METHED~AND: APPARATUS FOR PROCESS CONTROL FI ELD OF THE | NVENTI ON BACKGROUND

OF THE | NVENTI ON 5 The pr esent I nvention rel ates to t he
i nvestigation of processes carried out on optical naster disks, being
‘mast er_ di sks for producing e.g. Conpacty Di scs or Laserdiscs. It relates

bot h’ to oTan-apparatus for investigation of optical master disks 10 and to a
met hod of investigation of gptics! aNBSAPPARAPES. FERMVARY OF THE PRI OR ART
Optical disks, for exanpl e Conpact Discs or Laserdiscs, are commonly

manuf act ur ed by carrying out 15 proouEsbecoRTROBSt er.i ng and replication
processes which are broadly as follTows. Firstly, a flat, polished gl ass
master disk (typically 240 mmin diameter and 5-6 mmthick) is coated with
a thin, uniformlayer (typically 130 nm 20 thick) of positive photoresist.
‘Next, a beamPIELD @ T INVENTION focused to a small spot on the coated
glass surface by passing it through a microscope obj ective-type |ens of

hi gh nunerlcéEEHﬁﬁﬁlﬂﬂh_gﬁhﬁﬂﬁaiﬂﬁﬂﬂﬁﬂﬁ!|s modul ated in 25 accordance wth

an electrical signal which is derived from and representatlve of the video,
audi o, or Sother d&hesigRFesgitth | inVengdonecorkRIPLEH roitRt i ngthPe 2

investigation of processes carried out on optical

master disks, being master disks for producing e.g.
Compact Discs or Laserdiscs. It relates both to an
apparatus for investigation of optical master disks
10 and to a method of investigation of optical master
disks..
SUMMARY OF THE PRIOR ART
Optical disks, for eéxample Compact Discs or
Laserdiscs, are commonly manufacthied by carrying out |
15 a number of mastering and replicatiqn processes which
are broadly as follows. . _
Firstly, a flat, -polishea glass master disk
(typically 240 mm in diametér and 5-6 mm_thick)-iéw
coatéd with a thin, gniform layer (typically 130 nm
20 thick) of bositive-photoresist.l |
Next, a 5eam of blue laser light is focused to a
small spot on the coafed glass surface by passing it
through a microscope objective-type "lens of high
numerical aperturé. The laser light is modulated in
25 accordance with an electricél signal which is derived
frdm aﬁd representativg of the video, audio, or otﬁer

data sighal.whithis to be recorded. By rotating the



glass disk while at the sane tinme inparting a radial notion between the
poi nt of focus of the laser light and the axis of rotation of the disk, the
nodul ated |ight spot is nade to trace out a spiral track on the 5 coated

gl ass surface, starting at a small radiys and working outwards. A |atent
imageéesis-tshus fornmed in the photoresist |ayer, consisting of a series of
exposed and ugasspesseadgorihiils @€ the spmealtimeacimpailreingtahra@ibhe spiral
is typically 1.6 pm The edges 10 of the exposed areas are not sharply
defined; becamediime Hegmesad thehpoipst oifs foglust vk i Elhe ylasetr ddghan-
limted, it has a rounded intensity profile. The next step is to devel op
the | at ent i magsl  the saxisdode uptarioni af the Gigkd thef redulatedls
contact with a developing fluid (e.g. an aqueous devel oping sol ution),

usual | y by rotiddy SBRE gisifwede EOhBW%n?aF Bl ERéTpdodTashs ory dbe

uppernost) while a stream of developing fluid is dIS ed gnto it, so t hat
the {1ur g Sor GRR° cof 9198 BHEESER: AGFORIING P 8 cTBALTAFPPHRLAPDI 1 ( he
edge of the di s The

| | h d f th
hotoresi ot cORTHPnSEEREIRRg MhichiFERE SRP e, EnaReTpetd® cas,

;gygrggi;ge $|UI% g%ﬁgprogre53|v§$§ attggk Qﬁ:r%ﬁg%g?25|s? é%e pp%s are

initially r0W¥K£058d06985dﬁ%ﬁﬁé&b&nbbktiﬁﬁéMB¥f%ﬁ@'%%m%%&(¥r56W
.phot oresi st | ayer has been dissol ved t he nost highl y-exposed area (the
centre) of eachhe pitch of the spiral is typically 1.6 pm. The edges
10 of the exposed areas are not sharply defined; because
the focused light spot is substantially diffraction-
limited, it has é- rounded intensity pro_filé.
The next step is to develop the latent image.
This is done by bringing" the coated surface into
15 contact with a developing fluid (e.g. an aqueous
developing solution), usually by rét_ating the gléss in
a horizontal plané (éoatéd surface uppermost) while a
stream of developing fluid is dispensed onto it, so
that the fluid spreadé out over the surface and is
20 eventually flung off lthe edge of the disk. The
developing fluid dissolves the exposed areas of the
photoresist coating while having much less effect on
the unexposed areas, so that the exposed areas become
pits in the coating. As the developing. fluid
25 progressively attacks the photoresist the pits are
| initiaily rounded in cross-section until the whole
thickness of the photoresist layer haé been dissolved

in the most highly-exposed area (the centre) of each



3 pit. Fromthen onwards, the flat central part of the pit bottom (defined
" by the glass surface) expands while the pit walls recede and becone
st eeper. The devel opnment process does not continue 5 unchecked, but is
deliberately curtailed at a point where 4he pits are of a suitable size.
Contra@l of-the pit size iss inportant because-it affects the playability of

the di sks evepigal | romdenn difvdddseSthe | PLABI EbAtran Pas-tregnithede and
symmetry of 10 the reproduced signal waveform A further object of

curtailing depékoppettonn (defined iy t chensglasshaiurtfece)t expdmisar e not
too steep, as otherwise they are difficult to reproduce in the subsequent
pl ati ng and mehlidienthe qodas sesll4d5recede bhady besoeas stdepdre. nast eri ng
process, including the behaviour of the pit shape during devel opnent, are
di scussed i n Princifiiees devepopoeintD spr@yessns 'doasii t othy corBuiiweli s
(Adam Hi I ger, 1985). The width of the pits is typically 0.5pm while 20

t he | engt h® ofunghegked, Jhutofis (ielbheratedywadirtaieledl akg & mointck are
vari abl e, the recorded infornmation_being cqontained in these var

| engt hs. The “R&retheiidis ArgPhr - tRRIe FH8e pr JeRtrel ‘Pélggﬁ%al lise

t he devel oped surface of the naster. 25 disk, usually, wt I l.ver or nickel.
This renders tHiet suPt&Be dohdubPPOETalNq Zﬁelciﬂhksea s%ﬁstf&ﬁeﬁtﬁ upt®® 0. 3
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process, in particular the magnitude and symmetry of

10 the reproduced signal waveform. A further object of
curtailing development in-this way is to ensure that
the pit walls are not too steep, as otherwise they are
difficult to reproduce in the subsequent plating and

moulding proCeéSes.

15 Many aspects of the mastering process, including

the behaviour of the pit shape during development, are

discussed in "Principleé of Optical Disc Systems",
edited by G.. Bouwhuis (Adam Hilger, 1985).

The width of the pits is typically 0.5pm, while

20 the lengths of the pits and of the spaces between fhem

along the.track are Variable, the recorded information
being contained in these varying lengths.

The last principal stage of the mastering process

is to metallise the developed surface of the master

25 disk, usually with silver or nickel. This renders the

surface conductive, and allows a substantial (up to

0.3 mm) layer of nickel to electroplated onto it.

This nickel layer can then be separated away from the



4 glass intact, and fornms a netal master or father. In subsequent

el ectropl ating and separating stages, replicas of the netal master can be
made. These replicas (known as stanpers) are then used as 5 one surface of
the mould in an injection (or injectiona/conpression) moul di ng

machirne. Al ternatively, the netal master itself can be so used. In either

case, the noul ding nachine is used to produce disks of plastics material,

t he surface of 10 which is a replica of the pitted surface of the

devel oped, g g %%%%trmsa&a gbskis & Rakhy, ratdWdegheheks are

metal | i sed ( sua w th ‘alum nium on the pitted, information- carrying

side, the netalli iﬂd sslibS€Quehnt prélteaﬁﬁﬁoteiaftﬂ&% | ag@uersshamel ngbel
information is printed onto the |acquer |ayer e noul ded di sks are pl ayed

by focusing lsaeged, gbkpliicast bEnsthd hmetell thastbirckesmss bef hddepl astic
onto the inner surface of the nmetal |ayer. 20 Fromthe point of view of the
| i ght beam tenesd Nbepliebal (undws e asastiamperspgareydharpl used oést he
original pits, i.e. "bunps.". The playback signal is derived fromthe.light
refl ect ed Haadne ntsurfieaceennf anthe hemouilflf r dex i van piojection &bPr the
bunmps are 25 crucial in determning the nature of the signals obtained.

The hei ght, viditeahd sh{gonpadesimns aremQY1AdRGt ant™amEL BB hei ght
is primarily determ ned by the

Alternatively, the metal master itself can be so used.
In either case, the moulding machine is used to
produce disks of plastics material, the surface of

10 which is a replica of the pitted surface of the

developed, coated glass master disk.

Finally, the moulded disks are metallised
(usually with aluminium) on the pitted, infdrmgtion-
carrying side, the metallised surface. is protectively

15. lacquered, and lébel information is printed onto the

lacgquer layer.

Thé moulded disks are played by focusing laser
light, wvia a 1lens, through the <thickness of +the
plastic onto the inner surface of the metal layer.

20 From the pqint of view of the light beam, this inner

metal surface carries a negative replica of the

original pits, i.e. “bumbs". The playback signal is

derived from the light reflected back into the lens,

and the diffractive properties of the  bumps are

25 crucial in determining the nature of the signals

obtained. The height, widtheand shape of the bumps

are all important.

The bump height is primarily determined by the



5 thickness of the original photoresist coating. The w dth and shape of

t he bunps are less clearly defined, and are influenced by many paraneters
in the exposure and devel opi ng processes, including the laser light 5

i ntensi-ty,” spot size and profile, anbierg tenperature and humdity,

phot oresi st sensitivity, developing fluid constitution, and devel opi ng
time. If all relevant paraneters are well controlled, it is possible to
obtai n stable performance fromthe 10 process. Fine adjustnents may be
made retrospect ivvllckndssORSer ¥hag drdig isiadnghiso obtes €€ B¥aPiAYi NJ e

netal lised glass master disk, or even by waiting till the noulded replica

- di sks are avai | abléxramhdplshpiprg dfhehe bbmps arel less, choaeMede fdesid,abl e to

exert direct control at an earlier stage, and this may be done during the
devel opi ng procesrd apre nbHhwengediby oramy i paraheterspinsthayermosure t or ed
optically as they devel op, and the devel opnent process can be curtail ed
(for exanple, 20andpPeyapoPing: iPELLFFy ofnEluddndatthe flasamhelighty of
devel oping- fluid) once,a suitable pit onetry has been det ect ed.

G oarly. onl y SonknSROELEY . vEPPRLPATe AR BEVELIG GRDIAEE LSREBRRFEFECA by
this nmethod. It is,. however, an i e,..aff. i the size 25 of
the pits and é%ﬁ%e§83ﬁ§ﬁ§y"théﬂkﬁééﬁg%ﬁ*e ﬁgﬁfégﬁﬁéng“ v?ﬁgplng

i nformati on- carry%méimticguéi&t r@n@v&&;%%m@ypgﬁg. of the disks. . If

the pit size can be controlied at this stage, then the process becones

1f all relevant parameters are well controlled,

it is possible to obtain stable performance from the

10 process. Fine adjustments may be made retrospectively

by observing the signals obtained by playing the
‘metallised glass master disk, or even by waiting till

the moulded replica disks are available and playing
them. - - “

16 It is, however, desirable to exert direct control

at an earlier stage, and this may be done during the
developing process. The progress of formation of the
+plts may be monitored optically-as they develop, and:

- the development process can be curtailed ( for example,

‘20 +by substituting a flow of rinse water for the flow of

-developing fluid) once a suitable pit geometry has

-been detected. Clearly,

only one process variable
.(the developing time) is controlled by this'method.
It_is, however, an important one,

affecting the size
25 of the pits

and consequently the magnitude and
symmetry of the information~carrying signal during the

.eventual playback of the disks. If the pit size can

be controlled at this stage, then the process becomes



6 nmuch | ess sensitive to variations in other process paraneters. It is not
found necessary to observe the pits mcroscopically, or to performan

operation equivalent 5 to playing the recording, in order to do this.
Sufficient information for practical céntrol is obtained by relatively
gross obsert vati ons. If a collimted beamof |ight, say up to a few '
m i et ers o i AIEL Cloerdsy (HVECET VIRBLEL SREOYN LbEa0! F38. Qo 10 the
coated surface In a region ere pits are present 1n the coating, the |ight
S diffractg&é}ghé{giénts. The effects of such diffraction are nost

noti ceable in the radial direction, because, owing to the regul ar spacing

of the recorded trgcks, dBt.heelinBhdiidds@syedol Dhédhve eBRIipOLdrom the
disk is concentrated into discrete beans in the radial plane, representing

different digico6s€6potdelLy, 6FNMS pennthGbm din fopata ©lomehpyiwalents observed
even though the various adjacent turns of the track spiral which pass

t hrough tdhe toghplaPihgamhese netordenyi cainbubriere tof i e, €nasi-random
pit structure in the tangential direction.) The emer gi ng beam whi ch woul d
have been sesuféichent tHafabselcionf fors preetdalnargontaolm teed bean)
Is referred to as the zero-order beam 25 Mor eover, anot her set of

diffracted bebkeingd beyseeslptivehy eeksshrehgpryatignass, iIf a@dition to
the ordinary refl ected beam (known as the zero-order
collimated beam of light, say up to a few millimeters

in diameter, is directed upward through the glass onto

10 the coated surface in a region where pits are present

in the coating, the light is diffracted by the pits.

The effects of such diffraction are most noticeable in

the radial direction, because, owing to the regular

spacing of the recorded traé':ks, much of the diffracted

15 1light emerging from the disk is concentrated into

discrete beams in the radial plane, representing

different diffracted orders. (This radial diffraction

behaviour is observ_ed even though th_e various adj acént
turns’' of the track spiral which pass through the light
20 beam are not identical but have a 'fine, quasi-random
pit structure in the tangential direction.) The
emerging beam which would have 'been seen even in the
absence of pits (the ordinary transmitted beam) is
" referred to as the zero-order beam.
25 | Moreover, another set of diffracted beams can be

seen passing back through the glass, in addition to

the ordinary reflected beam (knowh as the zero-order

reflected beam). Such diffracted beams may be



refl ected bean. Such diffracted beans may be reflection”, as
opposed to "in transmssion”. In a known nethod of observing the _
phot oresi st |layer, a laser |ight beamis passed upwards through the gl ass
master disk, and a detector is placed above 5 the disk so as to intercept
one of the transmtted diffracted beans, Zypically a first-order diffracted
beam during devel opnent. Wen the neasured intensity passes a preset

t hr eshol d, deeélepwien” . ias Arnsaed o | (in ckrongrégsiep” - Thi s known
met hod does present some significant difficulties. Durin devel opment
a layer of devel ofPnd fKOPHN fedhrdaRthgohersyinghdhe (PRRECEESERE mast er

disk. If thts lLayer is uniformand flat, it does nqt alter_the directions
0t *the var i ous [PVEI 75 DRSRE WABRT 1AL BRRAOe MR EREPRh

Ho o t] f | uct.uat i t.t i ppl es. i t ‘th
ot ace of |t ho the, Sigke mitaiAl AP M Ty MotoBforbi L pPRERS hoBle! 1S
th i qui ‘ .hei ' ' fl

bomsoguonce o s HIGR R HY 88 iterdadetongloe, tiid !BLensnilttaa
first-order begpdatfnsdd YIR%%Q,S LOpeERAAGE £ £ ALIELoRRER hkl%@r‘éi(agib?ect)

ot herwi se be necessary. re rnportant I's that the zero-order _
beamis al so r g1 uraidAdRAb1 cHMbrit] S theOmeasuredl inteadseylt to

enter the first-O der beam sensor. Since the zero-order beam has many times

the strength ofpddwedli ff gact gordsatn t BAresAsldt encydé®felopment is
automatically terminated. |

10 This known method does present some significant

difficulties. During development a layer of

developing fluid is streaming across the surface of

the master disk. If this layer is uniform and flat,

it does not alter the direc;ions of the vafious light

15 beams when they eventually emerge into air. However,

in practice a fluctuating pattern of ripples is

present on fhe surface of the developing fluid. The-

emerging 1light beams are refracted at the uneven

liquid sﬁrface, and so theif directions fluctuate.

20 One consequence of this is that the optical sensor for

detecting +the first-order beam intensity needs td

embrace a larger area than .would otherwise be

necessary. More important is that the zero-order

(direct) beam is also raﬁdomiy refracted, and this may

25 occasionally cause it to enter the first-order beam

sensor. ' Since the zero-order beam has many times the

strength of the diffracted beam, the consistency of

the measurement may thereby be seriously impaired.



t he neasurenent may thereby be seriously inpaired. 8 There is therefore

a need to inprove on the reliability of the known nethod. SUMVARY OF THE
PRESENT | NVENTI ON According to a first aspect of the present 5 invention

when the formation of the pits during tiBe devel opnent of an optical di sk’

master is nonitored by causi q_tﬁa | ight beamto be incident on a region of a
surface of the optTBﬁF%a%?er xfQrRl genseed ato | dagircwie dhf feget ed

i ght beam t arl id O in contact- with the layer of

devel opi ng flﬁ‘?gga&; ehY r%§ &%0&?9‘@ el from the. surface of the
optical mast mﬂ‘lﬁ‘&*z d | acate NSRS ast the region of the surface
of the opti cg—rrm—drs-b—vﬁereug THE e, @ﬁléfgam IS incident. That

ri gid body then 15,, ¥ | es he t S cu n the

t hi ckness of the Ia€%§ gghéevgggp?ngggrﬁftd éts\bt%hﬁg'ar ggpoﬁﬂ\%hé{‘é%ﬁreﬁll

beam.i s ingi dfmenthshebwe%duaa@gfefmshmhnaf n@héh,fe R S&uein Ufehe
variations in the layér of developing fluid ecting

i nvest i gat i ongefel bpmdare g ratopidde @Pék Cahskast 8k ﬁkbﬁktolféaf %&abl Yy, .
the rigid body is transparent enabling it to act as a w ndow for either
or both of thealisghy edmdiottbeamptiocdle nirrtident sénaadrefto’Sofdid fract ed
| i ght beam fromthe optical master disk. Since at |east part of the optical
path fromthesurface of the optical master disk and sensing at

least one diffracted light beam, there is a rigid body

10 in contact with the layer of developing fluid, which

rigid body is spaced from the surface of the optical
master disk, and is located near at least the region

of the sﬁrface of the optical master disk where the

light beam is ‘incident. That rigid body then

15 prevents ripples or other variations occurring in the

thickness of the layer of developing fluid at the

region where the light beam is incident, thereby

i‘educing or eliminating the risk of such variations in
the layer of developing fluid affecting the
20 invesfigation of the development of the optical master

disk.

Preferably, the rigid body is transparent

enabling it to act as a window for either 6r both of
the light beam to the optical master disk' and the
25 diffracted light beam from the optical master disk
Since at least part of the optical path from the
source of the 1light beam to the detector 6f the

diffracted 1light beam then must necessarily pass



source of the Iight beamto the detector of the diffracted |ight beam then
must necessarily pass 9 through the | ayer of developing fluid, it can be
seen that accurate control of the surfaces thereof is inmportant so that the
intensity of the diffracted beam may be neasured consistently. 5

However, ,the present invention may also be aﬁgjlri ed to arrangenents in
whi ch the |ight theeugh e tieyesowt davelopingt fHatd ekt 727 & SEH from
the optical master disk to the detector do not pass through tggol ayg% of
devel opi ng fl ui ¢hat Aacturete)ocontgpl, ebntthRf S 95,y EPCEFFevEPopi ng
fluid in the way required by the present inventi LS Lh n '
necessary. |n pAspori@Ent&ekhat e ii“ézeﬁlﬁl‘i’hé’%gg‘& éf%gré‘ggflaﬁegg%msome
of the Iight beam fromthe source w i'nto that layer and there wll:

Ll pa
be 15 |ight ref I“lﬂitt&Pf@%?ﬁ%dsﬁ??ﬁéﬁtgf‘%ﬁ‘ﬁat | ayer which is remote from
the disk. In particular, there will be a reflection of the direct or
zero-order beadm whi chHowevegat Fhef aparesendt | Gt atay &8y p@leE orb®t her
“fluctuations, will fluctuate in direction and may 20 enter the detector

and so interfePBRPLHPENTO RETEBPETE T bW r@%&i&%tb;eaﬂﬁjsf,rqﬂﬁ? i s
L B8Ryt A0k el et bR D8 A b Ce

beam cover db{)i‘.&é&&' Oﬂastggt hdisicn to the detector do not pass

‘through the layer of developing fluid. at first

10 sight, control of tt_le_ layer of developing fluid in the

way required by t'he preseni: invention is then nol

longer necessary. - 'in practice, however, this is not

the case since at least some of the light beam from

the source_' will bass into tﬁaﬁ layér and there will be

15 1light reflected from the surface of that layer which

is remote from the disk. In particular, there will be

a reflection of the direct or zero-order beam which,

if that surface i_s allowed to have ripples or other

fluctuations, will fluctuate in direction and may

20 enter the detector and so interfere with the

consistency of the measurement. Thus, it is important

in this case also that the surfaces of the layer of

fluid are contrdlied.

In the above discussion, the references to a

25 "diffracted” beam cover diffraction both in

trahsmission and reflection. Thus, the source of the

beam which is j.ncident on the optical disk may be on

the same side of the optical disk as the detector



transm ssion and reflection. Thus, the source of the beamwhich is

i nci dent on the optical disk may be on the sane side of the optical disk as
t he detectar 10 which detects the diffracted beam or may be on the
opposite side. There are many different s in which this aspect of the
présent invention may be achieved. In 5 the sinplest, the rigid body is a

transparent W ngeye ”Pféeéé Nthe dI?%rge%aan%éa?n h%kowagn%er%t a
contain the detector for detecting the diffracted beam and/or the source of
the beam whi ch pppbBsitdeatigan the optical disk. Then, the surface of the

wi ndow renote 10 fron1the optical disk remains dry and t he space between

the wi ndow and the ophiea@ direk inanti |defferéntf lways tirer @bychr eyRRki ng
di sturbance of the |light beans. Preferably at |east the diffracted beam -

passes through tlspestnddy, tisedpresenpr dhseatliprbaidy the déhieeedent Ineam
and the diffracted beam but it is also possible for the incident beamto
pass throughbt h&ehs reiowplkesit t hthdi tigddt dodyeds ke teanspadent whadopposite
side of the optical disk. It is also possible for both the incident and 20

di ffracted beandrt capheusimmugh Thee bpestag disskhehleweiandapayt &h@d from
that surface of the djsk which is in contact with the fl uid.

. In this case
it is not necesSAEAR thie datRtoAPT SeFeqting Fhe & ffnachesmk bean
ensure there is sUlflCi Nl JQYELOP P %he beam which is incident on the

optical disk. Then, the surface of the window remote
10 from the optical disk remains dry and the space
between the window ahd the optical disk is filled with
fluid, <thereby preventing disturbance of the light
beams. Preferably at least the diffracted beam passes
through the window, and.'ﬁore preferably both the
15 incident 'beam and the diffracted beam, but it is also
possible for the incident beam to pass through the
window and the diffracted beam be detected on the

opposite side of the optical disk.

It is also possible fof both the incident and

20 diffracted beams to pass:-through fhe optical disk in

their path to and from that surface of the disk which

is in contact with the fluid. In this case it is not
necessary for the rigid body to be transparent.

In order to ensure thérg is sufficient.developing

25 fluid, a suitable means for supplying that flﬁid is

usually provided adjacent the optical master disk.

Therefore, it is possible within this aspect of the

present invention for the rigid body to be made



25 fluid, a suitable neans for supplying that fluid is usually provided
adj acent the optical master disk. Therefore, it is possible within this
aspect of the present invention for the rigid body to be nmade i nt egral
with the neans for supplying the devellbbing fluid. For exanple, the rigid
body may be a wall of that supply neans. Alternatively, where the supply
nmeans i ncl udiostegnal zivé thhruhegmadns hfehesuppeydpondhs devgiPRiiGes to

reach the optical master disk, a wi ndow may be providgg%in a:%ﬁll'of t hat
nozzl.e so thEtuifle dFPEr aMPlehd/ ‘ohe | FEgLdnPOBEaRPEa OS2 i the fluid

in the nozzle, and through the window in the Il of the.nozzle .to the
detector or t02t{ syPRYYe ‘F?@ﬂ?'so&]é?li‘%%t’t‘%{%asggﬁﬁ? gté}? FIPRLY N of

th ts, t i ffracted nei Ccact|y f
R e L
b t Lgi.d t i s ia di 5 At h Lh
Beval'ooi n8%r Eufad (RAPSRE" 08 Ml Sthi SGhERLalS nddilAC it BIP

surface of tginﬁﬁMﬁ' 'ngefggdyideéeﬁgegﬁﬁgEglggo%ﬁaﬁtnégigésgopossibLe

for the incident Tig beam™ o pass through the transparent body even if

the detector ¢h31ON¢haf 20 £Otdted| Mhdfot NeinBiaeat dbekmf rpasikbe
transparent body. According to a second aspect of the invention, which is

i ndependent Riroiijh behesegluddacori URtlel Ofiodklll, t hend | ndircagyrectthet he
formation of the pits
: window in the wall of the nozzle, to the detector or
10 from the light source (as the case may be).

In each of these arrangements, the difffacted (or
incident) beam passes directly from the developing
fluid into the rigid transparent body (or vice versa),
because the rigid transpsrent body is in. direct

15 contact with the developing fluid, thereby preventing
variations due to ripples on the surface of the
developing fluid. ..As mentioned above, it is also
possible for the. incident light beam to pass through
the transparent body even if the detector is on the

20 other side of the optical disk from the transparent
body.

According to a_second'aspect of the invention,
which is independent but may be used in conjuﬁction
with the first aspect, the formation of the pits

25 during the development of an optical disk master is
monitored by sensing the intensity of a diffracted
light beam, the diffracted beam being observed on the

same side of the master disk from which the incident



25 during the devel opnment of an optical disk master is nonitored by sensing

the intensity of a diffracted Iight beam the diffracted beam bei ng

observed on the sane side of the master, _di sk fromwhich the incident 12

beam i npi nges on the .disk, i.e. the di f%%4 act ed beamis observed in

refl eetion: H§in a reflected rather th%g a transymiied beam bring certain
ks 5 2a

practical adVARTage® Nges R ithg R WteDRRAR HS di sk,
th . ' Lt to th diti f, f | e,
e neasurenﬁ?%%%pgﬁgfhgagﬁgigg%gg ive to the condition o or exanpl e

t he under su Ss, and the di sk naster can be nmounted on an

opaque turntabl e ossRRIEr rakiuekuaC riichl e o MGl dih i {dy fig PPt i cal

measurenment. 10 ere 1s so a nore fundanmen ge.

found that thgrsh eeafieas?ﬁ,pi-aétféaﬂpwvaﬁ&asg&isr._stmﬂré'ﬁéiééig;snéﬁéd beam

is not greatly different whether it is nmeasured in transm ssi rough the
pitted nmas§ercanrbactoestied , bBEVRCHHheN dilskl ithe Tiadefénedf &4f8Le OF

direct beam however, is greatly attenuated in refl ection conpared with

transni ssi on. mdliesineansithee tbetheresgdbtobnt Be,f Fost eRafgle beaR
measured as a fraction of the zero-order beam is greater in reflection .
than it is inundemssurface. ofhthef glasst hand0thendtgkenaeseef canrvy | i ght
fromthe zero-order beamentering the first-order beam detector are | ess
serious if thaougtedcien PRamPagusecturntedbld ngrt espdder r dtaspeareof the

i nvention, the
without interfering with the optical measurement.

10 . There is also a more fundamental advantage. It
is found that the strength of, for example, the first-
order diffracted beam is not greatly differént whether
it is measured in transmission through the pitted
master surfaée oh in refleé;ion from it. The zero-

15 order or_direct beam, however, is greatly attenuated
in reflection compared with transmission. This means
that the strength of the first-order beam, measured as
a fraction of the =zero-order beam, is greater in
reflection than it is in,transmiséion. Therefore, the

20 consequences of stray light from the zero-order beam
entering. the first-order beam detector are less
serious if the reflected beam is used.

According to a third aspect of the inveptioﬁ; the
light source is periodically modulated in intensity.

25 This enables the at least one diffracted beam to be
monitored whilst discriminating against the effects of
ambient l;ght. Thus, by passing the output of e.g.

the first-order beam detector through a phase-



i ght source is periodically nodulated in intensity. 25 This enabl es the at
| east one diffracted beamto be nonitored whilst discrimnating against the
effects of anbient light. Thus, by passing the output of e.g. the
first-order beam detector through a phasgg 13 sensitive detector whose
referehce i'nput is the sane signal which is used to nodul ate the |aser

light; and thesghy; gHPET 8btB8tard whosd e FeRROT Ehplel 150 thdlsduurponent
of the detected light intensity which varies 5 in synchronismwth the

sai d 'signal, tdeghallwel6R ©8 t8€d0t6. medupditerftideenicad gy, aideer than

light originating in the said light source may be substantially
elimnated. Preherabyygéheratghyy aodree oatputapropbrlinaindo tthdt ght
output is nodulated 10 electronically. Again, this third aspect may be

i ndependent orcompohentisefl the cdeferited ohight hnbensitygtwhaet orasiesond
aspects. BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi ments of the present

i nventi on whl | inogypehrenigmswiithe #hien s@ddaisignad wahhefinglygnee ant h
reference to the acconpanying drawings, in which: Fig. 1 shows a pattern of
beams diffract Ehead-£.supeteet pfy deteabed Jddahiat Pghﬁry thearpptight

sensing 20 arrangenent .illustrating the general principles of the present
i nvention; Fi g°T39ipgfkdngn dHPic&PeSeﬁ§?ﬂ% atlifenefipurge may be

substantially eliminated. Preferably the light source

is a laser diode, and its light output is modulated
10 electronically. Again, this third aspect may be

independent or may be used in cbnjunction with the

first and/or second aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiménté'of the pré;ent invention will now be

15 described in detail, by way of example, with reference

to the accompanying drawings, in which: |

Fig. 1 shows a pattern of beams diffracted at a
surface;

Fig. 2 shows schematically an optical sensing

20 arrangement illustrating the general principles of the
-present invention;

Fig. 3 shows ah_optical sensing arrangement in
accordance with an embodiment of the present
invention;

25 Fig. 4 shows a general view of a developing
arrangement incorporating the optical sensor of Fig.
3;

Fig. 5 shows a detail of the optical sensor and



accordance w th an enbodi nent of the present invention; 25 Fig. 4

shows a general view of a devel opi ng arrangenent incorporating the optical
sensor of Fig. 3; Fig. 5 shows a detail of the optical sensor and 14 an
adj acent di spensing nozzle; Fig. 6 shows B conbi ned optical sensor and

di spensing: nozzle in accordance with a second enbodi nent of the
invention; 5 an adjacent dhispensingninomzledpti cal sensor and di spensing
nozzle in accordance wth a third enbodinent of the invention; Fig. 8
shows a bl ock di agr aFigt ah esheowsonfc e9ubénefior OPSACRS| | FRHSPKe and

devel opi ng process in 10 response to the output of the optical sensing
arrangenment ; an@ifFpgnsdngnoROzZlef | ABmeRCPTIFRCR| cMiithni @ sySeEANEF Fi g.
8 for nore accurately controlling {he devel opi ng process in response to the

output of the 18mBREHEENt OfsithE A0¥eREHRRT; DETAI LED DESCRI PTI ON Before
descri bi ng enbodi nents of épe resent inveotio th gﬂgr%gnpr%nci%bgs
underlying tRe presefd9nvdnt SHPWHE | B bEOTPIATES  §P R ha
previ ously been ntioned, th resen_in ' es ofja qififract ed
beam gener at ed 1spenéing n8=z21% ln %%36535&@& with %Ta QM &i‘
embodiment of the invention;
Fig. 8 shows a block diagram of an electronic
system for controlling the developing process in
10 response to the output of the optical sensing
arrangement; and
Fig. 9 shows a :refinement of the electronic
system of Fig. 8  for more accurately controlling the
developing pfocéés in reépSnse'to the output of the

15 optical sensing arrangement;
DETAILED DESCRIPTION
Before describing embodiments of the present
invention, the general principles underlying the
present invention will be discussed.

20 As has previously been mentioned, the present
invention makes use of a diffracted beam generated
from a beam of light incident on an optical master
disk. In thé simple case where a light beam is
incident normally (i.e. perpendicularly) on a surface

25 100, e.g. a surface of an optical master disk, the
angle between the normal and the mth. order diffracted

beam is giveh by

6, = sin' (mh / nP) .o (Equation 1)



froma beam of |ight incident on an optical master disk. In the sinple
case where a light beamis incident normally (i.e. perpendicularly) on a
surface 25 100, e.g. a surface of an optical master disk, the angle between
the normal and the nmth. order diffracted beamis given by [err]
(Equation 1) 15 where [err] is the wavkPength of the light in vacuo, P

I's the track pi tﬂ%, a&?__n IS the refractive index of the nedi.umin which
the beamis obs&PFEE. MRS thghtayedansddy Hotthedightr 1 ¥ aGiuSofmdS

i ncid ) Fi 1.5 att f: jff t ed th it

el dence. P ngl 358000 apatter o beare peaced ot I e
[ ident b 1 [ t i ght I | | b
et dont_bearm 1Lt Y5 ich Mol U oA Bl il
surface 100 thr gugh b O fodoRl Tl aPehothadl AdSbdCaM b 1

gener at ed when the inciden €am 101 reaches e surface 100 fro

t he di sk. Theg skhewgt ha o{,?{;{}grﬁar'bgusbg%ya&igfir&%s by dRpepion the

si ze and shape of the developed pits. Information about tHe progress of-

devel opment nmay stirtugtheeohnaihed upipeFe qTdated )t Rk fAcRNA00 &F & dilak
diffracted beans as a fraction of the incidént beamintensity (or

alternatively ainad reade ovhekrel (the?Oinchde€nsi bpaal 10l &reigest aterap- or der
bean) slight angle to the normal.

It should be noted that, while Fig. 1 shows the

10 incident beam 101 reaching the surface 100 through the
disk, a similar sét of diffracted beams is generated
when the incident beam 101 reaches the surface 100
from outside the disk.

The strengths of the various diffracted orders

15 depend on the size and shape of the developed pits.
Information about the progress of-develobmenf may thus
be obtained by measuring the intensities of the
diffracted beams as a fraction of the incident beam
intensity (or alternatively as a fraction of <the

20 intensity of the emergent zero;ordef beam}).

The wavelength of the lighf should be long enough
that the light does not expose the photoresist.
Helium-neon laser 'light (wavelength 633 nm) is
commonly used; In this case, Equation 1 above shows

25 that, at normal incidence with a 1.6 pm track pitch,
two diffracted beams will emerge into air on either
side of the zero-order beam, at angles of 23° and 52°

from the normal.



The wavel ength of the light should be | ong enough that the |ight does not
expose the photoresist. Heliumneon |aser |ight (wavelength 633 nm is
commonly used. In this case, Equation 1 above shows 25 that, at nornmal
incidence with a 1.6 pmtrack pitch, two diffracted beans will energe into
air om either side of the zero-order beah® at angles of 23 and 52 fromthe
nor mal . 16 In practice the nost useful inforngtion f

r_progess control
i s obtained fromthelPntRFRFEICRF R FoFhe YTTEL or €°’8§%ﬁ€?“siﬁm‘e this
intensity rises snmoothly up t nd Qnd .t t,l . 5
“devel opnent , vm%’r'%ﬁgsfhéoggl‘ﬁgdgﬁr ﬁgg’t}é‘&% ?%og‘ﬁsérggjy@ftg%%g%g REAPY linit
enter into det apfed Endatyt Tt e ahe . FERE e dntensbly WRESSSTY 1O
setting; 10 th be calLiBlr r cti e t i shing
an enpirical re 'é\talk%'?\lg'?l ga§et &geng?ﬁea%ﬁ?géﬁol gh%et P.E’#é"‘gﬁ‘d tgﬁgsgl g§]€ack
properties og th%vfél%giméw,' dete Fb8XSthe TRROTRILGF @S SBEah NInvbhki ke
appreci ably influenced by changes either of track 15 pitch or of

phot or esi st coalddiad it keRsh ablinikcantl ehevedifidieam detrebsd heth
established enpirically and allowed for. Changes of track pitch will alter

t he direction offdduhelt fdeawvelepméaam and the optical sensor nust be able
to tolerate the range of

It is not necessary to enter into detailed theory

in order to define the necessary threshold setting;

10 the system may be calibrated for practical use by
" establishing an emmirical.relationshipibetween the
thréshold setting and the playback properties of the
final moulded disks. Thé required setting will be
appreciably influenced by - changes either of track

15 pitc£ or of photoresist coating thickness, but the
effects of these can also be established empiricaily

and allowed for. Changes of track pitch will alter

the direction of the diffracted beam, and the optical

sensor must be able to tolerate the range of

20 directions which correspond to the range of <track

pitches used (nominally 1.5 - 1.7 um in the case of
Compact Disc).

A theoretical treatment of the subject is given

by J.H.T. Pasman, J. Audio Eng. Soc., Vol. 41, No. 1/2
25 (January 1993).

The behaviour of diffracted beams having been

discussed, the passage of such diffracted beams

through a transparent body adjacent an optical master



20 directions 'which correspond to the range of track pitches used
(nomnally 1.5 - 1.7 pmin the case of Conpact Disc). A theoretica
treatment of the subject is given by J.H T. Pasman, J. Audio Eng. Soc.,
Vol . 41, No. 1/2 25 (January.1993). The behaviour of diffracted beans
havi ng been di scussed, the passage of sygh diffracted beans through a
transparent body adjacent an optical naster 17 disk wll now be

described in geserelillientw. be deserSbas ian ggexal besner disk 3 with the
coating layer 2 thereon, the coating |layer 2 being of photoresist material.
During the processFig.of2 tdleows ophi opiticmdt grnagiter diskhd miydy thes
exposed to nodul ated |aser light, to create a series of exposed and
unexposed por cPatdngn layerl 2ydhezearor radup HRAFHRY oLIYRE | HitR#ARE Phttern of
the pits that are to be forned on the optical master disk 3. - In order to
10 devel op t RROtgyesizt matewialcat OWHANG pERe ePROGESFING Qfhetheyer 2 is
exposed to_devel gping fluid (deyeloger) 14. The pgegfnt inven%qu S
concerned Swi PRYALGRdstPRBERRg Aialt devetRDi APYfT0cbsstS afFPESEE 295 shows

housi ng. havi noBukEE s LGREr EonGaBRTE P e (9 5nelet % hat the
window 4 i's i QG0N AStdidd p8Ffibss’ THPLHRT 1ded N, dgRHOBbORathY I
to the intended pattern of the pits that are to be
formed on the optical master dj.sk 3. . In order to
10 develop the layer 2, | and so create that pattern of
pits, the layer 2 is exposed ‘to developing f£fluid
(developer) 14.
The present  invention is concerned with
investigating that dévelo;ing process, and Fig. 2
15 shows that a housing 1 is brought adjacent the optical
master disk 3, that housing having- a window 4 therein.
The housing 1 is positioned so that the window 4 is in
contact with, and is immersed in, the developing fluid
14. Hérice, at the window 4, there are no ripples in
20 fhe surface of the developing fluid 14, although there
are ripples 15 in other regions.
In order to investigate the developing process,
a beam of light 6 is incident on the coating layer 2 '
of the optical disk 3 through the window 4. As was
25 discussed with refefence to Fig. 1, the presence of
wholly or partly deveioped pits in that region of the
coating layer 2 which is illuminated by the beam 6

generates diffracted beams, including a first-order



14. Hence, at the window 4, there are no ripples in 20 the surface. of the
devel oping fluid 14, although there are ripples 15 in other regions. In
order to investigate the devel opi ng process, a beamof light 6 is incident
on the coating layer 2 of the optical digk 3 through the wi ndow 4. As was
25 di'scussed with reference to Fig. 1, the presence of wholly or partly
devel oped pit diifif dalrated epean & {A4dffvaciteg | ayereZ lwinitdlon)s ahdu nat ed
by the beam 6 generates diffracted beans, including-a first-order 18
diffracted bezer®@-(ander aafkecred dheantldn) New shown dofiar. Zlnect ed
beam 10. Not shown in Fig. 2 are additional diffracted beans,
diffracted  ad9%%ioR3 ssi sHEEraREedas iPRIBF| ect I BHELEXRFEIL i n 5P general
are generated as has, been di scussed above with reference to Fig. 1, Then,
in order to detRARSRESSHRNpragr R1bf 2Fe HRVIVPHRFELFR: t HEM LR i3y | ayer
2 by the devel opin luid 14, at |least one of the diffracted beang, .10 ‘
(or ot er abi yB ¢ HESRETal SrG FenpTaretan a8 egh  LLAoHrFof POt HELt he
optical paths of

ftpgngga? 6 %nd lieam 8 are stable, accurate neasurenents
are made. An ehbodr me pE g'pr €sent invention will now be described in

detail with referen?g o Ii';}g.ox%eg “t&5d5§8 3 neC RO MU chie copLespond -
to the components o = g are indicate W The sa reterence nuneral s.
- development of the coating layer 2 by the developing

fluid 14, at least one of the diffracted beams

10 (preferably the first-order diffracted beam 8) is

monitored. Since the optical paths of the beam 6 and
beam 8 are stable, accurate measurements are made.
An embodiment of the present invention will now

be described in detail with reference to Fig. 3. 1In

15 Fig. 3, components which correspond to the components
of Fig. 2 are indicated by the same reference .
numerals. |

In the embodiment shown in Fig. 3, a waterproof
metal housing 1 is 1located during the developing

20

process above fhe coating 'layer 2 of a horizontal

glass master disk 3. Mounted in the bottom of the

housing 1 is a synthetic sapphire window 4. An
encapsulated solid-state laser diode forms a light

source 5, which emits a collimated light beam 6 of

25 wavelength 670 nm. A circular mask 7 restricts the

diameter of the light beam 6 to about 1 mm. The laser

diode source 5 is set at a small angle, about 5-10°,

to the vertical, in order to avoid reflected 1light



In the enbodi nent shown in Fig. 3, a waterproof metal housing 1 is |ocated
during the devel opi ng 20 process above the coating |ayer 2 of a horizontal
gl ass master disk 3. Mounted in the bottomof the housing 1 is a synthetic
sapphire w ndow 4. An encapsul ated solid-state | aser diode forns a |ight
source 5, which enmits a collimated |i gh? beam 6 of 25 wavel ength 670 nm A
circular mask 7 restricts the dianeter of the Ilght beam 6 to abq¥t 1 mm

The | aser di Ba&sSipgr deack| dndQq é'cit'a sfi¥e BAYFLNIadoutS5- AR t he

t | d t d fl d lLight . back t.
The housi ng ToPLasAN I (EARRPEY A "?ees'b%%‘r‘e?o TR s s s
t hat th f d | d h t
st order GRPrr 0% cPUSSERGE | PEs dHYTIIPR | BATE 1R ¥ odts m?ng and
reaches the Rrg%qdbgd%hae 196+2o-HE ﬁi%%qfac% dsblea;nhg £9Quahs ERi kNt er cept

the beam 8 fo | "'owa e of the trac itch recorded on the disk
3. (A tragk Rinec féﬁ@eo@fgké5dr§w1n nhﬁarE%%EW@§5EKé?ﬁhéﬁS&ié&erange of

3.5, or 10 only nm at a detector distance of 50 mMm) e reflected

zero-order beamshr i®, | NtRECBBhEBrLY 3% INdRjdadndudth atsenatdeabepibi ng cup
11, in order to mnimse scattered |ight which m ght reach the detector 9.

Optional |y atel bl hsarasetL1owable 16aluayobethantaaokdpiitthi n t he
cup 11, so that the first- order beam nay be neasured as a fraction of the
Zer o- recorded on the disk 3. (A track pitch range of 1.5 -
1.7 ym corresponds to an angular range of 3.5°, or
10 only 3 mm at a detéétor distance of 50 mm.)

The reflected zero-order beam 10 is intercepted
by an internally blackened absorbing cup 11, in order
to minimise scattered light which might reach the
detector 9. bptionally a zé;o-order beam detector 16

15 may be contained within the cup 11, so that the first-
order beam may be measured as a fraction of the zero-
order reading. However, it ié usual for the output of
the laser diode 5 to be stabilised by a local feedback
loop, so that it will be sufficiently constant for

20 process control purposes without,direct:mgasurement of
the zero-order beam 10.

Preferably an aperture 12 is positioned close to
the wihdow 4, so as to prevent light scattered back
from the lower surface 13 of the master disk 3 from

25 reaching the detector 9.

The window 4 should be close enough to the

coating layer 2 to ensure that the developing fluid 14

wets the window 4 and fills the space between it and



order reading. However, it is usual for the output of the |aser diode 5 to
be stabilised by a | ocal feedback |oop, so that it will be sufficiently
~constant for 20 process control purposes w thout direct neasurenent of the
zero-order beam 10. Preferably an aperture 12 is positioned close to the

w ndow 4, so as to prevent |light scatteredydack fromthe [ ower surface 13
of the master disk 3 from 25 reaching the detector 9. The w ndow 4 shoul d

be cl ose enough ¢&eathbfigCRayerd2l.aydr spatdngnof ©. 1Saim tie rsstedroftaply | ui d
14 wets the window 4 and fills the space between it and 20 coating | ayer

2. A spacing of Ppracticableecharieakhgoprage cibee. fluid danecofidde the
fluid to fill the space, the sensor should be placed close to and

"downst reant (i nspheedir tbei opensodi sshowldt ibe) plaged destevébopand
di spensi ng nozzl e. Preferably the sensor is attached to the sanme arm
whi ch supports t fidomastrean” (in tthe gigiegtien @b slsknrotatianlzfrom
di spenses devel oper over a range of radii on the _disk covering at |east the
recorded progPamtBeeadsvedpper) dispepsings pRzzla-he cB¥efgrabdypathe
Disc), and the optical sensor dirqits the |ight bean1g to a radius op the
di sk towards t he SERSFmishPraehed Y (?éb%a%EmSU ﬁﬁﬁ,sEBPPﬁﬁﬁ VA6 d
readi ngs are obtaineqﬁgven t% se Qccasions, whe f.or _eco Ln
mastering tinme, 234 recggﬁe 9§ﬁe8r8%8§r§§ aeg% qimﬁggfugggy nozzle
dispenses developer over a range of radii on the disk
covering at least the recorded program area of the
10 disk (23-58 mm in the case of Compact Disc), and the
optical sensor directs the light beam 6 to a radius on
the disk towards the bottom end of this range (perhaps
30 mm), so that wvalid readings are obtained even on
those occasions 'v}hen, for économy in mastering time,
15 the recorded area ends at a small radius.
The choice of synthetic sapphire for the window
4 is determined both by its resistance to chemical
attack and by its scratch resistance. Developing
solutions are usually alkaline, and are found to
20 attack and cloud a glass window over a'period of use.
A window with a good standard of polish should be
selected, and its upper surface may adVantageously be
given an anti-reflection coating, to reduce 1light
scattered béck to the detector 9 from the incident
25 beam 6. Owing to the high refractive index of
sapphire, a simple quarter-wavelength coating of

magnesium fluoride is suitable for this purpose.

Fig. 4 shows a general view in elevation of a



The choi ce of synthetic sapphire for the window 4 is determ ned both by its
resi stance to chem cal attack and by its scratch resistance. Devel opi ng
solutions are usually alkaline, and are found to 20 attack and cloud a

gl ass wi ndow over a period of use. A window w th a good standard of polish
shoul d"be sel ected, and its upper surfagg may advantageously be given an

anti-reflection coating, to reduce light scattered back to the detector 9
fromthe inci devel2pingeaarfange®enty incohponaglingef thet isemsaxierfof

: sapphire, a sinple quarter-wavel ength coating of magnesium fluoride is
suitabl e for Fhigs Furpdhe nmRistenr disks3 arepberan @ tripadeBBvuhich of a

21 devel opi ng arrangenent incorporating the sensor «of Fig. 3. The nmaster

di sk 3 rests &®t@tas pen 30 WESeh bt at eIWON AMBss 3. andT\@3 ar @Fe 32 and

33, are retracted while | oading the disk 3 but ar(%pin the 5 positions shown

during devel ofigfFacted whinlso G pthee 4K Soputnpgeghin R shaped
The sensor SoRSTLEENS ABRRPCEBERTAq A LRRIIE: 34 K0 A (820880 ro
o 4 o1 0%l 1Rey BRI LANELGR U HURURERL A URAREFaSd Mo O oK
carri od from Tk og, PRACHIAR ¥ ne Ty Walee RRRUGLAPE! difiaind © B
nozzle 35. The sensor housing 1 is mounted behind the

nozzle 34, with its sapphire window 4 close to the
10 coating layer 2 on the upper surface of the disk 3.
In the arrangement shown, the sense of rotation of the
disk 3 is anti-clockwise when viewed from above, so
that the developer tends to be carried from the nozzle

‘-

34 towards the s;énsor unit.-

15 ' The process sequence may begin with rinsing water
from nozzle 35 followed by developing fluid from
nozzle 34, and then switching back to rinsing water
f_rom nozzle 35. The nozzle 34 is retracted during the
final rinse. After a thorough rinse, the disk 3 is

20 spun dry at high.speed._ The time at which the flow of
developing fluid is ‘réplaced by a flow of rinsing

" water is determined electronically on the basis of the
output of the first-order light beam detector 9, as
described below. |

25 Fig. 5 shows a cross-sectional view of- the sensor
housing 1 next to the dispense nozzle 34. It can be
seen from Fig. 5 that the housing 1 and the nozzle 34

form an integral unit with the unit 34 being shaped so



15 The process sequence may begin with rinsing water fromnozzle 35
foll owed by developing fluid fromnozzle 34, and then sw tching back to
rinsing water fromnozzle 35. The nozzle 34 is retracted during the final
rinse. After a thorough rinse, the disk 3 is 20 spun dry at high speed.
The tirme at which the flow of developing fhyid is replaced by a flow of
rinsing water is determned electronically on the basis of the output of

the first-order khght theasudaedciay therSoflessradpscbR/tO¥he28nd of thhY: 5
shows a cross-sectional view of the sensor housing 1 next to-the dispense

nozzle 34. It cahobeisngenl combdHinging th@twimdokodsi Nghé asdetbornQasdke 34
forman integral unit with the unit 34 being shaped so 22 that the
outlet 41 thereoShoymdnaFigt. Hheavddtbe sherbeusi syelconthdnedngithén

wi ndow 4. The detector (not shown in Fig. 5) and the source 5 are contai ned
wi thin the housi el bousing br edBohasy DFeyiousky dreen wnehtionedf eikhce t o
Fig. 3. Fig. sho a second enbodi nent in which the optical sensor unit

i s combi ned wi hqgg;qﬁQﬁﬁﬂﬁﬂaEﬁﬂzl%-34. The | ayout of the |aser diode 5,
the aperture 7, the dq;ector 9 _and the absorber 11 are all 10 simlar to

that shown in Fig. 3, cBr SRGhaPnFesenS erodinenk di byhigk dhee

ref erence nuner al I he second epbodj ment of, Fig. the i ncident beam 6
fromthe |aser méﬁﬁ?ééftﬁ39§ﬂﬁr3P r 18 combine witn' fhe dispense

nozzle 34. The layout of thé laser diode 5, the
aperture 7, the detector 9 and the absorber 11'are all

10 similar to that shown in Fig. 3, and corresponding

parts are indicated by the same reference_ numerals.

In the second embodiment of Fig. 6, the incident

beam 6 frbm the laser diode 5, the zero-order

reflected beam 10 and the f:‘irst—order diffracted beam

15 8 all pass through_ a transparent body 35 forming a

Wall of the nozzle 34, which is made from acrylic

plastics, rather than through air. Instead of a

window 4 there is a flat, polished lower face 40 to

the nozzlg 34. The lower face 40 extends equally on

20 either side of a slot 42 through which developing

fluid is dispensed,'so that the developing fluid is

forced out between the lower face 40 and the coating

layer 2, thus forming an optically homogeneous part of

the light path to and from the coating layer 2. The

25 clearance between the lower face 40 and the coating
layer 2 may be about 2 mm.

The incident beam 6 enters the plastics body .35

from the laser diode 5 and the first-order beam 8



reflected beam 10 and the first-order diffracted beam 15 8 all pass
through a transparent body 35 formng a wall of the nozzle 34, which is
made fromacrylic plastics, rather than through air. I nstead of a w ndow
4 there i's a flat, polished |ower face 40 to the nozzle 34. The | ower face
40 extends equally on 20 either side o023a slot 42 through which devel opi ng
fluid is dispensed, so that the developing fluid is forced out between the
| ower face 4Rayest hit cddhrorghayeurbherhygol shedg facedtital Ithe
honbgeneous part of the light path to and fromthe coating |ayer, 2. The 25
cl ear ance beé)%%%ﬁi?ﬁebpéﬂegsmcep%f%ﬂb%ﬁeaé‘oﬁhsﬁ&iﬂeffyéi ]réil ¥R about 2
mm The incident _beam 6 enters the plastjcs.body. 35 from.,the |aser diode 5
and the fi rs&%ra ?Ogb&?ﬁ g‘l 1’239118av§s jr*? FRF‘BéSh ?uﬁ“}r?etrl%l?%%d f aces
in the plastj Pr ef er abl n,.ab ngg I il ar Hg { orber 11
in Fig. 3 isﬁ\gg??r%gxb?/&cu??? n%ogxa;é?m?ér fl% 0 ?hg)t gdy P’go‘?@gve a
stub, thegro uLsl ur | i i bl ack. Fig. 7 shows a
further e%bo |n%%?8i%ﬁ€%?€% &ﬁﬁggFg%éﬁn% s%$t§§i§i?§kéonbined with a

di spenser nozzle gig. 7NEnbEUoWl PhrthBr! Wflodimiier Sin! WnalPTAHre 7. the
detector 9 and the gbsorber 1 are 10 again simlar to that of Fig. 3, but

the light begptiBallls@Rfod P@st! HHUBLMISMMEOPWIEH | B daybpEhBerhe nozzle
34 itself, reaching the disk surface 2 through

nozzle 34. The layout of the laser diode 5, +the
aperture 7, the detector 9 and the absorber 11 are
10 égain similar to that of Fig. 3, but the light beams
6, 10 and 8 pass through developing fluid within the
nozzle 34 itself, reaching the disk surface 2 through
a slot 43 in the nozzle 34 through which the
developing fluid also emerses. The slot 43 is made
15 somewhat wider (perhaps 2 mm) than the slot 42 in the
embodiment of Fig. 6, the beam 6 being carefully
aligned so as to pass centrally through it. At least
one polished windows 50 are provided for the beam 6 to
enter and the beam 8 to leave the cavity of the nozzle
20 34. If is possible to provide separate.windows 50 for
the beams 6 and 8, but a single window 50 may be
sufficient. There is a tendency for bubbles to form
within the nozzle 34; so the liquid flow must be so
directed that bubbles, if any, setfle at points which

25 do not interrupt any of the beams 6, 10 or 8.
Any of the sensor arrangements shown in Figs. 3,
5, 6 and 7 may also be employed in a transmissive

system. In such a case the laser diode source 5 need -



a slot 43 in the nozzle 34 through which the developing fluid al so energes.
The slot 43 is made 15 sonewhat wi der (perhaps 2 nm than the slot 42 in

t he enbodi nent of Fig. 6, the beam 6 being carefully aligned so as to pass
centrally-through it. At |east one poli2hed wi ndows 50 are provided for the
beam 6 to -enter and the beam 8 to | eave the cavity of the nozzle 20 34. It

i s possi bl e toopr dvedevistdpian atttheni sdoaors0assembhy. beadmsteqmdl 8theut a
single window 50 may be sufficient. There is a tendency for bubbles to form
wi thin the noipcddent doighfe beami §remokheydrarr shiefe ciscdirpetesubbl es,

I f any, settle at points which 25 do not interrupt any of the beaps 6, 10
or 8. Any of £FO™cHRERTRRRYRGHRRPUIRNGRE | glapgs diEk 53 sinkR Fhfay al so

be enpl oyed in_a fransy ssjive system  In such case the | aser,_di ode source
5 need 24 N&F“%’é" wi‘f)hi eR%e %ﬁ%or‘lésseﬂﬁl y%he | RRBEXYTE (A8 | AT dent

i ght beam_frqomthe |aser dipde_i | rected.fromunderneat hr t he
gl ass di sk53 iﬁﬁpg‘qgﬁél%}%ﬁovf g4,a éfggogf é@els45,$eao?:% ?'ﬁg'dhé: & { 43 as
5 appropriat f Lpo 0,.L.S d;to | d. ' . e can
be made in th?'de 1e1c‘?'"|'énlgéaélg%$r8%i %‘gaéorikt ﬁggpgﬁkggtgh%teére r"ﬁépﬂ"l on of the

beam by t he |%l§?°l§hé £16828 3Hee2rbptidh Ve ¥nd Bedd IRPEHEN

di spensed with I theh%?sk 3 ﬁas aﬁ at?ached centre 10 b(yég, so that it can

be mounted di r@et theORigd® BOSS allternatively, the tripod may be
dispensed with if the disk 3 has an attached centre

14

10 boss, so that it can be mounted directly onto the boss
31.

Fig. 8 shows a block diagram of an electronic

system for generating from the output of detector 9 a

signal for témihating deveflfopment, in accordance with

15 +the third aspect of the invention. The laser diode

source 5 is equipped with a ﬁodul’ation input which

allows the light power to be switched between a high

value and a low value in response to an externally

applied signal. An oscillator 110 generates a square-

20 wave signal 111, at a frequency in the order of 10

kHz, which is applied both to the said modulation

input of the las-er diode source 5 and to the reference

input of a phase—sensifive detector lor multiplier 112.

Meanwhile the output of the detector 9 passes through

25 a breamplifier 113, an a.c. coupling 14 and a further

amplifier 115 to yield an a.c. coupled signal which is

fed to the signal input of the multiplier 112. The

output 116 of the multiplier 112 is filtered by a low-



Fig. 8 shows a block diagram of an electronic systemfor generati'ng from
the output of detector 9 a signal for termnating devel opment, in
accordance with 15 the third aspect of the invention. The |aser diode

source 5 i's equipped with a nmodul ati on(#g;put which allows the Iight power
to bersw tched between a high val ue an | ow val ue in response to an

externally applied §i | . R 10 SPER R
signal 111, a;?asi;f ré{qgg‘%fy ﬁﬂ7?ﬁ§bor§t§?r6% 16%%5’%&&%?‘83’7 S aﬁ%ﬁ%ﬁ \Qﬁfﬁ to
t he said m)dué&keé(ggehggugsgég?_g%elcla%grth%tﬁgiepow rlq%é,@rgiérghﬂ he yr ef er ence

I nput of a phas ensitive ector or l'ier 112. Meanwhil e the out put

of the detectpho9¢B3saeed WptPlr 2918 ALHPItdbEy dhB1i%ied by Caupling 14
and a further a?rp |?i er 115 to yield an a.c. coupled gi gnale vvhiych is fed to

the signal ingyhyekibe1iyl hokkebutpdt 12beiguappliddbrofondeimphtiplier -
112 is filtered by a low - 25 pass filter 117 so as to renove

hi gh- f r equgncy£c AMEhiGHE BaB65002at, eCeivé t Bthee dspivt abBr whighalisild. The
filtered output 118 is suitably anplified by an anplifier 119 whose out put
120 is appl i edefference npoltégefl 12T odpaisedr @M thepotémtiompterof which
is a reference voltage 122 derived froma potentioneter 123. The output 124
of the conparakgr. 1Thei su&puitgd2i offii the ahsparpsorelddt &8 fi igndlder beam
power at detector 9 exceeds a threshold determ ned by the set 10 voltage
122, switcheswbdchs twhewr fbheat detieotedpfdmst-order " beam power at
detector 9 exceeds a threshold determined by the set
10 voltage 122, switches so as to terminate development.
A zero-adjusting voltage 125 is also applied by
the potentiometer 126 'to the amplifier 119; this
enables the output 120 to be set to zero in the
absence of déve.l'o.';-).ed pits ii; the coating layer 2, thus
15 compensating for any light scattered into the detector
9 within the assembly 1, for.example f¥om the surfaces
of the window 4.
It is not necessary for the signal 111 to switch
the 1laser diode oin:put on and off completely. A
20 moderate depth_of modulation will suffice, so long as
it is stable over time.
Fig. 9 shows a refinement of the last part of the
electronic system, in which a differentiating circuit
127 lowers the reference voltage applied to comparator
25 121 by an amount proportional to the rate of increase
of the voltage 120. By this means the circuit can

compensate, to a fair approximation, for delays in the

operation of the various -valves which terminate



A zero-adjusting voltage 125 is also applied by the potentionmeter 126 to
the anplifier 119; this enables the output 120 to be set to zero in the
absence of _devel oped pits in the coating |layer 2, thus 15 conpensating for
any light scattered into the detector 9 withigh the assenbly 1, for exanple
fromthe surfaces of the window 4. It is not necessary for the signal 111
to switch the | aseievt sisndnt B r@spottbdfdo A |sSigtian. 1244 2@hevdastbe
depth of nodulation will suffice, so long as it is stable over tine. Fig. 9
shows a refinenmenttld tbathget 120 tisf rtilkd g ,ecthenilowsatstiene threkhollda
differentiating circuit 127 lowers the reference voltage applied to
conparator 25 121 wltaganiht s dpett ithealcompardataonatl® lonticipatesobyt he
voltage 120. By this nmeans the circuit can conpensate, to a fair

approxi mation, foradeybstantiahkby opbredi bhmef inkervadi ¢he kdmee 8 tywwhdieh
term nate 26 devel opnent. i n response to the signal 124. The faster the
vol tage 120 is ?isy@ltagae 1I?(9/\eW°PRQ t ARG hIIRPGRA] s yolttage sb28mat (The
conparator 121 antici pates bg a substantially fixed tinme interval the tine
2t Whi oh 5 vol t ageti5ECHBREEFADE PRRRKLAUFPE HEFaUIt 12% s determined

diff tiating behayi f Gi [t 127 1s det 1 ned nai Cl R1,
the extra componorbaiRBYakd € Gi4,cRTS Fhi ERTE ramePreRkinty gad 2

serve to limit the high-frequency gain.



CLAI M5 1. A method of investigating an optical master disk (3) during

the manufacture thereof, conprising providing a Tayer of devel opi ng fluid
(14) with 5 a surface of said |layer in contact w tum“ﬁmnmmammm _
opti cal master disk (3) to devel op said zprface, amto be

i nci dent on a region of said surface of said optical nhst'er "di $§k {3), and
| nvestigati ng @tAiMast one diffracted |ight beam 10 (8, 10) generated from
said light beam (6) by diffraction at said region of said surface;
characterised 1n t hatmetho@hef s$nvéastdgaftirige araygrtigialdaenasitepi hisk ui d
(14) is in contact with a rigid body (4,35,50) spaced 15 from said opti cal
mast er di sk su€B)teemprisingicckness of said | ayer of devel oping fluid (14)
at at |least said region of said surface of said optical master disk (3) is
deterni ned by the spPEEVAE§ipet \ﬁee\riiis%ﬁ cP%p@PU&P—OR&§9erﬂdﬁiéix () anithai d

rigid body (4,35,650). 20 2. A et hod, accordin aiml1, V\/nereln sai d
atgl east one dPf Fpi)(ff‘é’& efgsaigh AAYET 159 EBHEPFg:e 173:?? i SuLhaRe ©

di ff d i 8 d I id
at | east one 8ﬁw52%5‘58c%\}gwes&g§m$§%%ﬁﬁc°r 4%@%% S%a?‘iﬁ“ Ferbereer
diff d | 8

al:coigfag toI g%%u%gte (a)+f$lqt étgtl;)ﬂog(:-)':l;V\,gere| sal r| g| 8 bo% ‘gg 50) is

transparent and,j3 surface of said optical master dlSk (3), and

investigating at least one diffracted light beam
10 (8,10) generated from said 1light beam. (6) by
diffraction at said region of said surface;
characterised in that:
another surface of the layer of developing fluid
(14) is in contact with a rigid body (4,35,50) spaced
15 £from said optical master disk such that the thickness
of said layer of developing fluid (14) at at least
said region of said surface of said optical master
disk (3) is determined by the spaging between said
optical master disk (3) and said rigid body (4,35,50).
20 2. A method according to claim 1, wherein said at
least one diffracted light beam (6,10) comprises a
first-order diffracted light beam (8).
3. A method according to claim 1 wﬁerein.said at
least one diffracted light beam (8,10) comprises a
25 first-order diffracted light beam (8) and a zero-order
beam (10).
4. A method according to any one of claims 1 to 3,

wherein said rigid body (4,35,50) is transparent and
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28 at least one of said |light beam (6) and said at | ted
beam (8, 10) passes through said rigid body (4, 35, SOlimmmmﬂlmﬂgm
according to any one of the preceding 5 clains, whereincsal dwsals t one
diffracted |ight beam (8, 10) is generatéﬁ’fron1said | i ght beam (6) by.

flection at ' ' f id - f f ' tJd cal., t di,sk (3
b O ot hou AEchPRRRyOnE afy Sphg” SiobtopRen: by Shd BB Seage’ | 17
| east one diffractﬁd IE%

h 8, 10), d 50 Lights b
(5) by 11 ansm SBPoRERFRSSROL BRI 09 1S PEREEd ERrbhaR S3eh it P2EM

met hod accor di 0,an%=0Re+0f the preceding clains, including supplying
sai d developingg?%u§%'?f4$%f5 t hrough a nozzle (34), said rigid body being

a wi ndow (50) kn sapd .ﬁ}%& 434drdafng t6 W UBhACee! €hBY graciwimpe of

t he preceding cl ai s, erein salrd Iight beam (6) is periodically nodul ated

inintensity. 29aifs, whdEiiQdsagaor4k NlehgtaMhdNaigkrhbeenr eoashtig
clains, wherein said optical master disk (3) is coated with photoresist (2)

to form sai d suehacq &f1pi ik qpenerdtaasEeomdsaid( 3)ighnd beadnd (Bptloy esi st
I s exposed to nodul ated light prior to the providing of 25 said | ayer of
sai d devel opi ngefflleictifcid) abtn ssdidl segiane aff said cpirfate madst esaidldsk. 10.
A nmet hod according to any one of the preceding clains, wherein said optical
mast er di sk (3pptdcal master disk (3).

6. A method according to any one of claims 1 to 4,

10 wherein said at least one diffracted light beam (8,10)
is generated from said light beam (6) by transmission
through said surface of optical master disk (3).

7. A method acéording to any one of the preceding
claims, inclﬁdiné'supplyingﬁéaid developing fluid (14)'

15 through a nozzle (34), said rigid body being a window
(50) in said nozzle (34).

8. A method according to any one of the preceding
claims, wherein said light beam (6) is periodically
modulated in intehsity.

20 9. A method according to any one of the preceding
claims, wherein said optical master disk (3) is coated
with bhotoresist (2) to form said surface of said
optical -master disk (3) and said photoresist is
exposed to modulated light prior to the providing of

25l said layer of said developing fluid (14) on said
surface of said optical master disk.

10. A method according to any one of the preceding

claims, wherein said optical master disk (3) is



29 rotated when said | ayer of said'developing'fltﬁfkf&ﬁ}—fs—pfﬁvfded

thereon. 11.. An apparatus for investigating an opfs k. (3)
during the manufacture thereof, conprising 5 : m!{@&ﬂmmmﬂ% 31)
for supporting said optical master diskg3); neans= orsu ng a

| ayer of a developing fluid (14) to a surface of said optical master disk
(3) when sai dcotmtieh|whimst €4idi B&kyéB) of SsaifpdetveliopingO fdaiid {ugport neans
(30,31); a light source (5) for generating a |light beam (6) to be incident
on a regi on dfs Revided athevéosai d optical master disk (3) when said

optical master disk (3) is supported by said support nmeans (30,31); and 15
a light detecklr (9) fok metbediaf invesigigagdagderf PREIEdY mgistegeam (8)
generated fromsaid |ight beam (6) when said |ight beam (6) is incident on
sai d regi on ¥ (ByPPERELSENIAI d optical master disk (3); 20 _
cupport mins (30, Bagvi e’ soteaare o bydeer iontod BIHY Tl " such-
LU Cii; ngggfgéesgifd said3 Q.Layer in contact with a surface of
said optical mastér disk (3) to develop said surface,
causing a light beam (6) to be incident on a region of
said surface of said optical master disk (3), and
10 investigating at 1least one diffracted 1light beam
(8,10) generated from said 1light beam (6) by
refraction at said region of said surface;
characterised in that:
said at ieaéf one diffr;cted lighf beam (8,10) is
15 generated from said light beam (6) by reflection at
said surface of said optical master disk (3).
12. A method accordiﬁg to claim 11, wherein said
light beam (8) comprises a first-order diffracted
light beam (8).
20 13. A method according to claim 11 or claim 12
wherein said light beam (6) is periodically modulated
in intensity. _
14. A method of investigating an optical master disk
(3) comprising:
25 providing a layer of developing fluid (14) with
a surface of said layer in contact with a surface of

said optical master .disk (3) to 'develop said surface,

Causing a light beam to be incident on a region of
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| ayer of developing fluid (14) at at |east said region- of sai e of
said optical master disk (3) is deternm ned by the spaﬂm gﬂ“m&m&ﬂg .
optical master disk (3) and said rigid body (4, 35,50)1 ol i =dt US
according*to claim 11, wherein said rigid Body (4,35,50) is transparent.
13. An apparatus according to claim212, wherein said rigid body is a

wi ndow (4) in a ki’ ngutrfaceoifi 8ang P itlckel cobeteld)dish UB), Aand
apparatus according to claim 13, wherein said window is of sapphire. 15. An
appar at us accor diimyestigatiing 1 atvhdeeist sene r dgfdroeded 331aghdr nbeamwal |
of said neans for supplying said developing fluid (14). 15 16. An
appar at us accor di(fy ¥Q®) cl generatedhefaion sFdeahiohdr AP yi 68) saby
devel oping fluid (14) has a nozzle (34) extending towards said support
means (30, 31) andli&firpetipr abosaid BegiaRsPAr SRLINSHIFRASEI0) in a wal | of
said nozzle (34). 20 17. An apparatus according to any one of clainms 11
to 16, wherei P said sEtRIEAFESTY %ds%ﬁ‘dtg@?éctor (9) are on the same side

of said optical master djsk. (3).when saj tical ter _di (: | S .
supported on said supp%?fénﬁélﬂét\(,\gﬁ?‘%l?#%gg R%?mﬁ?-%?g& ra%t?gla@gggrsdinng to
any one of clains,l }10'%7’ wherein said detector (9) and said neans (34)
for supplying sai gVt %an fluid are integral. 19. An apparatus

according to any pge Oﬂncgﬁbg§a%&stQOEHEﬁVestigating an optical master
disk (3) comprising:
10 support means (30,31) for supporting said optical
master disk (3);
means (34) for supplying a layer of a developing
fluid (14) to a surface of said optical master disk
(3) when said opfical maste; disk (3) is supported by
15 said support means (30,31):;
a light source (5) for generating a light beam
(6) to be incident on a region of said surface of said
optical master disk (3).when said optical master disk
(3) is supported by said support means (30,31); and
20 a light detector (9) for detecting at least one
diffracted light beam (8) generated from said light
beam (6) when said light beam (6) is incident on said
region-of said surface of said optical master disk
(3);
25 characterised in that:
a rigid body (4, 35, 50) is provided adjacent
said support means (30,31) to be confacted by said

developing fluid (14) such that the_ thickness of said
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31 18, having control neans (110-128) for controll

TﬁnrtﬁﬁrTﬂTmﬂ1ﬁﬁrTﬁ—

devel opnent of said surface by said devel opi ng f|UI I s of

t he out put of said detector (9), said control neans ﬂ
Igtn [

arranged to nodul ate periodically the.igfensity of sal am* rom
said source (5). 20. An apparatus according to any one of claims 11 to 19

wherein said 53989réf3@é0é1&§9n§1hu§drpialsaé)éeat NS diy rz%%% sai d

optical master disk havi ng control means (110-128) °f

controlling tbe p=a@ %@rﬂécéeb@ RNt opticaid ngderc ed byk say Ci%/_el opi ng
fluid (14) on the basis of the output of said detector (9), said control
means (110- 128gteemiged dyr ahgedpacimgd betiveere saddi cpticdlhandsteansi ty of
said light beam from said source (5). 24. An apparatus according to any one
of clains 15 déSBB(ﬁhea@ﬁhsaﬂdjniqﬂﬁnhodxﬁk$,380531) is rotatable, thereby
to rotate said optical master disk (3 10 25. An apparatus for

i nvesti gat Pnglén opn eppaneius agoar %ia)g &m&l@mgl sufhsreinessaigd (30, 31)
for supporting said optical naster , _heans (34) for supplying a

| ayer of a de¥dG3si hpats ¢4 Lﬁﬁiﬁolh)iﬁ ot%a ?ﬁ%’é of said optlcal mast er

?T;ZES(?QOV\QE;] $7al d gpta{p%aalrarq:axfst earccoré(irgg to c a n;‘)orée wh rgfrll ds§1£port
rigid body is a window (4) in a housing (1) containing
said detector (9).

10 18. An apparatus according to claim 17, wherein said.
window is of sapphire. |
19. An apparatus according to claim 15, wherein said
rigid body (35) forms a wall of said means for
supplying said dé&eloping fiuid (14).

15 20. An apparatus according to claim 15, wherein
said means for supplying said developing fluid (14)
has a nozzle (34) extending towards said support means
(30,31) and said rigid body is a transparent window
(50) in a wall of said nozzle (34).

20 21. An apparatus according to any one of claims 15 to
20, wherein said source (5) and said detector (9) are
on the same side of said thical master disk (3) when
said optical master disk (3) ié supported on said
support means (30,31).

25 22. An apparatus according to any one of claims 15 to
21, wherein said detector (9) and said means (34) for
supplying said'developing fluid are integral.

23. An apparatus according to any one of claims 15 to
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a light source (5) for generating a Iight beam (6) td be incident on

regi on of said surface of said 20 optical master d| sK mumm mum IHI cal
master disk (3) is supported by said support neans (30,

detector (9) for detecting at |east one ffracted Ilght bean1(8 generated
fromsaid I'i ght beam (6) when said i ht beam éi i s incident, on

id 25
regi on of sai c?%vuﬂ@é@é’%ﬁ%ﬁ?%ﬂ‘? ) dox Wn?r%]d&%r‘ﬁ?ed in
t hat d d t ect 9 t he, Thi s ,Sheet B
o * Sane ot &s 25 S ?%@%J %. F518) HRrRS Pop e mmot or

di sk (3 D . 26, A f

(303§1 i 2;5%3“%%%{?? § Fg O o e bk log e 8 T%f%aé >
or su ic S

supplying a de%%?%ﬁ?%geéﬁh?d??f4)%%32§§%ﬁﬁ?Q§e%§%'salggggfﬁc ?méﬁer dISk

(3) when sajd égrﬁﬁééamtémﬁtbahl@tﬂ( @éhbaléammgr @k byntandityPpoEt means
(30,31); a light source (5) for generating a t beam (6) to be incident

on a_reglon ofsagadlgghtC@bamaaﬁeﬁnc&g&a(éﬁuf@@n(syld optlcel nmast er di sk
(3) is 15 supported by said support nmeans (30,31); and a |light detector
(9) for detectng ahn epphrettis according to any one of claims 15 to
23 wherein said support means (30,31) is rotatable,
thereby to rotate said optical master disk (3).
10 25.. An apparatus for investigating an optical master
disk (3) comprising:
support means (30,31) for supporting said optical
master disk (3):
means (34) for supplyigb a layer of e developing
15 fluid (14) to a surface of said optical master disk
(3) when said'optical master disk (3) is supported by
said support means (30,31):;
a light source (5) for generating a light beam
(6) to be incident on a region of said serface of said
20 optical mester disk (3) when said optical master disk
(3) is supported by said support means (30,31); and
a light detector (9) for detecting at least one
diffracted light beam (8) generated from said light
beam (6) when said light beam (6) is incident on said

25 region of said surface of said optical master disk

(3):
characterised in that:

sald source (5) and said detector (9) are on the

ThlS Sheet Has Been Rei

[l llllll i




diffracted |ight beam (8) generated fromsaid lig
| i ght beam (6)

6) when said
I's incident on said region of said surface of said optical

master disk 20 (3); characterised in that: said &piﬂ"ﬂl Hﬂ u ]
control means (110-128) for controllinggthe progre c”’ 'mm ﬂ“"r

cl udes-
of said

surfate by said devel oping fluid (14) on the 25 basis of fhe"odipdt of said

detector (9)samdl 4i6@NdP! sdB@NSprikhi0medder ALERI(3)akbAPIKEIALO

nodul ate periodically the intensity of said |ight beam (6) from said source
(5). This Sheptitias Reetcre@ianed(3) is supported on said support

10

15

20

25

means (30,31).
26. An apparatus for investigating an optical master
disk (3) comprising:

support means (30,31) for supporting said optical
master disk (3):

means (34) for supplying a developing fluid (14)
to a surface of said optical master disk (3) when said
optical master disk (3) is supported by said support
means (30,31);

a light sourcé (5) for generating a light beam
(6) to be incident on a region of said optical master
disk (3) wﬁen .éaid opti;al master disk (3) is
supported by said support means (30,31); and_

a light detector (9) for detecting at least one
diffracted light beam (8) generated from said light
beam (6) when said light beam (6) is incident on said
region of said surface of said optical master disk
(3):

cﬁaracterised in that:

said appa;atus further includes_control means
(110-128) for controlling the progress of development
of séid surface by said developing fluid (14) on fhe
basis of the output of said detector (9), said control
means (110-128) being arranged to modulate

periodically the intensity of said light beam (6) from

sald source (5).
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