoM coat i ng
t hi ckness neasuring nmechanism 23 is in a_predeterm ned range of coating

t hi ckness. o apredsiermingdaumbsr efdisn subsirates(2 retingpestpd. c inasaseoin which di8at i ng

| ayer reaches an upper |limt or alower limt of the predeterm ned range of
coati ng t hicletlesignal 88 is\femeratsdewhen one oa multiplediscsnare mdpettedhthe chéckdignal
substrates D are inspected. In a case in which the check signal S3 is

gener at ed VWEER aWiarPSighallikdiedi&d By 6 Sd/6 1€ ah e Qfpin8Idks Otvifn AdilckfésgBpthe S3 i S
a binary signal indicated by 0 and/or 1, and the signal is 0 when the

thi ckness ofg,hheis iﬁpﬁgﬂﬁm&m{ea c&éﬁgﬁéﬁ%ﬁ%ﬁfﬁh@% ﬁqa&ﬁcﬁ%uk 'tﬁkﬂﬁga range

and is 1 when out o e range. n-nany cases, e predeterm ned
coating thickness {an I.S_set to 10 a range of 1:-2% around a desired
coating thi ckness.depf'%ghdﬁmnbgasﬁﬁﬁlgecf’f’%ﬁm\l?&% g l‘%‘f‘%‘s rnge LLyet jope
accordance with needns or requirepents regardless of a limtation of _this
range. 10mnehrangeof 112 &%@F&ﬁ‘rﬁﬂeﬁlﬂmﬂ%ﬂ%‘%ﬂw- r 8sBowid S ppted thab s possible  S3

fromthe coating ) ) o .
to set in accordance with needs or requirements regardless of a limitation of this range.

When a spin programming mechanism 27 receives the check signal S3 from the coating

thickness detection mechanism 25, the spin programming mechanism 27 changes to a

spin program which increases the rate of spin and which is selected from multiple spin
15  programs stored inside.

A concrete example of the spin program is explained with reference to FIG 4
and 5. As shown in FIG. 4, a division at regular intervals is conducted from the inside
edge to the outside edge of the coating layer, for cxample, a division into 4 portions (it is
not limited to a division into 4 portions, end it is appropriate to be divided into 2 or more

20  portions in accordance with needs or requirements). From the inside edge, points are
expressed as rl, r2, r3 and r4, and regions from the inside edge to the outside edge are
cxpressed as 1, 11, 11l and IV.  Drying times t1, €2, t3 and 4 of the coating layer on a
horizontal axis of FIG. 5 respectively indicate the required time for drying at positions
(points) on the coating layer rl, 12, r3 and r4 of FIG 4, respectively.

25 The spin programming mechanism 27, as described above, receives the drying



t hi ckness detecti on nmechani sm 25, the spin progranmm ng nechani sm 27 changes
to a spin programwhich increases the rate of spin and which is selected
frommultiple spin 15 prograns; stored i nside. A concrete exanple of the spin
programis explained with reference to FIG4 and 5. As showmn in FIG 4, a
division at regular intervals s conducted fromthe inside edge to the
out si de edge of the coating |ayer, for j)garrpl e, adivision into 4 portions
(it is not limted to a divisfjon into portions, end it is appropriate to
be divi ded §igiad S? fivin N iRagdprogdsting ttchahisht 2 DAANAE exfrédied @adiFing times
requirenents). Fromthe insidel edge, points are expressed as rl, r2, r3 and

r4, and reghops¥ drau! Mehd Hid gﬁﬂﬂﬁ thebhRih P hatta higkRuRRsed as
1, 11, 11l and’ V. Drying %ijiﬁne tl, 'P% t3 and t4 ofﬁtg e C(%g:tvilng’ I}ge?er on a

hori zontal axis of ElG. 5 r ilvely indicate.the r ired. ti for drying
ot bost t orle spipgn oyt i abERBES, 12 M, 5 3RpE P innd fi3eh ki, Rfich sfpq & 5
respectively 25 The spin programm ng nechani sm 27, as descri bed above,

recei ves t hincrtaginggr deBreasing eeaé pfpirininis sélectedrafit or & 13, agdopeandBpinhmm 21 at a
time expressed as drying tinmes| tl, t2, t3 and t4. The spin p granm ng

mechani sy 27 has, a ogr,a Icgh, whe t he spi nni L I S,t if O5
COETT % eptea R BlRRARI Y b oSt i Shoriopucert V4 R avindEy. afe i
decreasing rate f spinning is selected, if tl <t 51t2, a slope of spinning 5
speed v2 i sssed,aclapd of spinhing Y4tiSselextesll offherefors phaspimprograeeting3 i s
selected, and if t3 <t 5 t4, p slope of spinning s v4 is selected.
Therefore, Lh& SR i3 ' - qi g0l -SDI rol
apparatus 13 a sfgg{ll%ﬁbgggrqueﬁopng #gw&gﬁﬁlﬁg%‘ﬁeggﬁggé)m%%e sl ope of
pinning speed v, 1 initially, gjves the spin.cqontrol paratus . 13 the signal
B T equest: fGoRads i e slobh oEkniinng heed bh Bl ives BB 3P0 G0 aparig 1
when t he dr&ng signal Si is efeived fromthe image praocessing nechani sm 21
at tl; gi vEsthesignshi4reaunstingto werkan aecordanaeswith thesiopa of spinnipg spered v2ng t o
work in accordance with
10 when the drying signal S1 is received from the image processing mechanism 21 at tl;

gives the spin control apparatus 13 the signal S4 requesting to work in accordance with
the slope of spinning speed v? when the drying signal S1 is received from the image
processing mechanism 21 at 2; and gives the spin control apparatus 13 the signal S4
requesting to work in accordance with the slope of spinning speed v4 when the drying
15  signal S1 is received from the image processing mechanism 21 at t3'.  The spin control
apparatus 13, in accordance with the check signal S4 described above, outputs 2 control
command Q in order to drive the spin drive apparatus 9 along the slopes of spinning
speeds v1-v4,
A concrete exampld of the spin program is as shown above and in accordance
20  with a spin pattern (A) shown in FIG. 5, in region I from the inside edge to the position
(point) rl, spinning is operated at the slope of spinning speed v1 that increases at a
minimum increasing rate, spifining is operated at the slope of spinning speed v2 that is

larger than the slope of spinning speed v1 in region II, spinning is operated at the slope of

spinning speed v3' that is larger than the slope of spinning speed v2 in region 111, and




t he sl ope of spinning speed v when the drying signal Sl is received fromthe
I mge processing nechanism 21 at ; and gives the spin control apparatus 13
the signal S4 requesting to work in accordance with the sl ope of spinning
speed v4 when the drying 15 signal S 1 is received fromthe imge processing
mechani sm 21 at t3'. The spin control apparatus 13, in accordance with the
check signal S4 described above, outputgga control command Qin order to
drive the spin drive apparatus 9 al ong tge sl opes of spinning speeds vl-v4.
A concr et e pkminy ie opératell @t hpislopp bOGidIiG Spedd v4 igiods laiperhantid slapeadgcor dance
20 with a spin pattern (A) showwin in FIG 5, inregion | fromthe inside

edge 1o they Qs ol vi BldBloh 1V (v SPUPZVINANOP Shalis 3 aldiftahloREn He

sSpi nni ng sp at” I ncfeases at @ mninumincredsing rate, spi ing is
operated at the sl Oﬁfte of spinning speed v2 that is Iarqer t han the sl ope of
spi nni ng s pwEYPariem )y fitgh aRen spinning 4 thedonerfspaping speedivls the slopepe of

spi nning speed v3' that is larger than the slope of spinning speed v2 in
regi on |11 ,spinminglspeedsyl ismrainfained omptilithe dnyingttinétd isteachedat theposition (posmtped v4'
that is larger than the slope of spinning speed v3 in region IV (VI <V2 :

V3' S V&) .riTRikjuitafiet prseifig oF, daisepewif the spitingsspedd ip ahdnpedtd vhy slopt b5t , after
spinning at the slope of spinning speed vl, the slope of spinning speed vl

5 mai ntal g dpked P2 dmeiqux;okgﬁgﬁng%kp%em@mﬁnmmmﬂﬁm& dHifimEoi Nt) 5

ri, and jus passing t e of the spinning spee anged to

i nt i ned Gt R e FRRES: tiiny 25 oR SRR af0E AR JBE stnkRoi nt) (2.

and just after passing t%{ the sl ope of spinning speed is changed to the
sl ope of spipRefl isghanged tp thesloppofsmrming Speed¥3'F| G 4 shows a change of the
t hi ckness of the coating layer 10 while the coating layer is formed by
spi nni ng the di scAsuipe (Xtof FIG 4shows dshangewf the thinknessof the peatinglayet A) in
whi ch the sl ope of the spinning speed is changed in such manner, and
10 while the coating layer is formed by spinning the disc substrate in accordance with the
spin pattern (A) in which the slope of the spinning speed is changed in such manner, and
it is assumed that the coating thickness of the coating layer exceeds an upper limit at a
position r2' between the positions r2 and r3 on the coating layer. Here, as described
above, the coating thickness detection mechanism 25 gives the check signal S3 that
15  indicates exceeding of the coating thickness from the predetermined range at the position
(point) r2' on the coating layer shown in FIG. 4 at the required time for drying t3'.
When the check signal S3 above is received, with respect to the disc substrates
on which the coating layer is formed hereafter, the spin programming mechanism 27, for
example, in order to change from the spin pattern (A) shown in FIG. 5 to a spin pattern
20  (B), gives the spin control apparatus 13 the signal 84 which specifies the spin pattern (B).
Therefore, the spin control apparatus 13, with respect to the disc substrates on which the
coating layer is formed, operates spinning in accordance with the spin pattern (B). The
spin pattern (B), as with the spin pattern (A), has the slope of spinning speed v1 at region

I and the slope of sinning speed v2 at the region I, however, spinning is operated at

25  region III with a slope of spinning speed v3 which has a larger increasing rate than the



It is assunmed that the coating thickness of the coating |ayer exceeds an
upper limt at a position r2' between the positions r2 and r3 on the
coating layer. Here, as described above, the coating thickness detection
mechani sm 25 gives the check signal S3 that 15 indicates exceeding of the
coating thickness fromthe predeterm ned range at the position (point) r2
on the coating |layer showmn in FIG 4 at,the required tinme for drying t3'.
When the check signal S3 above is received, with respect to the disc
substrates slg dmbmhinmgeea%t ArjdiCht kepidH TV &ith @519B6 of§iRiAd Sheed VA Whidhilas

progranm ng nechani sm 2 for exanple, in order to change fromthe spin

pattern (A) LD i Ler (B, < G L spin control
appar at us ﬁﬁg?gﬂ‘sclwgaﬁlg#%ﬁ’ﬁh:ﬁ%:%l%e(@fﬁﬂ}é@gtsﬁeeeaggl&lﬁ??ﬁTg’?) Ther ef or e,
the spin control apparatus 13, with respect to the disc substrates on which
the coating | ayerAsidgsdribedaboveowhensthe spin programuyinigrmechemismi 2 seceies thet he spin
pattern (B). The spin pattern (B), as with the spin pattern (A, has the

sl ope of sp¢heck signat $8achisH naaifies dat the codtingrthickdmas fsloupef thé pedaemiged peed v2 at
the region 11, however, spinning is operated at 25 region IIl with a slope
of spi Ny NOregRATEONY the \tBAthlp thidRneds HAEERN nhdRariaR 25 Ahé §iff AR app@ardo s| ope of
spi nning speed v3' and at region IV with a slope of spinning speed v4 which
has a | arggk.,.d k NO4: . -S R QLU vd' (V1 < V2
a <vay B IR Bt WG EP G Rl T8, SR the 07
receives the .check signhal S3 whi%?h notifies é?at ihe c atinpedthick ess is
out of the {PEBRIUTRPITLgesnataxeast the upprs lmite oFFRaRyin My TR BryERt ko
mechani sm 25, the spin driving apparatus 9 spins the follow_ng disc

subst rat es ¢hangesed thepeatnghicknessi rge gpin patiem {spletermingd én @ mannerie Whichahe ng

t hi ckness does not exceed the upper limt. Generally, in order to prevent
qui ck changesfepintihsotchaiged guicklycind gsently ah® carpmimpqint dnahecosting ddyer. mi ned in a
manner in which the rate of spin is not changed quickly and greatly at a
cert ai npoi HbwéNer,ldven had ipighih@iédperated ilrgoyd¥dRRce Witk theWpRI pa&Bin(B),NG i S
operated in accordance with the spin pattern (B),

because of characteristics of the coating materials and/or the like, there may be a case

such that the coating thickness exceeds the upper limit at a point between the positions
(points) 13 and r4 on the coating layer. n such a case, the spin pattern (B) is changed to
a spin pattern (C) not shown in figures and has a quicker slope of spinning speed. For
15  example, the spin pattern (C) not shown in figures is set to have the same slopes of
spinning speed v1-v3 and to have a quicker slope of spinning speed between the
positions (points) r3 and r4 on the coating layer than the slope of spinning speed v4.
In the embodiment above, the slope of spinning speed at the region IV between
the positions r3-r4 on the disc substrate D is determined to be v4 and the operation is
20 controlled. However, when the slope of spinning speed at an inside position is changed,
the coating thickness of the coating layer at a position outside the inside position is
affected. Therefore, the operation is controlled in accordance with a spin pattern in
which the slope of the spinning speed at region IV is the same as the slope of the
spinning speed v3 at region III, and the operation is controlled by maintaining the slope

25  of spinning speed v3 until the end if the coating thickncss does not exceed the



because of characteristics of the coating materials and/or the like, there
may be a case such that the coating thickness exceeds the upper Iimt at a
poi nt between the positions (points) r3 and r4 on the coating layer. In
such a case, the spin pattern (B) is changed to a spin pattern (C) not
shown in figures and has a qui cker slope of spinning speed. For 15 exanple,
the spin pattern (C) not shown in figureg is set to have the same slopes of
spi nning speed vi-v3 and to have a qui cker sl ope of spinning speed between
the positipradetémiined ﬁh%eréftﬁéldodtiﬁg ehicknass. C Chriwengr, Waditthelcb@tihgithivksdsope Of

spi nning speed v4. In the enbodi nent above, the slope of spinning speed at
the region Qeddps bid : ' : Ir S

det erm ned ?lgcﬁgm\gg%ﬁgit he oggtégtel? ?ﬁhﬁf@ﬁ@é‘?ﬁ?%ﬂ%?éﬁﬁ%ﬁtgﬁgo ‘Ién t he
sl ope of spj.hQi l41S1 L] [ . i ng
t hi ckness O#VRF #elg?:%g?elﬁgé&ioa‘égg dia%'? g‘gl’%b’%@ﬂ"? JE)"?\Hl%)lu es(?oggﬂgﬁdgeﬁ lﬁgl éﬁgagés'r i([Ei on is
affected. Therefqre, the operation is controll I n .accordance wth a spin
pattern in 1sm}u5ﬁfytarpgro§p3$é§%2he[ Fperation P?F&mélﬁggﬁ applying "oﬁol?e\f’fi the same
as the s|ope of the spinning speed v3 at region Ill, and the operation is
control I%d m&mmmadnf frgm the beginping ofregiondWi nltiiswpt speessary thatithe islopesef end i f
the coating thickness does not exceed the 21 predeterm ned range of the
coating t hi gléRpidfing sPevd\beeradtalRyirichasedaath agvl Hvoless vaY andibs coating |ayer
exceeds the predeterm ned range of the coating thickness at region IV, wth

respect to the follow di S trates on ich the coating |layer is
formed | at e?gpr?qnaltq@%? 5}?%7 ‘ﬁ%r%" ﬁma'r*[s@e?%t?‘f A™%peration be controlled
by applying the sl ope of the 5 spi nninr,lpgtesp,eed_v4 fromthe Oﬁe%i nni ng of
region 1V. It is rbtchapeing ensa o thespin pakicr) ig yvhichs combipanogiof giskge 8heed be
gradual Iy increased such as (vl _<-v2 <v3: 5 v4), and it is appropriate
that all t hspintingspeedhasdlargeinsreasing ratocipandsecasps itas pessiblytoghriniginthe once to
the spin pattern in which a conbination of a slope of spinning speed has a
| ar ge i IEr ecsating thickness in A piedetertiied sange!  Egenpoltenithe eoatiap wateriabhas at he

special or unusual characteristic, by changing again to the spin pattern in which a
combination of a siope of spinning speed has larger increasing rate, it is possible to
maintain the coating thickness of the disc substrates on which the coating layer is formed
hereafter in a predetermined range. It should be noted that, in the present invention, it is

15  not needed to set the predetermined thickness of the coating uniform from the inside to
the outside of the disc, and it is possible to form in a manner such as setting the thickness
increasing or decreasing from the inside to outside. Moreover, it is possible to control
in a manner such as setting the thickness thick or thin only at a certain position along the
radius.

20 In this embodiment, the spin pattern that determines the slope of the spinning
speed from start to end of spinning is changed as a whole, however, it is appropriate that
the slope of spinning speed of only a certain region be changed.

In the embodiment above, the spin program is changed along with measuring
drying of the coating by the image processing mechanism 21 and the slope of spinning

25  speed is changed by changing the spin pattern automatically. However, it is not



10 coating thickness in a predeterm ned range. Even when the coating

mat eri al has a special or unusual characteristic, by changing again to the
spin pattern in which a conbination of a slope of spinning speed has |arger
increasing rate, it is possible to mamintain the coating thickness of the

di sc substrates on which the coating layer is formed hereafter in a
predeterm ned range. It should be notedsbhat, in the present invention, it
is 15 not needed to set the predeterm ned thickness of the coating uniform
from the i ngdcelgaryqo chdh@e élspiniftogramidutonihitisally, andlini drdério P@uce the QodtOugorr m i n a
manner such as setting the thickness increasing or decreasing fromthe

I nside to %&:ﬁgl $d ilRhGe itdatiohd, itif nétGR S f6r &noaggﬂu%{s% me&éﬁr@dﬁﬁ{%‘sﬁteéum as

setting the thickness thick or thin only at a rtain position along the
radi us. 20 | [ . | &) Rk t (A4 he sl ope of
t he spinni n%gué@%gﬁg’ﬁgghbg@g&?#'g%‘én ) ] ﬁ?\fgr{"&p?ésmg‘ﬁgoﬁge gsn whol e,
however, it_.is. apgﬁﬁgri ate t.Hat .t he sl ope of spinni naﬁ speed of ,only a
certain redCBRINGEPRATAR M PTOYide thedmapsRraresing MmegbARsM.aRd itd5 ARPFRRTALS tt | s

changed along with neasuring_ drying of the coating by the inage processing
mechani $m 2the apin prageam be preaied bassil onitheydrying tappedatn, the continghirkngssdatangi ng t he
spin pattern automatically. However, it is not 22 necessary to change the
Spi n progr amdéaurtiestikic copresponding do the varielarsidpes ofspining speedolhinedijnon  bei ng
used in actual situations, it is not needed for an apparatus to neasure

drying st atagve dbdRribsCiames BéfBrehbiD the¥AIRBatipMrrhing appdiatls Bé bpkadibdbp. it s
not needed for the coating formng apparatus to provide the inmage

rocessin gg‘&n | . Lt | - ' R e e
Er eat ed bgsle oﬁgt‘%gb ﬁ%@‘%ﬁ@e‘ﬂ%ﬁ{@?&kﬁq‘éﬁf‘?‘ﬁg‘“ﬁ’ ?%Enes%éggg‘ggf%%)d/ or
the |ike corresponding,to,the vario l.opes, of .. spi nni speed abtained in
abovel- descrf ﬁéﬂ#e? bﬁé’bﬂ?&fﬂ\éﬁdéﬂ?‘ﬁ%ﬁi’b@% when it i‘%%et‘fclfﬁ%%‘r‘ﬁgg%‘ﬁf’ﬁﬁf’%t :.IS beI
operated by _inputting the spin program ,and the spin pattern, that is the
sl ope of0 sphicknesg reaghas angipper it (a predetermined value).

In the embodiment above, with respect to n-th (n is an integer equal to or larger
than 1) disc substrate, both a step of detecting moving of a boundary between a dried
area and a not-dried or wet area and a step of measuring a coating-thickness distribution
of the coating are operated, and with respect to n+a-th {a is a fixed integer equal to or

15 larger than 1) disc substrate, a step of controlling the spinning speed of the disc substrate
is operated. In this case, by applying data obtained based on the operated disc substrate,
rotation of the a-th disc substrate after the operated disc substrate is controlled, therefore,
the structure of the apparatus is simplified. It is appropriate that the value of “a” be
adjusted in accordance with a time lag between the step of forming the coating and the

20  step of measuring the coating-thickness distribution.

It is appropriate that, with respect to a certain number of discs (for example, n,
ntl, nt+2, ..., n+m (m is a fixed integer equal to or larger than 1)), measured results of
the distribution of the coating thickness be stored and an average be calculated, and by
applying the average data, spinning of the disc substrate after a certain number (for

25  example, n+r (r is an integer larger than m)) be controlled.



mounting table 7, be changed as descri bed above when it is detected that the
coating 10 thickness reaches an upper limt (a predetermned value). In the
enbodi ment above, with respect to n-th (n is an integer equal to or |arger
than 1) disc substrate, both a step of detecting noving of a boundary
between a dried area and a not-dried or wet area and a step of neasuring a
coating-thickness distribution of the egating are operated, and with
respect to n+a-th (a is a fixed integer equal to or 15 larger than 1) disc
substrate, A sséond efifbodimaeint ol | i ng t he spinning speed of the disc substrate

I's operated. In this one, by applying data obtained based on the operated

di sc substrate,  ritabicil efbobfifnfof e fheséht BHBRGSAL BAhined wih feBRftetbed di sc

substrate is controlled, therefore, structure of" the apparatus is
sinmplified. IS t
accordance P\/‘\ﬁﬁ lrﬁﬁ’x ﬁ%‘%"v@?&“&'ﬁ W%‘?E?ag?%nﬁ?m}aﬁgj%%g?ﬂ%g and the
20 step of neasuring.the coat ckn ss distri l,on. i S appropriate
that, with TREUpEEhedise uhsaaieaﬂ’ﬁfqﬁhaﬁes?o oA ot U BRSPS B A el | e,
., ntm(mis a fixed integer equal to or larger than 1)), nmeasured
resul ts bf minisum isereasing ratsrinsegiombfrom dha insjde pdgertn Seposision(painl rhatitan
average be cal cul ated, and by applying the average data, spinning of the

di sc subst rsbpe @ﬁspirmim spesd & thatris ivoger tahdhie 2&pesofapinhing spead irinirsgiamllj nt eger
| arger than nm)) be controlled. 23 A second enbodi mrent The second enbodi nent

of the presg atithevddfel dTRpinfAing XpdedivieRat M Tafpef MbE HRIdbelod spifthit: s d&bdlvn i hi's

enbodi nent, as descrl bed above, the coating materi aI i's sprea spi nni ng
t he di sc sugg} f\} t he sl ope of spinning speed vl that increases at a 5
m ni mum i ncr €asi ng raté in regqi on | fromthe inside edge to the position

of spi hni ny apeed A1 PR BIG R When e rofng tirGuess Sisee B SisBRr I e e va
that SI ) ar griﬁeémﬂedt rgggesalt%%%sn(t)l];n %p%n?tﬂzr'] gmglptle'ig ?nmd% cldgc of the disc substrate D,
sizes of areas Y1 and Y2 between the measured coating thickness and the upper limit of
the predetermined region of the coating thickness, corresponding to each of regions III
and IV, are calculated.  The sizes of the regions are digitized by dividing into
predetermined ranks, for example, ranks 1-5 as an excess of the coating thickness. In
15 other words, the coating thickness exceeding the upper limit of the predetermined region
of the coating thickness is time-integrated as the excess at each region.
After measuring the coating thickness at regions I-IV, the check signal S3
indicating the excess at each region is output. When the check signal S3 indicates a
value of 0 at region I, 0 at region II, 1 at region IIT and 5 at region IV, the slope of the
20  spinning speed at region 111 is set in accordance with the value of 1 which is the excess of
the coating thickness and the slope of the spinning speed at region IV is set to be a steep
slope in accordance with the value of 5 which is the excess of the coating thickness.
Therefore, with respect to the following disc substrates on which the coating is formed,

the slope of the spinning speed is not changed at regions I and II, the slope of the

25  spinning speed at region III is set in accordance with the value of 1 which is the excess of



regions Il and IV. As shown in FIG 6, when the coating thickness exceeds
the upper Iimt of the 10 predeterm ned range at a position (point) r2
fromthe inside edge of the disc substrate D, sizes of areas Y | and Y2

bet ween the nmeasured coating thickness and the upper Iimt of the
predeterm ned region of the coating thickness, corresponding to each of
regions IIl and IV, are calcul ated. Theg,sizes of the regions are digitized
by dividing into predeterm ned ranks, for exanple, ranks 1-5 as an excess of

the coatinghé B&ﬁi'ﬁ?@lﬁ&kmhsfhndlﬂe SAbPEsT HOSPning R AGeI0A IV G REASodXsRedi Ng
the upper Iimt of the predetermned region of the coating thickness is

T i B S S oot g e B B 1

t hi ckness at regions Sl gna e excess at
each region,is_.output. \VWen, the check si l,.S3 .indicates a..value of 0 at
Cagi on 1 o FpipiE Sheeq i Sitn s ivanBE s Bosp 1a camig] e Pipkhisatart e of
the 20 spinning speed at region Ill is set in accordance with the value of |
which is tHscwatebsd aphorttime. coati ng t hi ckness and the sl ope of the spinning
speed at region IVis set to be a stee sl ope in accordance with the val ue
of 5 whikh is the Thecemtingdhickiess gaegiomlyV isvherged becavseabregionrIl, theidise r espect
to the followi ng disc substrates on which the coating is fornmed, the sl ope

of the spi nbaeatsDaeshunt thetslopbafgsinifg spced corespbndingiol the vili€os] whrhof t he
25 spinning speed at region Il is set in accordance with the value of |

whi ch i St g yRxGeaS of fheEaridg i RARE, hlicfolt RIPETRoAHA fine LigRLofhe  NE

L i _
spi nni ng spee t region Vs set in accor ue of 5 which

is the excess of the, coat.in hi ss. By sgtting.the sl,ope of .he
Spi i g oAU SPELE PeEispL b b St 56 B e P P fnibg Spct P ForBidersiph g
t hi ckness nore ccurately.in a short, tine. . The coating_thi ckness at
region 1V i%¥ "é‘h%ﬂ? ‘6{50 B‘&gése‘!qe sxcessfithecafipg eyy; of zegion s befareband and spun
at the slope_ of spinning speed corresponding to the value of 1 which

10  spinning be operated at the same slope of the spinning speed at region IV as region TIL

As a result of spinning the disc substrate at the changed slope of the spinning speed and
forming the coating, if the coating thickness exceeds the predetermined range of the
coating thickness in the middle of region IV, it is appropriate to change the slope of the
spinning speed at the region IV as described above.,
15 A third embodiment
Another embodiment of the present invention is explained with reference to
FIG 13. In the apparatus of FIG 2 described above, after forming the coating, the
coating thickness is measured at a later step. This embodiment is characterized by
operating a formation of the coating and measurement the coating thickness in the same
20  apparatus.
The coating thickness measuring mechanism 24 measures a coating thickness
W on the disc substrate D sequentially or at multiple points intermittently along the
radius of the disc substrate D while the disc substrate D is mounted and set on the
mounting table 7. There are the following two timings for measuring by the coating

25 thickness measuring mechanism 24.



I's the excess of the coating thickness, therefore, it is appropriate that
the slope of the spinning speed at region IIl be set to be the slope of the
spi nning speed in consideration of the value of 5 which is the excess of
the coating thickness of region IV beforehand and 10 spi nning be operated at
the sane slope of the spinning speed at region IV as region IIl. As a
result of spinning the disc substrate akgthe changed sl ope of the spinning
speed and forming the coating, if the coating thickness exceeds the

predet er m nqa) ARBOEYidh thd@atif®W dstOwhdle, GHotRSGitH fording 1l Moltingfabledi on 1V, it
I's appropriate to change the slope of the spinning speed at the region IV

as descri be&bnﬁhﬁiﬁly, Raslring e o SRR IR offHalchRing WhOGReHREL, Of the present

i nvention is explalne ref ceto FIG13. In't pparatus of FIG 2

descri bed a fter form t.h ti he . . N lsckn S
measur ed at tfg}’ﬁgypgr\\;@[cé%&ngﬁﬂr&glr&qg85?\%@3?&%@%&93@%?@?@%{%&8% ogg%r ating a
formati on of the ating and. neasyrenent the coating thickness, jn the sane
20 appar at u%".a“%gf’glﬁa‘l"ﬁ ‘SFﬁkE‘RSHQ the,coaung. H@"WFF&’HP@W"WQ@EF%E“a
coating thickness Won the disc substrate D sequentially or at nultiple
poi nt s it elikei chaging the dayiog ouridery. r I case of (2)1abovh, Hds snpoepriata hatd whi l e t he
di sc substrate Dis nounted and set on the nounting table 7. There are the

fol | owi ng tinweasutediregit Heappheias urdisegubstrate o be eoitedgext, 2ndtitis & tehas ur i ng
mechani sm 24. 25 (1) After drying the coating Was a whole, along with

rotating t hemBppld et BROlBIicd 10 GIBLIbAUOMRation BF 3 1 skl Biing Ni Ckness
of the coating Wis operated. (2) Along wth coating and drying of 1he
coating W incidsve a drying boundary of the coating W the coating thickness

of the coating is nmeasured in a manner which is just 5 |ike chasing the
drying boundary. hn .2 ffince with tiecontiifon of FIG 132 BRE SRS biulld the Loating
10  thickness measuring mechanism 24 in the spin-coating apparatus, therefore, it is not
needed to provide the coating thickness measuring mechanism 24 independently from the
spin-coating apparatus, and there is an advantage to make the apparatus smaller.
In a case of feeding back the measured result of the coating thickness
measuring mechanism 24 to a rotation operation of a currently coating disc substrate, the
15  coating thickness is measured without contacting while forming the coating on the disc
substrate. When the coating thickness is out of a predetermined range, the slope of
spinning speed of the disc substrate D is adjusted in real time. In this case, based on
measured results of the coating thickness, it is possible to operate feedback control with
respect to the coating thickness of the same one disc substrate, therefore, there is an
20  advantage in which it is possible to flexibly manage against sudden changes. A control
method of this case is explained below.
FIG. 7 is a figure showing changes of coating thickness along a radius of the
coating, and FIG. 8 is a figure showing a relationship between drying time of the coating
and spinning speed. The coating thickness measuring mechanism 24 measures the

25  coating thickness of the coating W just after drying and outputs a signal indicating data



measured result be applied to a disc substrate to be coated next, and it is
appropriate that a neasured result be applied to a feedback operation of a
di sc substrate currently being coated. In accordance with the constitution
of FIG 13, it is possible to build the coating 10 thickness measuring
mechani sm 24 in the spin-coating apparatus, therefore, it is not needed to
provi de the coating thickness neasuring 2?echani sm 24 i ndependently fromthe
spi n-coati ng apparatus, and there is an “ddvantage to make the apparatus

smal ler. | nofpe %&ﬁingfthif: R BndaGtin B KRANR ok Ritdnist] 24.NALERWATA

t hi ckness neasuring nechanism 24 t0 a rotation operation of a currently
coating dis b 15 coat i i | [ 1 .t hout
contacti ng %@?éaﬁéﬁgr%&tﬁem%gﬁ uf ﬁ%ﬂlggo#‘%%a?g%éggu%sﬁgf@ﬁ%gﬁ t he coating
t hi ckness is qQut of redet erm ned .range, the slope of . spinpi speed of
Lhe di so. subedrisranes aBes ol the poning hiress itaipgsition LT na rediubof e dda° 01
measured results of the coating thickness, it is possible to operate

f eedback cosuhstatef), the coabegrhickness detectioronedhayismiASaiutpusthe thacksimalni®s, one di sc
substrate, therefore, there is an 20 advantage in which it is possible to

f 1 exi bl y§s manhih indicdtessthatshelcharing Bacigess exfeedo tierupper limkit 60 the ptedeteiminedse i s
expl ained below FIG 7 is a figure show ng changes of coating thickness

al ong a rad%&ﬁge.Of%Qﬁme%ﬁﬁtdrS'ﬂ'amﬂﬂ‘?g tibanSm! 27 rdcdivéd'{hi8 cRRL UG B, as

rel ati onshi etween drying tinme of the coating and spinning speed. The

coating thi . i ' : 5 C | I ckness
of the coat ?leﬁ?taéa etsgébeg’r?&ﬁng ngggégﬁ@@igéﬁgg}é%ggﬁ%%gﬁ%g%%@data 26
of the coating. thickness ta.the coating thicknes et ection .mechanism 25. As
Shown' i - Fieating ot paeont ot dhe st S betAE R TOR: e e SHRTRG PO
upper limt of the predeterm ned range of the coating thickness at a

posi ti on LI slope of thespinsing speed &1 antilpostion 41l anddhesloptef the spinming speed imess

detection nechani sm 25 out puts the check signal S3,
10 changed to v2 at position L1. It should be noted that a generally used mechanism which

uses reflection of light or the like is appropriate for the coating thickness measuring
mechanism in this case, and the coating thickness measuring mechanism measures the
coating thickness along the radius continuously or at multiple predetermined points
during steps of forming the coating on the disc substrate D.

15 When the disc substrate is spun at the slope of spinning speed v2, if the coating
thickness does not exceed the upper limit of the predetermined range, the coating is
formed along with maintaining the slope of the spinning speed v2. However, as shown
in FIG 7, when the coating thickness exceeds the upper limit at position L2, the slope of
the spinning speed is changed to v3 at drying time t3 of the coating at position L2 of the

20  disc substrate. As described above, in this embodiment, during steps of forming the
coating and while forming the coating, the coating thickness is measured, and if the
coating thickness exceeds the predetermined range, the slope of the spinning speed of the
disc substrate is changed in real time even though the coating is formed.

In this embodiment, there is a time lag between a detection of irregularities or

25  errors of the coating thickness and a feedback to the coating thickness control, therefore,



5 which indicates that the coating thickness exceeds the upper limt of the
predeterm ned range. Wien the spin programm ng nmechani sm 27 receives this
check signal S3, as shown in FIG 8, the sl ope of spinning speed is changed
to v2 at drying time ti of the coating at position LI of the disc
substrate. Therefore, the disc substrate is spun at the slope of the

spi nning speed vl until position Li, and-the slope of the spinning speed is
10 changed to v2 at position LI. It should be noted that a generally used
nmechani sm WRii€preferfitdro dbidi® e trlafifin B séttigthe Predetefminked fanigs ofhiRicOftirigat e for the
coating thickness nmeasuring mnechanismin this case, and the coating

t hi ckness W@gﬁﬂ.ﬂ@ﬁhﬁ%ﬁﬂ%ﬂ&[ Jlﬂ’th@éb%ﬁﬁ%&iéﬁk&‘%ﬁgr%? cBhRdifing N

radi us continuously or at nultiple predeterm ne ol nts ng ste of
form ng the coati on the disc subsirat . +LD en the disc bstrate is
spun at thesE%B%Q%P'e 5?‘1#:‘”&%“- HPREL gF \PYver ﬁwﬁtq{i"e&\é\é\tﬂﬁiﬂgﬂﬁfﬁﬂgﬁﬁ does not
exceed the upper limt of the predeterm ned range, the coating is forned

al ong with FRAUAE HHiEkNEEs-t he sl ope of the spinning speed v2. However, as shown
in FIG 7, when the coating thickness exceeds the upper |imt at position L2,

t he sl op® oA fourdecrabidimemtg speed is changed to v3 at drying time t3 of the
coating at position L2 of the 20 disc substrate. As described above, in this

enbodi nent, duri nFIG ®R% figuré sHoWinga tdistitution bl Henating fovaineapparatis2g0t he
coating, the coating thickness is neasured, and if the coating thickness

exceeds the,Quedahiecdb eﬁt%?%’a;iréﬁﬁtiﬁb%npfCﬁﬁkﬁuﬁﬁh'lmn{bﬂtﬁ%ﬂgdﬁi the

di sc substrate 1s changed I1n re tinme even though the coating is forned. In

thi s enbodi t here is,a . I et ween a detection of .i ularities
or 25 erro?"éelﬂélFeW%fﬂJ%ﬁs ‘Pﬁ%@%ﬁ?’easﬂﬁ‘ego?séﬁgﬁ’&?ie’?e&q%é“ Egg | ng

t hi ckness control, therefore, 27 it is preferable to obtain a pargin by
setting t hel"}:)‘i1 hodiment, GoaHREdryingspRsog g%ﬂaﬁﬁmﬂhogkﬁ@@t@m*bﬂm%an a
real allowable range of the coating thickness and by controlling spinning
bef ore t@ach$.rwhie quﬂpélon‘ommtwlvdljﬁbnﬁmng)de\ﬁmsu@ms light esvitlisigadiedenge of the

arranged in a line, and a light receiving element 17, which receives light generated by the
light emitting devices and reflected by a certain small area of the coating and which
generates an clectrical signal corresponding to amount of received light, is used.
A mechanism for detecting drying of the coating is the same as described in the first
15 embodiment, therefore, a description is omitted.
In the embodiment of FIG. 2, the array of light receiving elements, in which
multiple (for example, 100-2000) light receiving clements are arranged along the radius
of the disc substrate, is used, however, in this invention, it is appropriate to apply a
structure in which, for example, as shown in FIG 15, a number (3 in an example of the
20 figure) of drying detection mechanisms that correspond to a number of steps of spinning
control are provided. Positions where the drying detection mechanism detects drying
along the radius of the disc are not limited, however, generally, it is preferable to apply 3
or more positions. When the drying detection mechanisms are set at 3 positions or more,
with respect to generally used discs, it is possible to control the coating thickness with

25 enough accuracy. It should be noted that, in this embodiment, it is possible to apply the



coating thickness. 5 A fourth enbodinent FIG9 is a figure showi ng a
constitution of a coating form ng apparatus 200 wused in this enbodi nent of
the present invention. Constitution elenents referred to wth the sane
nunerals as in FIG 2 are the same constitution elements as in FIG 2, In this
enbodi nment, a coating drying sensor 19 made from both a radi ati on nmechani sm
10 | 5, Wmch is made frommultiple Ilght ggm tting devices such as light
emtting diodes arranged in a line, a light receiving elenent 17, which

receives | i yplit coiinidpaicRid d@!hetlh@toﬂteggghtaﬂitﬁﬁg deFictand 6espplythe phbloalidded by a
certain small area of the coating and which generates an electrical signal

cor r espondi B&hE‘Pik@M%ngreEﬁﬁﬂé\ﬂ%ﬂnehﬂ ght, is used. A mechanism for

detecting drying of the coating is the sane as described in the first 15

enbodi nent, theref k . t of FIG 2,
the array of Iightﬂ{es&n%féég%egk% i tﬁe ﬁﬁ'@n""*“&%ﬂ‘w;‘rggﬁ?"gh g>.<'arrpl e,

100- 2000) Ii ght ceiving elepents are arranged al ong the radius of the

di sc substrH eFlil ghﬁﬁmmmqeﬁmﬁpgnm%htm%d&ﬂent@w ebyrendhe o
apply a structure in WhICh for exanple, as shown in FIG 15, a nunber (3 in
an exanpbe ofatingbefore m@ﬂee)inmig dr@ﬁm;ndlé!eéu‘:dnmgrwhdmgsmlnﬁhmﬂmrespond

to a nunber of steps of spinning control are provided. Positions where the

dryi ng det egighslnfterdiying foref@hple! 0%loymog. Al divigg jldpniedtnechagfsni Tle di sc are
not limted, however, generally, it is preferable to apply 3 or nore

posi ti ons. ganf:shﬁe %Mbﬁ&‘ tﬂ@h?ﬁzﬂi RBmTRERAN &éd&ﬁn?gf Qe l?tto§ %Etef-daﬁ

nore, Wwth respect to general used di sCs, I'S possible o contro the

cmbodi et ¢ Ctﬁpgsﬂeﬂ%ﬁﬂﬁﬁ%@o%pﬁ%‘%%%d‘ P%ﬂ%‘gt'ﬁr%’f it

to the light emttin dewce and t t he phot.o di.ode r the like to
the |ight gré@ém‘?m‘l@ 1 generates (t?he cPrymg signal §)1 whnch?smput to 813

10  programming mechanism 27.

In this embodiment, the coating thickness measuring mechanism 23 and the
coating thickness detection mechanism 25, which have the same functions as in the first
embodiment, are used too, and the functions and the operations of these elements are
already described, therefore, their descriptions are omitted. It is possible to form the

15  coating in accordance with the same method described above by applying the drying
judgment mechanism 31 and the coating drying sensor 19 which is constituted from both
the light radiation mechanism 15 and the light receiving element 17.

It should be noted that, in this embodiment, it is appropriate that the light

radiating devices and the light receiving elements be arranged with a certain gap or

20 interval, and it is appropriate that they be arranged without a gap or interval, Itis
appropriate that the light radiation device is a single lamp which has the same length as a
length from the inside edge to the outside edge of the disc substrate. The light receiving
element receives only the reflected light from the predetermined small area on the
coating of the disc substrate.

25 In the embodiment above, an example in which the light receiving element



The signals generated by the |ight receiving el enent 17, which receives
reflected light fromthe predeterm ned position (point), have different

val ues between the 5 coating before and after drying. The signal before
drying has a larger value than the signal after drying, for exanple, 10% or
nore. A drying judgnment nechanism 31 conpares the values of the signals
fromthe light receiving elenent 17 to predeterm ned value, and when the
val ue of the signal exceeds the predeterm ned value, the drying judgnent

nmechani sm 3gecdlohatedected ﬁFﬂtrﬁﬂnﬁl the ot is Sxplainkd, hBwever] d3RHéwA th F1tE14,0
progranm ng nmechanism 27. I'n this enbodi nent, the coating thickness

nmeasuri ng EJ] ﬂ!@ g 3 | gﬂ*@' 8 i | 25,
whi ch haven‘? e g %ﬁ%@?&o’?@?gﬁﬁ&%ﬂe |lrlst ?n%’ggﬁa?r%%tagﬂarﬁ%&g%ﬁ:noo, and
t he functiops_and i he, operations .of f.hese elenents al rready descri bed,
therefore, {’]%@F?wﬂ}es @@B@[‘Srﬁ“‘gr"«ﬁbﬁ#‘ﬁs@ ?“qﬁsrlf?ed%@éﬁm%p?lgcﬁ%ﬁet he 15
coating in accordance with. the sa?*e nmet hod descri bed aboye by atﬁgl.yi ng the
drying | udt@entndabuastall visible rays of pormal wayslengthyarg trapsmigad trough hgdise | s
constituted fromboth the |light radiation nmechanism 15 and the |ight

recei vi rfig esubswpate. 1Moreoverstho abatingeV has 2thin thicknedshat id generalipilment , it is
appropriate that the light radiating devices and the |ight receiving

el ement s bethefefer8aesbriibr &F Vasible rdyaiof tigaiorasl wallengthes adsmitdiithidugh she
appropriate that they be arranged without a gap or interval, It is

appropriate h I LAt ' | i VY el s the
sane | engt hCJggﬁ%W‘l Slgllét‘ trogﬁmtv%tééclgﬁgﬁgﬁgﬂhgggg%Wﬁggg@tdg?‘%g‘dggé@% t he
di sc substrate. The,,l.i ght receivi el.enent. recei vies,on the. refl ected
[ gt 1 rom R ey fRershEOGiiin e paRuREF Seto 5o e M fnerhEing RS
substrate. 25 In the enpodi nent_above, an exanple in which the |ight
recei vi ng g fight 1 ansmitied mpEe aftgy V’Sfdpééfl@ﬂ%ﬁ gating bedorerbsingdnigdi ng i s
expl ai ned, however, as shown in FIG 14,

10  Therefore, it is possible to detect drying of the coating similarly to the first to third

o

embodiments even in a case of detecting the light transmitted through the coating.

Upon using the transmitted light through the coating, with respect to the
apparatus in FIG 2 or FIG. 9, it is appropriate that the mounting table 7 be formed from a
transparent material (for example, glass, ceramics, plastics or the like) shown in FIG. 14,

15  and the light radiating mechanism 15 (or the light receiving mechanism 17) be set on the
upper side of the mounting table 7 along with setting the light receiving mechanism 17
(or the light radiating mechanism 15) under the lower side of the mounting table 7.  Or,
it is appropriate that the light radiating mechanism 15 (or the light receiving mechanism
17) be set inside the mounting table 7.

20 In this case, when the amount of light received by the light receiving
mechanism is equal to a predetermined value or more, it is possible for drying to be
confirmed or determined.  Or, it is naturally appropriate that one of the light emitting
mechanism or the light receiving mechanism is set so as to face a horizontal direction or
is set in parallel with the surface of the disc substrate and the light is refracted by a mirror

25 oraprism.



it is appropriate that the light transmtted through the disc substrate D
and the coating W be received. Generally, many of the disc substrates D are
made from pol ycarbonate resin, and alnost all visible rays of nornal

wavel ength are transmtted through the disc 5 substrate. Mreover, the
coating Whas a thin thickness that is generally 0.1m therefore, a portion
of visible rays of the normal wavelength dis transmtted through the coating
W The inventors have recogni zed that t anount of light transmtted
through the coati e t ng dried
and after bei ng drl?g Azt?legéféaﬁ%eﬂasp r%ﬁgﬁ#l}%%f;ﬁﬁa’gﬂ gsmjlr?g'g{drl ed than
the coating.b ebe| 10.Therefore, it. pSSIb| to det

dryi ng of tH’é%Egl?ﬁ'Pﬂ t&%rﬁﬂ? ?Ia§/d?58“?%gahf’?’?’§’y°?5mltw“ig @?Sbﬂfjﬁ@%w cg‘ven in a
case of detecting the light transmtted through the coating. Upon using the
transni t t edtheidigisubsiiataiins @ﬁ@%ﬁ?ﬂ@"ﬁ?@?ﬂtﬁ&%@@ﬁ"@tb hyrsetting the ights i n FI G
2 or FIGY9, it is appropriate that the nmounting table 7 be fornmed from a

t r anspar ent radition meich{rfism oelightdceiving mechanismrinsidethe mpluating ablepand e | i ke)
shown in FIG 14, 15 and the light radiating mechanism 15 (or the |ight

receiving m&a@m 7r):cd?ﬁn%ﬁ{ecl§ﬁih§|ﬁ1@r e [ght radiatforbedhafisiathé Bpek sigke 7
along with setting the I|i gh recei ving nmechanism 17 (or the | ght radl ating

mechani sm 1 t

appropri at egﬁwgwﬁhﬁ#ﬁ% a%?eﬁggrngte%ﬁgﬁ%%oi# k’ FI g% r ece| VI ng
mechani sm 17 set untin tabl e 7 In.this se, when the
amount of 1 P %ft*‘?%fegwa'éa?%@wé'ﬁﬁf e mechan méﬂa?ﬁegvma@ AR (o
predeterm ned, value or nore, it is_possible for rying to be confirmed or
det er ni ned. inside the mpuntingitahle iy lypaifmlwrm!yevmna% stawﬁlr@fwlu%hwe@lma@m tting
mechani smor the light receiving nechanismis set so as to face a horizontal

di recti on obeenipsoprsed omsugpestddl e Fonéxampld)é is apprepriatesthatt dwetating and slidhing at e and
the light is refracted by a mirror 25 or a prism 30

10 mechanism which is not shown in figures be attached to the end of the spin shaft 11 in

FIG. 2 or 9, a power supply line (not shown in figures) lead from outside through inside
of the spin shaft 11 be connected to a fixed portion of the rotating and sliding mechanism,
and a power supply line (not shown in figures) connected to the light radiation
mechanism 15 or the light receiving mechanismn be connected to a spinning portion (not
15 shown in figures) of the rotating and sliding mechanism.
It is appropriate that drying be improved by blowing hot gas on the coating of
the disc substrate or irradiating infrared along with detecting drying.
With respect to a means for detecting drying of the coating material coated on
the disc substrate, it is not limited to only a means of detecting changes of transmittance
20  orreflectance described above, and it is appropriate that a means which detects other
physical characteristics, for example, changes of electrostatic capacitance of the coating,
changes of the weight, changes of electrical conductivity, changes of transmittance or
reflectance of energy rays other than light, or the like, be used. For example, in a case
of detecting the electrostatic capacitance, it is appropriate that one or more electrostatic

25  capacitance sensors be provided close to the coating and a position of a boundary of



It is possible to realize a case in which the |light radiating mechanismis
set inside the nounting table 7 as described above, by constituting the
upper side on which the disc substrate Dis nounted froma transparent

gl ass substrate, by setting the light radiation nmechanismor |ight

recei ving nmechani sminside the nounting table, and by 5 setting the |ight
recei ving nechani smor the |ight radiat%gn mechani sm on the upper side of
the nounting table. In this case, for a“Structure in order to supply the

electrical amQa bd QBRI BahlR of W cclBHA dafeitiR 'm,odrgﬁplge i ght

recei ving mechani sm insi t he nmounting table, S possible to ly

various strycture i br. e {. Fqr

xcarpl o, i 1 ThAcHESE s BT S Appopri S aRio 5 e Bbr BT RLAR el o 1
not shown in figures be attached to.the end of the spin shaft ] |1 in FIG 2
or 9, a powkll st shempynting tahle ot %‘F‘E%Skle?‘"gsﬁ}‘@é}”ﬁ’@i € i eFdei9tdetedt ¢ hr ough
inside of the spin shaft 11 be connected to a fixed portion of the rotating
and sl i di ngchapgdsadirgtation moment. power supply |ine (not shown in figures)
connected to the light radiation nechanism 15 or the |ight receiving

mechani sin be conndg threnibddaAnenhns dbove ghocuatin®material wHioch fiehwmias solvédnt grir es)  of
the rotating and sliding nmechanism It is appropriate that drying be

i mproved byyQli@w dasteld 3hd BaBie@B AR | | S¢n fhidppdset © or
irradiati nglnlmrllf #adraed g{‘oﬁ?l\?vi t#’gg?ectl %Hgggrr%?tnéémt\}\{i’at hﬁ% es eéqtﬁt 0 a neans

¢ s oot 1 farieh E3ingling s R apSbThichin SR e oy BRermbiSSh Sl once 20

or reflectance descri bed, above, d il is approprjate that a neans which
detects ot h@F‘"ﬁgw"&EngWé'ﬂ Y?tae‘ioﬁgt i t@%’efgﬁ Ré&%‘??ﬁ‘l" 10 applY dhasprggent

el ectrostatic capacitance of the coating, changes of the weight, changes of
el ectrical inyentiontto gicasg in whichgdwabhardeningiesinon a encogy ray datdesing mesan isf  ener gy
rays other than light, or the like, be used. For exanple, in a case of

det ecti Iy t heedfrantthoinkide edgecaircotsidealge iafied spirsguatingr i at e t hat one or nore
el ectrostati c 25 capacitance sensors be provided close to the coating and a
position of a boundary of




31 dried area be detected based on changes of the electrostatic capacitance
caused by drying. In a case of neasuring weight, it is appropriate that
detection be operated by using a load cell set at the nmounting table or by
using a skew sensor or the like in order to detect changes of rotation
nonent. 5 In the enbodi nents above, the coating material which includes
solvent or liquidis coated and is dri by volatilizing the solvent or
liquid. In the present invention, drying includes a phase transformation in
whi ch, for exanple, a hardening resigiaigppes fromliquid to a solid.
Therefore, it is possible to apply the present invention to a case in which
a heat-hardening resin or an energy ray hardening resin is 10 cured fromthe
i nside edge to the outside edge after spin-coating. 32 CLAIMS 1. A disc

producti on od conmprisin step.of formng a coating on a disc substrate
by drying tﬁaﬁai’f%&m@? °@°%@fﬁ"}$g a coating material while the disc
substrate is spinning;, a step of detecting noving of a boundary between a
dried area and a victtepefdarmiag acpatingoms diss substrate By dyyingthegoating aftery of
measuring a distribution of a coating thickness after drying; and a step of

cont r ol | 5 ngcaatinpiarnating maessl wiiletthedist sibsteatbistspainimgbased on a 10
rel ati onship between the noving of the boundary which is detected and the

di stribution of tMe;_m@Je}]e&ﬁn% J%Giﬁg%?ﬁ baundarythetwedd Pdlitatdk @ indRWRdredc coOr di ng

to claim1, wherein: in the step of detecting the noving of the boundary

bet ween themqmeecg?ﬁﬂege@gﬂ?gpimﬁﬁgt he wet area on the coating that is spinning,

a drying tine of ati'ng 1's neasured at

a step of measuring a distribution of a coating thickness after drying; and
a step of controlling a spinning speed of the disc substrate based on a
10 relationship between the moving of the boundary which is detected and the distribution

of the coating thickness.

2. A disc production method according to claim 1, wherein:
in the step of detecting the moving of the boundary between the dried area and
15  the wet area on the coating that is spinning, a drying time of the coating is measured at
two Or more measuring points along a radius on the disc substrate; and
in the step of controlling the spinning speed of the disc substrate, the spinning
speed is changed when the drying time of the disc substrate corresponding to the
measuring points passes after starting spinning the disc¢ substrate.
20
3. A disc production method according to claim 1, wherein:
the step of detecting the moving of the boundary between the dried area and the
wet area on the coating that is spinning comprises:
a step of detecting a drying state of the coating at a plurality of points

25 one by one from inside to outside;



two or nore neasuring points along a radius on the disc substrate; and in
the step of controlling the spinning speed of the disc substrate, the
spinning speed is changed when the drying tine of the disc substrate
corresponding to the nmeasuring points passes after starting spinning the
di sc substrate. 20 3. A disc production nmethod according to claim1,
wherein: the step of detecting the nnviqg of the boundary between the dried
area and the wet area on the coating thHat is spinning conprises: a step of

detecting a drying state,fenbPferfihy Bt @dhrify Midthdsidng of points 25 one by
one frominside to outside; 33 a step of measuring the coating thickness;

and a step of detecting gsagioPhedlils iR ol ioiE Uhele e £ORRE N0

t hi ckness of the coating i's*ou m nea range, erern in the
step of contrqlling the spinning.speed of the disc substrate, the spinning

5 speed of %ﬂﬁsﬁm{‘&éﬂsé"’f&%ﬁﬁ&ﬁ%‘%ﬁ“ﬂ%@’ﬁﬁrﬁﬁhdary bet ween the dried
area and the wet area on the coating reaches the point_along the radius
wher e the coati ng inthecsignafsopyrolling the spianinggpeed of the disc subatrate, dbpespinniig ed
range. 4_ A disc production nethod according to claim1l1, wherein the

cont r ol | § ngspekd bhithe discsubstrgte i{ Chanpedwhersthe penraiandbdmyeanthe drictharaa s the pr ogr am
whi ch controls a notor for spinning the disc substrate 5 A disc production

met hod accow} diga btk \cBitiflgreactiBSIhe pbint ﬂoﬁ%ﬁleﬁcﬁﬁs @herd @le2GhtifiOthidkBesRY N9 Of
t he boundary between the dried area and 5 the wet area on the coating, the

boundary is‘h(g%ﬁﬁ{ﬁgg?‘@ﬂ@%ﬂ?dﬁémﬁﬁ%&?e of reflectance and transmttance

of the ‘coating ag
4. A disc production method according to claim 1, wherein the controlling of the spinning

10  speed is operated by changing a spin program which controls a motor for spinning the

disc substrate.

5. A disc production method according to claim 1, wherein
in the step of detecting the moving of the boundary between the dried arca and
15  the wet area on the coating, the boundary is detected by using at least one of reflectance

and transmittance of the coating against light,

6. A disc production method according to claim 1, wherein
in the step of controlling the spinning speed of the disc substrate, the spinning

20  speed is controlled in order to maintain the coating thickness in a predetermined range.

7. A disc production method according to claim 1, wherein:
both the step of detecting the moving of the boundary between the dried area
and the wet area on the coating and the step of measuring the distribution of the coating

25  thickness after drying are operated on a n-th (n is an integer and is 1 or more) disc



6. A disc production nethod according to claim11l, wherein in the step of
controlling the spinning speed of the disc substrate, the spinning 20 speed
is controlled in order to maintain the coating thickness in a predeterm ned
range. 7. A disc production nethod according to claim1l1, wherein: both the
step of detecting the noving of the boundary between the dried area and the
wet area on the coating and the step of jgeasuring the distribution of the
coating 25 thickness after drying are operated on a n-th (n is an integer
and is | orgsybetr@e; shdsc 34 substrate; and the step of controlling the

spi nning speed of the disc substrate is operated on a n+a-th (nis a fixed

integer and is | tral “st?ﬂfg | bRt i od
according to cl ai %ﬁ%ﬁ%}rﬁgm?he 'Eep ospg%(ﬁ?feﬂc%t?ihg&mvi ngmbq‘c&?%{em{)%undary
bet ween the_drj .area and the ,.wet area ,on.th oating, the step of

measuri ng tﬂ'ga'g'ie(gt‘?f‘ﬁﬁ?‘?‘&ﬂeggﬁ‘m’tdﬂy%gﬂe Slsfﬁ\‘l&sﬁﬁ%Ss after drying and the
step of controlling the spinning speed of the disc substrate arc operated
on a sanme disc substrate. 10 9. A disc production apparatus conprising: a
spi nni ng mechani sm whi ch spins a disc substrate; a coating nmechani sm which
coats a ToadiAdiseprodudtion methedaccoiding to whimawberem: dr yi ng det ecti on nmechani sm
whi ch detects noving of a boundary between a 15 dried area and a wet area
on the coating durtheigesof detdctifig mavingaif tiethoufiday baseentha dried aga apd thani sm

whi ch neasures a distribution of a coating thickness after drying; and a
control  meciapirgfy{he ¢Barpiht Slep of meRduril Wt ARABGidA of thicoating thidkasds at
after drying and the step of controlling the spinning speed of the disc substrate are
operated on a same disc substrate.
10
9. A disc production apparatus comprising:
a spinning mechanism which spins a disc substrate;
a coating mechanism which coats a coating material on the disc substrate;
a drying detection mechanism which detects moving of a boundary between a
15  dried area and a wet area on the coating during spinning;
a coating thickness measuring mechanism which measures a distribution of a
coating thickness after drying; and
a control mechanism which controls a spinning speed of the disc substrate

based on a relationship between the moving of the boundary which is detected and the

20  distribution of the coating thickness.

10. A disc production apparatus according to claim 9, wherein:
the control mechanism comprises a spin programming mechanism comprising
a spin program which includes a plurality of spin patterns that show characteristics

25  between spinning time and spinning speed of the disc substrate; and



based on a relationship between the noving of the boundary which is detected
and the 20 distribution of the coating thickness. 10. A disc production
apparatus according to claim9, wherein: the control mechani smconprises a
spi n progranmm ng nmechani smconprising a spin program which includes a
plurality of spin patterns that show characteristics 25 between spinning
time and spinning speed of the disc sub%grate; and 35 the spin progranm ng
mechani sm when the spinning speed needs'to be changed during formng the

coating, changes thesphPprdoghirhih thedhdrim,aviRAThd dpihiNg§leed hé¥ds (B NNi Ng speed
needs to be changed. 5 11. A diSc production apparatus according to claim

10, wherei Ne alﬁngﬁd@%ﬂx ifglgni{,lggﬁlgpm, gmgég&lgg%ﬁ%@&ﬂlaﬁ £ foﬁﬂ&r@thget ection

mechani sm ares coaf’l ng ness data wth a

predeterm ned coating thi ckness range and which outputs a check signal that
i ndi cat es wiATHE% slfeﬁgnﬁ%gq Eegalﬂﬂg“cdﬁness is inside the predeternined coating

t hi ckness range along a radius of the disc substrate or 10 outside; and the
spi n progranmm ng mechani sm changes the spin pattern when both the check
signal and a drying signal fromthe drying detection nmechanism are received.
12. A disc ph dddise produckiop apparatss aconling toglaim 16| wherei@; wherein the drying
detection 15 nechanismis an i nage processing apparatus. 13. A disc

production appar athécoaaHidiknessiRedsiritg tnéshalishr dimpricsea dbtaction mehesm on

mechani sm conprises: a coating drying sensor conprising: 20 a |ight
Facerving neuha apaRhty bt g fiplrs iyl E pRAREhfifed Pifing Titk-RY
range and which outputs a check signal that indicates whether the coating thickness 1s
inside the predetermined coating thickness range along a radius of the disc substrate or
10 outside; and

the spin programming mechanism changes the spin pattern when both the

check signal and a drying signal from the drying detection mechanism are received.

12. A disc production apparatus according to claim 9, wherein the drying detection

15  mechanism is an image processing apparatus.

13. A disc production apparatus according to claim 9, wherein the drying detection
mechanism comprises:
a coating drying sensor comprising:
20 a light radiation mechanism which radiates light on the coating; and
a light receiving mechanism which receives light reflected from the
coating or light transmitted through the coating; and
a drying judgment mechanism which outputs a drying signal when an amount
of light received by the light receiving mechanism reaches a predetermined level.

25



coating or light transmtted through the coating; and a drying judgnent
mechani sm whi ch out puts a drying signal when an anmount of fight received by
the light receiving mechani smreaches a predeterm ned level. 25 36 14. A

di sc production apparatus according to claim 13, wherein the light radiation
mechanismis a | aser generation nmechani smwhich generates a | aser beam or a
light em ssion diode. 5 15. A disc pro%gction appar atus according to claim
13, wherein the light receiving nechani"Smis an inmage processing apparatus

conpri sing : é@ J tal Set. ASiaEEN an
i nsi de edge?]‘faiﬁll;‘gﬁfatﬁI outdgllbagp gg?%@ﬁﬁ%g E&%@‘“Z‘Sb‘é’ & gi,?glc@ﬁaa pfdtﬁ{real ity of
phot o di odes arranged.al ong a.radi of ttﬂe di sc subft r%t e. .

mechanismis 2 laser geheration mechanism which generates a laser beam, or a light

emission diode.

5 15. A disc production apparatus according to claim 13, wherein the light receiving
mechanism is an image processing apparatus comprising a CCD camera, a CCD sensor
in a strip shape set between an inside edge and an outside edge of the disc substrate, or a

plurality of photo diodes arranged along a radius of the disc substrate,





