The-iffvention relates to a method of*¥ln#&ct Uri ngREPRACEDX SHEETBr oduéfing
optical “di“sks, whereby a photoresist filmis gpphesdiption apagedsiir.ustinagad. 2.....
matri pl ate, and the photoresist film appliedif Clsm(sict upagd .dndionheedb
sai d ructuring of the photoresist film appl gyl Peaciagssi: yedert . Conprjages.. 2
steps fof selectively exposing and devel opjng t Ap,g@i@resbggedf Ik moagagédefi
A nethjod of this kind is known fromthe publidg RYphui s, edltor
"Pringipl es gfmedRbd ¥ mmﬁ&cmhgr@ ‘matABARLHI 1 ot R Sk R
descrijpes thg conyenti gnal t hod of mass- prodUC|ng optlcal dISkS also
cal l ed repli MeTHE AethB8tHkes use of an injection noul ding process and
matrices which are manufactured through the mediumof a master; that is,
first p master is made and then R ¥ fteleAMs MinbBSFREhRSctur ing a
5 matrix for producing optical disks, whereby a photoresist film is applied
to an unstructured matrix plate, and the photoresist film applied is
structured, and whereby said structuring of the photoresist film applied
successively comprises the steps of selectively exposing and developing
the photoresist fiim appIied:
{0 A method of this kind is known from the publication:
G. Bouwhuis, éditor, "Principles of optical disk systems", Adam Hilger
Ltd., Bristol 1985, which describes the conventional method of mass-
producing optical disks, also called replicas. The method makes use of
an injection moulding process and matrices which are manufactured through
{5 the medium of a master; that is, first a master is made and then a matrix
by means of the master.
Optical disks contain information recorded in a
geometric structure. More in particular this geometric structure consists
of pits and lands, said pits being provided in concentric circles or in
0 a spiral in a surface of a respective optical disk. Also grooves are
sometimes used to form the structure of optical disks. Generally this
concerns media capable of being written on, such as CD-Recordable and
magneto-optical disks. The known method of mass-producing optical disks
E of this type can be subdivided into three stages.
5 During the first stage information stored on an
: information carrier, in particular a magnetic tape, is converted into a
5 sequence of electrical pulses. These pulses control the intensity of an
exposing unit, in which a substrate plate, for example of glass, provided
with a photoresist rotates. Thus small areas in the photoresist are
30 exposed, which are dissolved in an aqueous basic solution in a next step.
The result is a structure of pits, as is also desired for the eventual
optical disk; This intermediate product is called a master.
During the second stage one surface of the master is
plated with a thin metal film. This metal fiim serves as an electrode for
35 galvanically growing a relatively thick metal film, in particular nickel.

After physically separating the substrate plate and the thick metal film
the information structure mentioned above is present on a surface of the
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diisks contain information recorded in a geonetric structure.
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in a u}1y automated system, such as the applicant’s AMS 100.

During the third and final stage the matrix is placed
in the mould of an injection moulding machine, by means of which Targe
series of optical disks, such as audio and/or video disks are produced.
Finally the optical disks are metallized and provided with a protective
coating and a label or a print. The third stage is a fully automatic
production process.

Tae above-described known method is used woridwide,
whereby use is made of a positively acting photoresist, whose main
characteristic is the fact that the exposed areas of an exposed film of
said positively acting photoresist are removed by developing, while those
areas that have not been exposed remain intact.

The drawbacks of said galvanic growing process during
the second stage discussed above are that a great deal of manual operations
have to be performed and that a relatively great amount of chemicals must

‘be used. Although said operations are carried out by a handling unit in

an automated process, the required very high complexity of this unit may
lead to high costs and reliability problems. The electroplating time cycle
is typically about 1 hour, which is long.

Although it is possible, by a so-called "family making"
process, to make more than one matrix per master, by using a matrix itself
as an information carrier and making use of a galvanic process, this method
is being applied less and less in the industry, precisely because of the
above-mentioned drawbacks. Also smaller batches of disks, such as for CD-
ROM disks, have contributed towards ending the practice of making a
"family".

The object of the invention is to alleviate or overcome
the drawbacks of the known method referred to above, as a result of which
the time cycle will be shortened, the number of errors will be reduced,
output will increase and the use of chemicals can be pushed back, and to
reduce the capital outlay for purchasing the complete production equipment.

In accordance with the invention a method of the kind

referred to in the_preamb1e 1s proposed to accomplish that objective, which
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expos®@, ‘which are dissolved in an aqueous basic solution in a next step.
The refult is a structure of pits, as is also desired for the eventual
opticalf disk. This internediate product is called a master. During the
secondyst age one surface of the nmaster is plated with a thin netal film
Thi s tal filmserves as an electrode for_galvanically growi ng a
relatiely thick netal film in particuIaT3hickeI. After physically

struce gremen StaciBhied &' el labd Vet e Tradpnge oo Rt i, FrkEapaly
filmid i nverthedpipdores i, f Timeto tthe unsitcicturedimatiixmpdatesheet or shell is
cleareq of any residual phot gpeg{eSkamé dhd! P mltAfd 3RUMSRIndSeferred to in
the preamble is propesed in accordance with the invention, whereby a
5 pasitively acting photoresist is used to apply the photoresist film to
the unstructured matrix plate, a metal film is applied to the unstructured
matrix plate, using the structured photoresist film applied to the
unstructured matrix plate as a mask, after which the structured photoresist
film is removed to produce the matrix, characterized in that said metal
510 film is applied to only the unstructured matrix plate in a thickness
' smaller than that of the structured photoresist film.
At least for the -time being negatively acting
photoresists seem to produce better results, so that these are to be
_ preferred as yet.
15 The invention will be explained in more detail hereafter
with reference to thé drawing, in which:
Figure 1 schematically shows an embodiment of the
proposed method, wherein a negatively acting photoresist is used;
Figure 2 schematically shows a variant of the method

g
o

of Figure 1;
Figure 3 schematically shows an embodiment of the

proposed method, wherein a positively acting photoresist {filling process)
is used.

In Figure 1 a negatively acting photoresist is used.
5 Exposed areas of a film of a negatively acting photoresist remain after
developing, whilst areas that have not been exposed are removed by
developing. When a negatively acting photoresist fiiw is according to the
jnvention applied to an unstructured matrix plate, which might in principle
be placed directly in the injection moulding machine, and said photoresist
10 film is structured, it becomes possible to leave out the metallization
step as well as the electroplating step. If necessary or advantageous a
few new steps for structuring and stabilizing the negatively acting
photoresist film are introduced instead. As will be explained hereafter,
said new steps are short and simple process steps, wherein no chemicals
F are used. —_
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a so-c@lled matrix during the third stage yet be described hereafter. The
steps.§arried out during the first and second stages may al so be executed
inaf |y aut omated system such as the applicant's AMS 100. During the
third §nd final stage the matrix is placed in the nould of an injection
nmoul di g machi ne, by neans of which | arge4series of optical disks, such as
audi o gnd/ or video disks are produced. Finally the optical disks are

netal | ijzed and provi ded withTke feonebmistreuctordd mgtand pdateballsorcoappisest .

The thilrd st%qgnlu%t&ef&h%% g%ﬁ%g !ﬁvﬁ’ﬁ#’ §ﬁtd§% &rgre 'S JJL% as so-called

above-descri bed kn use y use is nmad
posi ti Vel y adresnpopeonifor cuiask ingnawesasi n characteristic is the fact that

the exposed areas of an expom'cédrhmé@‘wm' thePPHihhv ok ¥ 186Hd P RIIRE ReBFi St
are remved by devel opi ng ose
.5 acting photores1st s 1fiew1se used, but two further steps are added. The
structured negatively acting photoresist film is thereby used as an etching
mask for structuring the unstructured matrix plate, after which the
negatively acting photoresist film is removed. Although wet processes are
reintroduced with this variant, the stability of the geometric structure
10 of the working surface of the matrix might be better, which may be
advantageous when larger batches of optical disks are to be produced. This
: variant will be shorter and cheaper than the known method, however. An
! in-Tine process remains possible thereby. Furthermore a material to be
. etched may be applied to the unstructured matrix plate, in a thickness
15 equal to that of the eventual structure.

In Figure 1 the unstructured matrix plate is indicated
at 1, the applied photoresist film is indicated at 2, and the structured
photoresist film is indicated by reference numeral 3. As is furthermore

| indicated in Figure 1, the successive steps may be the following: preparing
0 an unstructured matrix plate 1; applying a negatively acting photoresist
to the prepared unstructured matrix plate 1; drying the photoresist applied
in order to provide a photoresist film 2; selectively exposing the
phatoresist film 2 by laser light; heating the selectively exposed
: photoresist film 2; developing the integrally exposed photoresist film
5 2, in order to provide the structured photoresist film 3; and heating the
structured photoresist film 3.

The preparation step of the unstructured matrix plate
1 comprises cleaning and possibly the application of a priming for the
photoresist yet to be applied.
80 During the drying step the solvent in the photoresist

is removed.
When preparing the unstructured matrix plate 1 stripes

appeared to occur upon rinsing with MIBK. This problem could be solved
h by using ethyl acetate instead of MIBK.
3 By selectively exposing the negatively acting

photoresist an acid is formed in the exposed areas.

—
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areas tihat, have not been exposed remain intact. The drawbacks of said

gal vani{c growi ng process during the second stage di scussed above are that a
great deal of nanual operations have to be perforned and that a relatively
great gmount of chem cals nust be used. Although said operations are
carried out by a handling unit in an autogmted process, the required very
high canplexity of this unit may |ead to high costs and reliability

probl ens. The el ectropl ati ng?.ytﬁemtmg/tﬂxeanégathy@bc@dﬂmg@howreitmﬁdsﬂowﬁirig:h S
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above-nenti oned drawbacks. so sna es uch
5 formed in the nonexposed areas, the result of sa1d acid being that the

areas which have not been selectively exposed and which are thus not cross-
linked are dissolved more quickly during the developing process.
As a result of the heating step following the developing
process the exposed and thus cross-linked areas will be reinforced by
0 further cross-1inking of polymer chains.
In Figure 2 the same steps are carried out as in Figure
1, except for the last heating step, which is replaced by a wet etching
step and a photoresist removing step, and an unstructured matrix plate
1 is used, on which a metal film 4 is provided. For the rest the same
5 reference numerals have been used. Numeral 7 indicates the structured metal
film, but in principle this may also be a structured surface of the
unstructured matrix plate.
Figure 3 jllustrates the filling process. The steps
up to and including the selectively exposing step and the developing step
0 are analogous to the method of Figure 1, of course with this difference
| that the structured photoresist film 3 of Figure 3 has an inverted
structure, because a positively acting photoresist is used instead of a
negatively acting one. The steps following the developing step comprise
the selective application of a metal 8, that is the filling step, and the
5 removal of the structured photoresist 3. In Figure 3 those parts
corresponding with Figure 1 have been given the same reference numerals,
whilst the selectively applied metal film is indicated at 8.
The result of the method according to Figure 1 is a
matrix comprising photoresist posts 3, whilst the result of the methods
b according to Figures 2 - 3 is a matrix comprising metal posts 7. When the
matrix according to Figure 1 is ready, it may be provided with a thin metal
film of for example chromium, nickel or aluminium, in order to extend the
1ife of the matrix during the injection moulding process.
A common feature of the embodiments described with
§ reference to the drawing is that a photoresist film 2 is applied to an
unstructured matrix plate 1, and that the applied photoresist film 2 is
structured. For handling purposes the unstructured matrix plate 1 may be
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RONIdi ks, have contributed towards ending the practice of nmaking a

"fami | y". "The object of the invention is to alleviate or overcone the
drawbacks of the known method referred to above, as a result of which the
time c?cle wi Il be shortened, the nunber of errors will be reduced, output
wi |l increase and the use of chem cals cag-be pushed back, and to reduce
the capital outlay for purchasing the conplete production equipnent. In
accor dance wpflacadnheni nsshstrateap tadehofl for ekamplienglasaf ématedhdwn)i pridre to

preandl e is RpERAREYnL PnSErRIPLL Fnt D 3P B GEEIMGy 0¥ VRE pp1iedshotoresist
film 2 may take place in a photolithographic manner, whereby the applied
photoresist film 2 is successively selectively exposed and developed. When
5 a negatively acting photoresist is used to apply the photoresist film 2
to the unstructured matrix plate 1, it may be advantageous to heat the
selectively exposed photoresist film 2 applied and/or integrally exposed
said photoresist film 2 prior to developing, both measures being intended
to obtain a thermally stable structured photoresist film 3. The use of
10 a negatively acting photoresist makes it possible that the matrix is
directly obtained by using the proposed method, as is described with
reference to Figure 1. In this case it is still preferred to heat the
developed photoresist film 2 applied with a view to further thermally
stabilizing the structured photoresist film 3. As an alternative, still
15 using a negatively acting photoresist, the unstructured matrix plate 1
may be etched, using the structured photoresist fiim 3 applied thereto
as a mask, whereupon the structured photoresist film 3 may be removed to
produce the matrix, as is described with reference to Figure 2. As is shown
in Figure 2, a metal film 4 may be applied to the unstructured matrix plate
20 1 prior to applying the photoresist film 2 to the unstructured matrix plate
i 1, in a thickness which is substantially equal to the height of the
f structure desires for the matrix. This may simplify the etching procedure.
When a positively acting photoresist is used to apply the photoresist film
: 2 to the unstructured matrix plate 1, a common feature of the proposed
?5 method, an embodiment of which is described with reference to Figure 3,
that a meté] film 8 is applied to the unstructured matrix plate 1, using
the structured photoresist film 3 applied to the unstructured matrix plate
1 as a mask, and that subsequently the structured photoresist film 3 is
; removed to obtain the matrix. In accordance with the filling process shown
30 in Figure 3 the metal film 8 is then only applied to the unstructured
matrix plate 1, in a thickness smaller than that of the structured
photoresist fiim 3.

Now an embodiment of the proposed method in accordance
with the embodiment shown in Figure 1 will be described. AZ RAY-PRO
15 (manufacturer: Hoechst) was used as the negatively acting photoresist.
This photoresist was coated, by means of a spinning process, on to a blank
' nickel shell having a thickness of 300 pm, | whxch was glued on to a standard
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I's characterized in that a negatively acting photoresist is used to apply
the photoresist filmto the unstructured matrix plate. To the sane end a
met hod of the kind referred to in the preanble is proposed in accordance
with the invention, whereby a positively acting photoresist is used to
apply the photoresist filmto the unstructyred matrix plate, a metal film
is applied to the unstructured matrix plate, using the structured

phot or esi st fg ;gL bwsst Qth%atlgw Wy Wredx ﬁ‘é%t p'Iﬁ‘ta% et udRSirocaéd er

whi ch the structured photoresi st m1s renove pr od uce th mat ri x,
char act eri zedthensheddmay dieatiaghad £o _nf Tad caa;rpsneredsw @ﬁwBySOt A laket bydeated

matrix plate dfnaavatcﬂhxﬁkﬂ'@ﬁsa %Wﬂﬁ!@ fianth Rhe &f oF hE20Shk UCLHTIRG oR Nt @R BSI St
film At Ieaé% for the ti ing neg atlvelélactln hotore5|s}% seemto
produce bet t PNOFRRSTEE a“QoetthH (3CRhRl Aa,r% di (peRt 10 "90“‘0“ of 10 : 1 was

5 used in combination with a spinning speed of 700 RPM for 20 seconds.

After spin-drying the nickel shell/glass substrate
assembly for 200 s at 1530 RPM this assembly, encased in a protective box,
was heated in a recirculation oven at a constant temperature ¢ 80 ¢ for
30 minutes, in order to dry the negatively acting photoresist filmapplied.

10 After cooling the assembly was exposed by means of a
master registration system (MRS}, which consisted of an EFM signal source
and an 8 inch laser beam registration apparatus (LBR). The EFM modulated
laser light having a wavelength of 459 nm was focused, with a numerical
aperture of 0.45, on the nickel shei]/gWass substrate rotating at a

15 tangential velocity of 1.4 m/s under the objective of the LBR, whereby
a nominal writing capacity of about 4 mW was used.

Immediately after the exposing step the assembly and
the protective box cover were placed horizontally in a free convection
oven and heated at a temperature of 120 “C for 60 minutes.

W0 After cooling in a cabinet with downward flow the
assembly was placed in a 1ight box specially arranged for that purpose,
whereby integral exposure took place for 4 minutes. As a result of this
the nonexposed parts of the negatively acting photoresist film provided
on the nickel shell were exposed as yet.

%5 After that the assembly was developed in an 8 inch
developing system, whereby after rinsing with demineralized water for 15 s
the assembly was developed in a diluted developing fluid solution at a
rotational speed of 200 RPM, the proportion between developer and

: demineralized water being 1 : 2.5 thereby. The basic developer used was

0 a buffer solution of sodium hydroxide and tetra sodium diphosphate. After
a rinsing period of 15 s with demineralized water the assembly was spin-
dried at 1530 RPM for 200 s.

Reheating and cooling took place in the same manner
as after exposure, the only difference being the fact that the oven

5 temperature set was 140 °C.

E Finally the nickel shell was separated from the glass

substrate and processed, by means of conventional processing operations,
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preferred as yet. The invention will be explained in nore detail hereafter
with'reference to the drawng, in which: Figure 1 schematically shows an
enbodi ment of the proposed nethod, wherein a negatively acting photoresi st
is used; Figure 2 schematically shows a variant of the nethod of Figure 1;
Figure 3 schematically shows an enbodi ment-8ef the proposed nethod, wherein
a positively acting photoresist (filling process) is used. In Figure 1 a
negativel y acsiefyapipol tahdag $he irsamséde afk pusttdgar eentrat ha'd,i imboof sdandard
O ot Boac (ENPRAYIL 3% 84 pIECH T Ahb Hould'SH BF'iRGect1Bh R8T a1
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for mass produc1ng cD rep11cas

Signal measurements carried out in combination with
transmission order measurements on the CD replicas produced indicated that
the bulge geometries on the matrix did not present any insurmountable
problems with regard to the direct copying quality of the replicas.

From this and additional visual measurements, among
which atomic force measurements (AFM), it appeared that the process
parameters could be further optimized to enhance the quality of the matrix,
among which the signal quality and durability under specific moulding
conditions. Experiments carried out in this framework will be described
hereafter.

A film thickness range of 120 - 180 nm was taken for
the application of the negatively acting photoresist, whereby it appeared
that the best results were obtained at a film thickness was 180 nm.

With regard to the heating temperature tests were taken
within the range of 60 - 110 "C with a duration ranging from 20 - 40
minutes, whereby the best results were obtained when a temperature of 80 °c
was used.

As far as the numerical aperture was concerned a range
of 0.3 - 0.5 was used, whereby only a slight increase of the signal quality
occurred when a high numerical aperture was selected.

The temperature range for heating following the exposing
step was 85 - 125 "C with a duration of 25 - 60 min., whereby the
temperature appeared to be critical and a temperature of 115 °C produced
the best results.

For developing in diluted NaOH tests were taken in the
time range of 30 - 50 s, whereby developing periods of 40 - 50 s were
preferred.

For the temperature and time ranges used for the heating
step following developing 120 - 160 C and 15 - 45 minutes were used
respectively, whereby temperatures from 160 °C within the said range and
Tower values within the said time range produced the best results.

The results were as follows:

JITTER 17 ns ——
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devel opi.ng. Wien a negatively acting photoresist filmis according to the
i nvention®applied to an unstructured matri x plate, which mght in principle
be placed directly in the injection noulding machi ne, and sai d phot oresi st
filmis structured, it beconmes possible to | eave out the netallization step
as well as the electroplating step. If n@eessary or advantageous a few new
steps for structuring and stabilizing the negatively acting photoresist
filmare introduced insteadll As will beé.8xpl ai ned hereafter, said new steps
are short and sinple procesg, steps, whgrei@ no chem cal s are used. -4-
When an experiment was carried out with the above
optimum values within the selected ranges, but a temperature of 185 C
5 for heating following developing, it appeared that 2000 disks could be
produced with the proposed matrix in the injection moulding machine,
whereby the matrix did not exhibit any degfadation whatever.
[t is self-evident that the heating step may also be
‘carried out in a different manner, for example by means of a so-called
0 "hot plate”.

For reproducibility reasons it may be necessary to
develop to order. Compared with the developing step which is used when
producing masters, the developing curve looks quite diferent now, because
the lands are removed during the developing process of the proposed matrix.

In the conventional process the transmission {zero and first orders) of
the laser beam is measured, because the substrate is transparent, whilst
with the proposed method the intensity of the 1ight diffracted by
reflection of the laser beam is measured, whereby the measured intensity
of the diffracted light goes through a maximum in the first order. The
stopping criterion for developing is formed by the decrease of the
intensity of the diffracted light measured during developing by a certain
percentage, for example 10 - 20%, with respect to the predetermined
maximum. This also implies that instead of two diodes one diode is now
used to measure the intensity, and that when more Tight is used for the
writing step this does not mean that a shorter developing time is required,
this in contrast to the conventional method, but that on the contrary a
longer developing time is required. With the conventional process the
stopping criterion is determined by the ratio between first order values
and zero order values.
| Remarkable is furthermore the fact that with regard
to heating following developing it applies that a short time goes with
a Tow temperature and that a long time goes with a high temperature. This
is only a seeming contrast, which is based on the use of a negatively
acting photoresist instead of a positively acting one.
¢ Finally it is noted that the read-out in the matrix-

playback ‘equipment in case of a nickel matrix with plastic posts is

o
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o
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The term "unstructured matri x plate" also conprises unstructured matri x

pl at.es havi ng a groove or grooves such as so-called pregrooves for tracking
purposes. In accordance with the variant of Figure 2 a negatively acting
photoresist is |likew se used, but two further steps are added. The
structured negatively acting photoresist-fgd mis thereby used as an etching
mask for structuring the unstructured matrix plate, after which the
negativel y adiffreyepbidhen cini sisef of m matrienmwedisiAgthetnictuetd prckesaga-iar e
rei ntroduced qgég]tkns variant, the stability of the geonetric structure of
t he wor ki ng gur ace of the matrix m ght be better, which may be

advant ageous when | arger batches of optical disks are to be produced. This
variant will be shorter and cheaper than the known nethod, however. An
in-line process renmains possible thereby. Furthernore a material to be

_ .
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etched nay be applied to the unstructured matrix plate, in a thickness 8
equal to’that of the eventual structure. In Figure 1 the-unstructured d

matrix plate is indicated at 1, the applied photoresis E@“ndlcated
at 2, and the structured photoreS|st filmis indj “ﬁ&w g ce nuneral
3. Asis furthermore indicated in Fi gure-1; the “ en steps may be the
fol | ow ng: prgﬁarlng an unstructured matrix plate ™,; applylng a negatively

acting phot oflddM8t to the prepared unstructured matrix plate 1; drying the
phot oresi st applied in order to prow de a photoreS|st film2; selectively

exposing the photoresist film?2 | aser ght; heating the selectlvely
exposed photoresist film2; Ideee’f‘%ﬁp?lgoﬁ Wé“li'fr?tcégﬁmgl ¥y Wﬁé&ef@rphm@ﬁé@ st

film2, in Oclspftef:almakﬁvbaﬁ@rébh}ea bteredh ol AMPTRr 850 15kd fddl B Iins@AR thead | ng
the stryct urﬁaq:r‘?g%la e S'ar?cs tLe pm) oresist film applied is structured, and whereby
said structuring of the photoresist film applied successively comprises
the steps of selectively exposing and developing the photoresist film
applied, characterized in that a negatively acting photoresist is used
to apply said photoresist fiim to said unstructured matrix plate.

0 2. Amethod according to claim 1, characterized in that
said unstructured matrix plate is provided on a flat carrier prior to the
application of said photoresist film.

3. A method according to claim 1 or 2, characterized
in that said structuring of the photoresist film applied furthermore

5 comprises the heating of the selectively exposed photoresist film.

4. A method according to claims 1, 2 or 3, characterized
in that said structuring of the photoresist film applied furthermore
comprises the step of integrally exposing said photoresist film prior to
developing said photoresist film.

0 5. A method according to any one of the preceding
claims, characterized in that developing takes place to order, whereby
the intensity of the light diffracted by reflection of the laser beam used
thereby: is measured, the maximum in the first order of the measured
intensity of the diffracted 1ight is determined and the stopping criterion

5 for developing is formed by the decrease of the intensity of the diffracted
Tight measured during developing by a certain percentage with respect to
the predetermined maximum.

6. A method according to any one of the preceding
claims, characterized in that said structuring of the photoresist film

0 applied furthermore comprises the heating of the photoresist film following
the developing of said photoresist film.

7. A method according to any one of the preceding
claims, characterized in that the matrix surface comprising the photoresist
film applied is metal-plated following the structuring of the photoresist

5 film applied.

—_—
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The preparation step of the unstructured matrix plate I conprises cleaning

and -possibly the application of a primng for the to be
applied. During the drying step the solvent in thH mmﬂmm le Ilrem)ved
When preparing the unstructured matrix plate 1 strikpes appaare occu

upon rinsing wwth M8K. This problen1coubd be sol ved by using ethyl acetate

I nstead of M BK. By selectlveIK exposing the negatively acting
photoresi st an acid is forme8 PeidodxsoEding dqsany one of the preceding

claims, characterized in that said method directly results in the matrix,
including the structured photoresist film.
9. A method according to any one of the claims 1 - 7,
5 characterized in that said unstructured matrix plate is etcﬁed, using
the structured photoresist film applied thereto as a mask, and that
subsequently the structured photoresist film is removed to produce the
matrix.
10. A method according to claim 9, characterized in
10 that prior to applying the photoresist film to the unstructured matrix
plate a metal film is applied, to a thickness which is substantially equal
to the height of the structure desired in the matrix.
11. A method of manufacturing a matrix for producing
optical disks, whereby a photoresist film is applied to an unstructured
5 matrix plate, and the photoresist film applied is structured, and whereby
said structuring of the photoresist film applied successively comprises
the steps of selectively exposing and developing the photoresist film
applied, and whereby a positively acting photoresist is used to apply said
photoresist film to said unstructured matrix plate, using the structured
0 photoresist film provided on the unstructured matrix plate as a mask, that
a metal film is applied to the unstructured matrix plate, and that
subsequently the structured photoresist film is removed to produce the
matrix, characterized in that said metal film is only applied to the
unstructured matrix plate, in a thickness smaller than that of the

§ structured photoresist film.
12. Amatrix for producing optical disks, characterized
in that said matrix is obtained by using the method according to any one

of the claims 1 - 11.
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-5- By heating ‘the negatively acting photoresist follow ng said selective
exposure the negatively acting photoresist is cross-linked in the exposed
areas whilst the acid is catalyzed. As a result of the integral exposure an
acid is also forned in the nonexpdséd areas, the result of said acid being
that the areas which have not been selectively exposed and which are thus
not cross- |linked are dissolved nore quickly during the devel opi ng process.

As a result of the heating step follow ng g ger geget qpi ng process the
exposed and thus cross-linked areas will be reinforced by further
cross-linking of polyner chains. In Figure 2 the sanme steps are carried out
as in Figure 1, except for the | st twahtiivg 6dlapes Woi £ metisod eplranafadiyring a

wet et ching matrix for the production of optical disks by applying a photoresist film
to an unstructured matrix plate and structuring the photoresist film by
selectively exposing and developing said film. When a negatively acting
photoresist is used, the matrix may be metal-plated on the surface provided
with the photoresist film after structuring of the photoresist film.
Structuring of the photoresist filmmay comprise heating of the selectively
exposed photoresist film, integral exposure of the photoresist film prior
to developing and heating of the photoresist film following developing.
The unstructured matrix plate may be etched, using the structured
photoresist film as a mask, after which the photoresist film is removed
to produce the matrix. Prior to applying the photoresist film to the
unstructured matrix plate a metal film may be applied, to a thickness equal
to the height of the structure desired in the matrix. When a positively
acting photoresist is used, a metal film is applied to the unstructured
matrix plate, using the structured photoresist film as a mask, after which
. the photoresist film is removed to produce the matrix. A filling process
may be used thereby.
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step and a photoresist renoving step, and an unstructured matrix plate 1 is!C
used, on-which a netal film4 is provided. For the rest the sanme reference -
nunmer al s have been used. Nuneral 7 indicates the structured netal film but

in principle this my also be a structured surface of the unstructured

matrix plate. Figure 3 illustrates the filling process. The steps up to and

i ncludi ng the sel ectively exposing step]éﬁd t he devel opi ng step are

anal ogous to the nmethod of Figure 1, of course with this difference that

the structured photoresist film3 of Figure 3 has an inverted structure,
because a positively acting photoresist is used instead of a negatively
acting one. The steps follow ng the devel oping step conprise the sel ective

application of a nmetal 8, that is the filling step, and the renoval of the
structured phobggsgkith. In Figure 3 thdse parts
)

applying a negatively
acting photoresist

drying
selectively exposing +
heating *
Z 7.
integrally exposing *
. |
developing T 3
- -
heating {
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corresponding with Figure 1 have been given the sane reference nunerals,
whilst theé selectively applied metal filmis indicated at 8. The result of
the nethod according to Figure 1 is a matrix conprising photoresist posts
3, whilst the result of the nethods according to Figures 2 - 3 is a matrix
conprising nmetal posts 7. When the matrix ording to Figure 1 is ready,
it may be provided with a thin metal filmof “for exanple chrom um nicke
or alumnium in order to extend the life of the matrix during the

i njection nmoul ding process. A conmon feature of the enbodi nents descri bed
with reference to the drawing is that a photoresist film2 is applied to an
unstructured matrix plate 1, and that the applied photoresist film2 is
structured. For handling purposes the unstructured matrix plate 1 may be

3
4
\
%%%%¢%%g%£
PN
W////////%é
; 7

Figure 2

wet etching

.o

removing the photoresist
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-6- placed on a substrate plate of for exanple glass (not shown) prior to
applying the photoresist film2. The structuring of the applied photoresist
film?2 may take place in a photolithographic manner, whereby the applied
photoresist film2 is successively selectively exposed and devel oped. Wen
a negatively acting photoresist is used to apply the photoresist film2 to
the unstructured matrix plate 1, it may be ¥dvant ageous to heat the

sel ectively exposed photoresist film2 applied and/or integrally exposed
said photoresist film2 prior to devel opi ng, both neasures being intended
to obtain a thermally stable structured photoresist film3. The use of a
negatively acting photoresist nakes it possible that the matrix is

preparing

app}ying a posi£ive1y ;
acting photoresist

drying T {

selectively exposing T

developing f 3

selectively applying a
metal {£illing)

removing the photoresist Y ,7
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directly obtained Jy usTng the-pt uled metdrod, as i§ﬁ9,‘§ﬁﬁ ﬁﬂfETo SG
reference to Figuré jd?rf‘f‘@' s {t is still pref l# PeBL Paged . Yo paged 1
devel oped photoresisi 1 jﬂﬁfi diwith a viewto F,, i {fher PASA 1. to paged .0
stabilizing the stiu i bt film3. As an afPEVWA8(3)epased 14 to poged X
usi ng & negativel yfacting photoresi s}, Absiraatx plagas 2. traypeged .7

t he unstruct

be etched, using the 3TTUTtUret—phot resist° ilm3 dpplied thereto as
mask, uhereupo & BHS e f I AT OPRE Jﬁﬂﬁﬁgﬁggﬁ .....
the matrix, asrhl tgggescPrb@%{uwctﬁp?’tefer@én%xt%A@pﬁtur e 27 AS TS SN

Figure 2, a nettdie redigmsofraymasserpplied to the unstructured matrix plate 1
prior to applying the photoresist film2 to the unstructured matrix plate

1, in a thickness which is sub§tant|all e%g to the height of the
structure desired for the matrid€ K8 iRBy edatey itpya makhast ohimaguprcusing a.

Wien a positi vedayractfongreduatiog est iia 1idsi sk £Whéeby i bivo fores PI1of Dine$s app Tileldm
to an unstructured matrix plate, and the photoresist film applied is
structured, and whereby said structuring of the photoresist film applied
successively comprises the steps of selectively expasing and developing
the photoresist film app]ted

A method of this kind is known from the pub!tcatton
G. Bouwhuis, éditor, “Principles of optical disk systems", Adam Hilger
Ltd., Bristol 1985, which describes the conventional method of mass-
producing optical disks, aiso called replicas. The method makes use of
an injection moulding process and matrices which are manufactured through
the medium of a master; that is, first a master is made and then a matrix
by means of the master.

Optical disks contain information recorded in a
geometric structure. More in particular this geometric structure consists
of pits and lands, said pits being provided in concentric circles or in
a spiral in a surface of a respective optical disk. Also grooves are
sometimes used to form the structure of optical disks. Generally this
concerns media capable of being written on, such as CD-Recordable and
magneto-optical disks. The known method of mass-producing optical disks
of this type can be subdivided into three stages.

During the first stage information stored on an
information carrier, in particular a magnetic tape, is converted into a
sequence of electrical pulses. These pulses control the intensity of an
expd;ihé unit, in which a substrate plate, for example of glass, provided
wfth"a'photoresist rotates. Thus small areas in the photoresist are
exposed, which are dissolved in an aqueous basic solution in a next step.
The result is a structure of pits, as is also desired for the eventual
optical disk. This intermediate product is called a master.

During the second stage one surface of the master is
plated with a thin metal film. This metat'fitm serves as an electrode for
galvanically growing a relatively thtck mg;a] film, in particular nickel.
After physically separating the substrate:plate and the thick metal film
the information structure mentioned above is present on a surface of the
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2 to the unstructuredfmgtri x plate 1, Jajcommon feature of the proposed

met hod, an enbodi ment joff vir§chaNSI99Es¢riibed with reference to Figure 3,
that a'nmetal film8 ig pplled to thejupstructured matrix plate 1, using

b)

the structured photordsist=fttm3—appti ¢d to the unstructured matri x plate
1 as a'mask, and that |subseguently the trtmnzwed photoresist film3 is
renmoved to obtaln the matrix. In accordance with the filling process shown

in Figure 3 the tigtidmetd] mith k& ihbherteandos i8pgH.i exkr nd I@ﬁx&@ﬁéwcmreslr sheet

matrix plate 1, in a.thjckpness smaller than_t the structure
phot oresi st fi | Brash V\?Saﬁ['] Soq@ném réf 1qud TBF’&BB%%’CT LreiitotP |5ﬁz%1c‘€8r‘{féﬂd’e‘

with the enbodi mesd- cammmmmm@mmg lhthhhrdJetdgﬁgét beCUesA&B%Yhd?Bﬁfter The
(ot scturer . BERL S U Ao B9 A0SR kndote0g BB ool
-in a fully automated system, such as the applicant’s AMS 100.

During the third and final stage the matrix is placed
in the mould of an injection moulding machine, by means of which large
series of aptical disks, such as audio and/or video disks are produced.
Finally the optical disks are metallized and provided with a protective
coating and a label or a print. The third stage is a fully automatic
production process.

Tae above-described known method is used worldwide,
whereby use is made of a positively acting photoresist, whose main
characteristic is the fact that the exposed areas of an exposed film of
said positively acting photoresist are removed by developing, while those
areas that have not been exposed remain intact.

The drawbacks of said galvanic growing process during
the second stage discussed above are that a great deal of manual operations
have to be performed and that a relatively great amount of chemicals must
be used. Although said operations are carried out by a handling unit in
an automated process, the required very high complexity of this unit may
lead to high costs and reliability problems. The electroplating time cycle
is typically about 1 hour, which is long.

ATlthough it is possible, by a so-called "family making"
process, to make more than one matrix per master, by using a matrix itself
as an information carrier and making use of a galvanic process, this method
is being applied less and less in the industry, precisely because of the
above-mentioned drawbacks. Also smaller batches of disks, such as for CD-
ROM disks, have contributed towards ending the practice of making a
“family”.

The object of the invention is to alleviate or overcome
the drawbacks of the known method referred to above, as a result of which
the time cycle will be shortened, the number of errors will be reduced,
output will increase and the use of chemicals can be pushed back, and to
reduce the capital outlay for purchasing the complete production equipment.

In accordance with the invention a method of the kind
referred to in the preamble is proposed to accomplish that objective, which

s
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ni ckel shell having 3 [err], which was glued on to a
S substrate by way of experinment. In

a
st andard -7- 20 En(8& in
an eventual process t1e§g%eﬁﬂgﬁag ttached to a flat carrier, such as a
sol e plate, by nean$ ‘a starting filmthickness of 120 nm a

solution of this phgtoresist and ethy] acetfte as a diluent in a proportion
of 10:1 was used in ' ' ' a spi nning speed of 700 RPM for 20

seconds. Aft erispharadtytizgdtinetuitck @egstiobly debssy phdroreaise asgeadty abpty
200 T 50 ot F AR sy RS R g v heated i
To the same end a method of the kind referred to in
the preamble is proposed in accordance with the invention, whereby a
positively acting photoresist is used to apply the photoresist film to
the unstructured matrix plate, a metal film is applied to the unstructured
matrix plate, using the structured photoresist film applied to the
unstructured matrix plate as a mask, after which the structured photoresist
film is removed to produce the matrix, characterized in that said metal
film is applied to only the unstructured matrix plate in a thickness
smaller than that of the structured photoresist film.
At least for the -time being negatively acting
photoresists seem to produce better results, so that these are to be
preferred as yet.

The invention will be explained in more detail hereafter
with reference to thé drawing, in which:

Figure 1 schematically shows an embodiment of the
proposed method, wherein a negatively acting photoresist is used;

Figure 2 schematically shows a variant of the method
of Figure 1;

Figure 3 schematically shows an embodiment of the
proposed method, wherein a positively acting photoresist (fil1ling process)
is used. .
In Figure 1 a negatively acting photoresist is used.
Exposed areas of a film of a negatively acting photoresist remain after
developing, whilst areas that have not been exposed are removed by
developing. When a negatively acting photoresist film is according to the
invention applied to an unstructured matrix plate, which might inprinciple
be placed directly in the injection moulding machine, and said photoresist
film is structured, it becomes possible to leave out the metallization
step as well as the electroplating step. If necessary or advantageous a
few new steps for structuring and stabilizing the negatively acting
photoresist film are introduced instead. As will be explained hereafter,
-said new steps are short and simple process steps, wherein no chemicals
are used.
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30 mnutes, in ord rREBLkGEMENﬁeS atti vely acting photoresist film applied.
After coollng the gs 'y Was expdsgd by means of a master registration
systew1(NRS) whi ¢ con6§§ ﬁ § PH7an BFM signal source and an 20 c¢m (8 inch)
| aser beamregistrati pgaratus QLER) The EFM nodul ated | aser |ight
havi ng a wavel engt h{ o ocdused,-4wi th a nunerical aperture of
0.45, on the nickel{shell/glass subst#ate rotating at a tangentlal velocity
of 1.4 m's under th The' unBRruckheek mgtaineptell alse tgomgrises

capacity of ahﬁytru%tm@m&memathmdhag ql gr@cfvteeér tg'?@o@&pﬁ)@dmgs%oeﬁaﬁ%
assenbly and the rotegtlve cover were placed horizontally in a free

X
convection ovBREHREVELALEATALKINY: BIROSES ure of 120 C for 60 minutes. After
cooling in a cabinet with dowm\fat@rﬂhm e aaSefibyt VAT ighaced rdyadivelght

box speci al | yaam%n@h QOLé)srwtth%t RERSE u‘sed but two further steps are added. The
structured negatively actmg photoresist film is thereby used as an etching
mask for structuring the unstructured matrix plate, after which the
negatively acting photoresist film is removed. Although wet processes are
reintroduced with this variant, the stability of the geometric structure
of the working surface of the matrix might be better, which may be
advantageous when larger batches of optical disks are to be produced. This
variant will be shorter and cheaper than the known method, however. An
in-line process remains possible thereby. Furthermore a material to be
etched may be applied to the unstructured matrix plate, in a thickness
equal to that of the eventual structure. '
In Figure 1 the unstructured matrix plate is indicated
at 1, the applied photoresist film is indicated at 2, and the structured
photoresist film is indicated by reference numeral 3. As is furthermore
indicated in Figure 1, the successive steps may be the following: preparing
an unstructured matrix plate 1; applying a negatively acting photoresist
to the prepared unstructured matrix plate 1; drying the photoresist applied
in order to provide a photoresist film 2; selectively exposing the
photoresist film 2 by laser 1light; heating the selectively exposed
photoresist film 2; developing the integrally exposed photoresist film
2, in order to provide the structured photoresist film 3; and heating the
structured photoresist film 3.
The preparation step of the unstructured matrix plate
1 comprises cleaning and possibly the application of a priming for the
photdresist yet to be applied.
During the drying step the solvent in the photoresist

is removed.

When preparing the unstructured matrix plate 1 stripes
appeared to occur upon rinsing with MIBK. This problem could be solved
by using ethyl acetate instead of MIBK.

By selectively exposing the negatively acting
photoresist an acid is formed in the exposed areas.
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wher eby integral gxposure took plice for 4 mnutes. As a result of this the
nopexposed parts pf t gy Smpqggqel v l|acting photoresist filmprovided on the
ni ckel- shell werejekposed as Yyet. ‘ter that the assenbly was devel oped in
an 20 cm (8 inch) jdevetoptng—syst whereby after rinsing with

dem neralized wat ér for 15 s the aspgenbl y-was devel oped in a diluted

devel oping fluid solution at a rotational speed of 200 RPM the proportion
bet ween devel oper and demi neBYIheading the-pegadiinglyiact ing photanesnst Fohowingi c

ol e, el e samsmtioneg 69 i e 0 ke

glsggﬁ;r)ca\tlxzé @L%ﬁé egpig%e%s'a?&fggé)h%gl\f%ﬁ‘:%dSs‘?atR ¥e8sk-i ng and cooling took

place in the same manner as &ktemreexPO3Arthe tifegral yexgbidrer ence iBeisngliidie

fact that the Qyen in the nonexposed areas, the result of said acid being that the
areas which have not been selectively exposed and which are thus not cross-
linked are dissolved more quickly during the developing process.

As a result of the heating step following the developing
process the exposed and thus cross-linked areas will be reinforced by
further cross-1inking of polymer chains.

In Figure 2 the same steps are carried out as in Figure
1, except for the last heating step, which is replaced by a wet etching
step and a photoresist removing step, and an unstructured matrix plate
1 is used, on which a metal film 4 is provided. For the rest the same
reference numerals have been used. Numeral 7 indicates the structured metal
film, but in principle this may also be a structured surface of the
unstructured matrix plate.

Figure 3 illustrates the filling process. The steps
up to and including the selectively exposing step and the developing step
are analogous to the method of Figure 1, of course with this difference
that the structured photoresist film 3 of Figure 3 has an inverted
structure, because a positively acting photoresist is used instead of a
negatively acting one. The steps following the developing step comprise
the selective application of a metal 8, that is the filling step, and the
removal of the structured photoresist 3. In Figure 3 those parts
corresponding with Figure 1 have been given the same reference numerals,
whilst the selectively applied metal film is indicated at 8.

The result of the method according to Figure 1 is a
matrix comprising photoresist posts 3, whilst the result of the methods
according to Figures 2 - 3 is a matrix comprising metal posts 7. When the
matrix according to Figure 1 is ready, it may be provided with a thin metal
fiim of for example chromium, nickel or aluminium, in order to extend the
1ife of the matrix during the injection moulding process. _

A common feature of the embodiments described with
reference to the drawing is that a photoresist film 2 is applied to an
unstructured matrix plate 1, and that the applied photoresist film 2 is
structured. For handling purposes the unstructured matrix plate 1 may be




- i o
REPLACEMENT sager _

tenperature set was j146—fer+i~Fi-nallyjthe nickel shell was separated from

the gl ass substratejand ocessed, byjneans of conventional processing

oper ations, -8- $ugh é 4ﬁﬂfﬁﬂﬂ|1g he rear side and cutting a central

hole, into a standajdl20.cm (8 inch) patrix to be placed in the nould of an

i nj ect’ion nmoul di ng yrachi ne for nass-pyoducigdg CD replicas. Signal

nmeasur enment s carri eout—-R-—-eerhinatiion with transn ssion order

nmeasurenent s @naddie ofla repktete pragueedrdmdksmgiedgldwat (héte shBhBE prior to
geometries on atpgfyirzggttrhle)éhg{odreg%t P ﬁnsf .nI('heaQ%/rulc@Erl'J{ nréoo%n%haebalpepli ed photoresist
film 2 may take place in a photolithographic manner, whereby the applied
photoresist film 2 is successively selectively exposed and developed. When
a negatively acting photoresist is used to apply the photoresist film 2
to the unstructured matrix plate 1, it may be advantageous to heat the
selectively expased photoresist film 2 applied and/or integrally exposed
said photoresist film 2 prior to developing, both measures being intended
to obtain a thermally stable structured photoresist film 3. The use of
a negatively acting photoresist makes it possible that the matrix is
directly obtained by using the proposed method, as is described with
reference to Figure 1. In this case it is still preferred to heat the
developed photoresist film 2 applied with a view to further thermally
stabilizing the structured photoresist film 3. As an alternative, still
using a negatively acting photoresist, the unstructured matrix plate 1
may be etched, using the structured photoresist film 3 applied thereto
as a mask, whereupon the structured photoresist film 3 may be removed to
produce the matrix, as is described with reference to Figure 2. As is shown
in Figure 2, a metal film 4 may be applied to the unstructured matrix plate
1 prior to applying the photoresist film 2 to the unstructured matrix plate
1, in a thickness which is substantially equal to the height of the
structure desirec for the matrix. This may simplify the etching procedure.
When a positively acting photoresist is used to apply the photoresist film
2 to the unstructured matrix plate 1, a common feature of the proposed
method, an embodiment of which is described with reference to Figure 3,
that a metal film 8 is applied to the unstructured matrix plate I, using
the structured photoresist film 3 applied to the unstructured matrix plate
1 as a mask, and that subsequently the structured photoresist film 3 is
removed to obtain the matrix. In accordance with the fi1ling process shown
in Figure 3 the metal film 8 is then only applied to the unstructured
matrix plate 1, in a thickness smaller than that of the structured
photoresist film 3.

Now an embodiment of the proposed method in accordance
with the embodiment shown in Figure 1 will be described. AZ RAY-PRO
(manufacturer: Hoechst) was used as the negatively acting photoresist.
This photoresist was coated, by means of a spinning process, on to a blank
nickel shell having a thickness of 300 um, which was glued on to a standard
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probl ens with regard BEPLACEMENT c%HEEdopying quality of the replicas. From

this and additional jviijsual nmeasurengnf{s, anong which atonic
nmeasurenents (AFM, | appepigdogpat the process para

further optim zed tg ﬁnhance the qual ity of the matriix, _
signal quality and du‘ab%#%ty—uﬁﬁerfs eci f-7e noul di ng-eendt-tTONS.
Experinents carriedjout in this framework will be described hereafter. A

filmthicknes8 trahgeD afTaiRGubsIrALenby way bflexperf iment hel nappl dveatiain podceshe
were obtal nea "t SaPThEY B aEhach B TelT¥ 10 ARG, Sk 338 SOR PRe. MRS
tenperature teftas vaerum. tkdren stiarking fhidm tangeness 0120 mwoa[srintion of Wis
gg[ 2;‘ 'ngg mg%bg&[oféﬁg{e?rtg??ﬂ gﬂ@)}ﬂ”‘gg@%agrﬁﬁswﬁedﬁ}%nf NG PEShodr@3bh loF YLl was
used in combination with a spinning speed of 700 RPM for 20 seconds.

After spin-drying the nickel shell/glass substrate
assembly for 200 s at 1530 RPM this assembly, encased in a protective box,
was heated in a recirculation oven at a constant temperature ¢ 80 °C for
30 minutes, in order to dry the negatively acting photoresist film applied.

After cooling the assembly was expesed by means of a
master registration system (MRS), which consisted of an EFM signal source
and an 8 inch laser beam registration apparatus (LBR). The EFM modulated
laser Tight having a wavelength of 459 nm was focused, with a numerical
aperture of 0.45, on the nickel shell/glass substrate rotating at a
tangential velocity of 1.4 m/s under the objective of the LBR, whereby
a nominal writing capacity of about 4 mW was used.

Immediately after the exposing step the assembly and
the protective box cover were placed horizontally in a free convection
oven and heated at a temperature of 120 "C for 60 minutes.

After cooling in a cabinet with downward flow the
assembly was placed in a light box specially arranged for that purpose,
whereby integral exposure took place for 4 minutes. As a result of this
the nonexposed parts of the negatively acting photoresist film provided
on the nickel shell were exposed as yet.

After that the assembly was developed in an 8 inch
developing system, whereby after rinsing with demineralized water for 15 s
‘the assembly was developed in a diluted developing fluid solution at a
rotational speed of 200 RPM, the proportion between developer and
demineralized water being 1 : 2.5 thereby. The basic developer used was
a buffer solution of sodium hydroxide and tetra sodium diphosphate. After
a rinsing period of 15 s with demineralized water the assembly was spin-
dried at 1530 RPM for 200 s.

Reéheating and cooling took place in the same manner
as after exposure, the only difference being the fact that the oven
temperature set was 140 °C. '

Finally the nickel shell was separated from the glass
substrate and processed, by means of conventional processing operations,
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was used. As far sR’nACEMQHI'JﬁﬁTa erture was concer ned a range of 0.3 -
0.5 was used, whefeby only a slight{increase of the sig

when a hi gh nunerfcal %mwnmwas el ected. The tenper at u't}gtgﬁ éé"ﬁ%ogtgh}
heating fol |l owi ngjthe exposing stepl was 85 - 125 [err] Wwith aR EDon of

25 - 60 mn., whefeby the temper re appegred to be critical and a
tenperature of 11b-Lerr] produced tlhe best“results. For devel oping in

1t ed MO e 8 VBT ' e ol BFad W P00 Lherifal % Sty S5 e
ti me ranges u8ethchonatrie tigebe |pﬂgce;t elp thelmcmﬂmtg‘ devialjeqt ing mOdmglﬁﬂcr{mer]
and 15 - 45 NMrpuRes WRbBuiHEICD replicas.

Signal measurements carried out in combination with
transmission order measurements on the CD replicas produced indicated that
the bulge geometries on the matrix did not present any insurmountable
problems with regard to the direct copying quality of the replicas.

From this and additional visual measurements, among
which atomic force measurements (AFM), it appeared that the process
parameters could be further optimized to enhance the quality of the matrix,
among which the siQna] quality and durability under specific moulding
conditions. Experiments carried out in this framework will be described
hereafter.

T

A film thickness range of 120 - 180 nm was taken for
the application of the negatively acting photoresist, whereby it appeared
that the best results were obtained at a film thickness was 180 nm.

With regard to the heating temperature tests were taken
within the range of 60 - 110 °C with a duration ranging from 20 - 40
minutes, whereby the best results were obtained when a temperature of 80 “C
was used.

As far as the numerical aperture was concerned a range
of 0.3 - 0.5 was used, whereby only a slight increase of the signal quality
occurred when a high numerical aperture was selected.

The temperature range for heating following the exposing
step was 85 - 125 'C with a duration of 25 - 60 min., whereby the
temperature appeared to be critical and a temperature of 115 "C produced
the best results.

For developing in diluted NaOH tests were taken in the
time range of 30 - 50 s, whereby developing periods of 40 - 50 s were
preferred.

For the temperature and time ranges used for the heating
step following developing 120 - 160 "C and 15 - 45 minutes were used
respectively, whereby temperatures from 160 "C within the said range and
lower values within the said time range produced the best results.

The results were as follows:

JITTER 17 ns

XT 18 %
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respectively, mherﬁ

| ower val ues w thi

from160 [err] within the said range and
ange produced the best results. The
results were as flol 17 ns XT 18 % -9- Wen
an experiment wag d t he above optinmum val ues within the

sel ected ranges, fbut a tenperaturejof 185 C for heating foll ow ng

devel oping, it appeated-—t-hat—2000—di sks co®-d be produced with the proposed
matrix in the injection nould&?g machi ne,

5%

I2 45 %

When an experiment was carried out with the above
optimum values within the selected ranges, but a temperature of 185 "C
for heating following developing, it appeared that 2000 disks could be
produced with the proposed matrix in the injection moulding machine,
whereby the matrix did not exhibit any degradation whatever.

It is self-evident that the heating step may also be
carried out in a different manner, for example by means of a so-called
"hot plate”.

For reproducibility reasons it may be necessary to
develop to order. Compared with the developing step which is used when
producing masters, the developing curve looks quite dif“erent now, because
the lands are removed during the developing process of the proposed matrix.
In the conventional process the transmission (zero and first orders) of
the laser beam is measured, because the substrate is transparent, whilst
with the proposed method the intensity of the 1light diffracted by
reflection of the laser beam is measured, whereby the measured intensity
of the diffracted Tight goes through a maximum in the first order. The
stopping criterion for developing is formed by the decrease of the
intensity of the diffracted 1ight measured during developing by a certain-
percentage, for example 10 - 20%, with respect to the predetermined
maximum. This also implies that instead of two diodes one diode is now
used to measure the intensity, and that when more light is used for the
writing step this does not mean that a shorter developing time is required,
this in contrast to the conventional method, but that on the contrary a
Jonger developing time is required. With the conventional process the
stopping criterion is determined by the ratio between first order values
and zero order values.

Remarkable is furthermore the fact that with regard
to heating following developing it applies that a short time goes with
a low temperature and that a long time goes with a high temperature. This
is only a seeming contrast, which is based on the use of a negatively
acting photoresist instead of a positively acting one.

Finally it is noted that the read-out in the matrix-
playback equipment in case of a nickel matrix with plastic posts is
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whereby the matrix did not exhibit any degradation whatever. It is
self-evident that the heating step may al so be carried out in a different
mdnner, for exanple by neans of a so-called "hot plate". For
reproducibility reasons it may be necessary to develop to order. Conpared
wi th the devel oping step which is used when producing nasters, the

devel opi ng curve | ooks quite different noyg- because the | ands are renoved
during the devel oping process of the proposed matrix. In the conventional
process the igipfgitnsSihan {rzeise afich hatsix comperisjngod stirecturedrniskammagrix
measur ed, becqu§§ the substrate is transparent, whilst with the proposed
nmet hod the i M'8K&ity of the light diffracted by reflection of the |aser
beamis nmeasured, whereby the nmeasured intensity of the diffracted |ight
goes through a maximumin the first order. The
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matrix plate, and the photoresist film applied is structured, and whereby
said structuring of the photoresist film applied successively comprises
the steps of selectively exposing and developing the photoresist film
applied, characterized in that a negatively acting photoresist is used
to apply said photoresist fiim to said unstructured matrix plate.

2. A method according to claim 1, characterized in that
said unstructured matrix plate is provided on a flat carrier prior to the
application of said photoresist film.

3. A method according to claim 1 or 2, characterized
in that said structuring of the photoresist film applied furthermore
comprises the heating of the selectively exposed photoresist film.

4. A method according to claims 1, 2 or 3, characterized
in that said structuring of the photoresist film applied furthermore
comprises the step of integrally exposing said photoresist film prior to
developing said photoresist film.

5. A method according to any one of the preceding
claims, characterized in that developing takes place to order, whereby
the intensity of the light diffracted by reflection of the laser beam used
thereby- is measured, the maximum in the first order of the measured
intensity of the diffracted light is determined and the stopping criterion
for developing is formed by the decrease of the intensity of the diffracted
Tight measured during developing by a certain percentage with respect to
the predetermined maximum.

6. A method according to any one of the preceding
claims, characterized in that said structuring of the photoresist film
applied furthermore comprises the heating of the photoresist film following
the developing of said photoresist film.

7. A method according to any one of the preceding
claims, characterized in that the matrix surface comprising the photoresist
film applied is metal-plated following the structuring of the photoresist
film applied.
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8. A method according to any one of the preceding
claims, characterized in that said method directly results in the matrix,
including the structured photoresist film.

9. A method according to any one of the claims 1 - 7,
characterized in that said unstructured matrix plate is etcﬁed, using
the structured photoresist film applied thereto as a mask, and that
subsequently the structured photoresist film is removed to produce the
matrix. -

_ 10. A method according to claim 9, characterized in
that prior to applying the photoresist film to the unstructured matrix
plate a metal film is applied, to a thickness which is substantially equal
to the height of the structure desired in the matrix.

11. A method of manufacturing a matrix for producing
optical disks, whereby a photoresist film is applied to an unstructured
matrix plate, and the photoresist film applied is structured, and whereby
said structuring of the photoresist film applied successively comprises
the steps of selectively exposing and developing the photoresist film
applied, and whereby a positively acting photoresist is used to apply said
photoresist film to said unstructured matrix plate, using the structured
photoresist film provided on the unstructured matrix plate as a mask, that
a metal film is applied to the unstructured matrix plate, and that
subsequently the structured photoresist film is removed to produce the
matrix, characterized in that said metal film is only applied to the
unstructured matrix plate, in a thickness smaller than that of the
structured photoresist film.

12. Amatrix for producing optical disks, characterized
in that said matrix is obtained by using the method according to any one
of the claims 1 - 11.
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CLAI VB 1. A nethod of manufacturing a matrix for producing
opt,i cal di sks, whereby a negatively acting photoresist filmis applied to
an unstructured matri x plate, and the photoresist filmapplied is
structured, and whereby said structuring of the photoresist filmapplied
successively conprises the steps of sel ecthd e y exposi ng and devel opi ng the
phot oresi st filmapplied, characterized in that said nethod directly

results in the natry | | ured matrix plate having

t hereon the structtﬁé?fpﬁoi[?rye%w% TRIX FOR PRODYGENGhod of
manuf act uri ng a mat r iGPTIFALY DIEKS W THOUTC AHE MEDI UMMOST abMasTesgat i vel y
acting photoresist filmis applied to an unstructured matrix plate, and the

photoresist filmapplied is structur@dg @rdgvherfby said structuring of the
photoresist filmapplied successively

The invention relates to a method of manufacturing a
matrix for the production of optical disks by applying a photoresist film
~ to an unstructured matrix plate and structuring the photoresist film by
selectively exposing and developing said film. When a negatively acting
photoresist is used, the matrix may be metal-plated on the surface provided
with the photoresist film after structuring of the photoresist film.
Structuring of the photoresist filmmay comprise heating of the selectively
exposed photoresist film, integral exposure of the photoresist film prior
to developing and heating of the photoresist film following developing.
The unstructured matrix plate may be etched, using the structured
photorésist film as a mask, after which the photoresist film is removed
to produce the matrix. Prior to applying the photoresist film to the
unstructured matrix ptate a metal film may be applied, to a thickness equal
to the height of the structure desired in the matrix. When a positivew
acting photoresist is used, a metal film is applied to the unstructured
matrix plate, using the structured photoresist film as a mask, after which
the photoresist film is removed to produce the matrix. A filling process
may be used thereby.
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characterized in that said structuring of the photoresist filmapplied
furthermore conprises the heating of the selectively exposed photoresi st
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selective?%“ﬁ?ﬁ%sed, i ncl udes neasuring the intensity of diffracted |ight
caused by reflection of a light beam off the photoresist film which has
been sel ectively exposed, determning the maximumin the first order of the
measured intensity of the diffracted light, and stopping the devel opi ng of
the photoresist filmwhen the neasured intensity of the di Lght i
a sel ected percentage below the maximumin_ the first ordey
intensity of the diffracted light. 8. 3 A
to any one of the preceding clains, characterized in that si@§
of the photoresist filmapplied furthernore conprises thelhpatin

A nmet hod according to any one of the preceding clains, characterized in
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unst ructterdSIandlin pémbiination with a spinning speed of 700 RPM for 20 seconds.

After spin-drying the nickel shell/glass substrate
assembly for 200 s at 1530 RPM this assembly, encased in a protective box,
was heated in a recirculation oven at a constant temperature of 80 "C for
30 minutes, in order to dry the negatively acting photoresist film app]ie&.

After cooling the assembly was exposed by means of a
master registration system (MRS), which consisted of an EFM signat source
and an 20 cm (8 inch) laser beam registration apparatus (LBR). The EFM
modulated laser light having a wavelength of 459 nm was focused, with a
numerical aperture of 0.45, on the nickel shell/glass substrate rotating
at a tangential velocity of 1.4 m/s under the objective of the LBR, whereby
a nominal writing capacity of about 4 mW was used.

Immediately after the exposing step the assembly and
the protective box cover were placed horizontally in a free convaection
oven and heated at a temperature of 120 "C for 60 minutes.

After cooling in a cabinet with downward flow the
assembly was placed in a Tight box specially arranged for that purpose,
whereby integral'exposure took place for 4 minutes. As a result of this
the nonexposed parts of the negatively acting photoresist film provided
on the nickel shell were expased as yet.

After that the assembly was developed in an 20 cm
(8 inch) developing system, whereby after rinsing with demineralized water
for 15 s the assembly was developed in a diluted developing fluid solution
at a rotational speed of 200 RPM, the proportion between developer and
demineralized water befng 1 : 2.5 thereby. The basic developer used was
a buffer solution of sodium hydroxide and tetra sodium diphosphate. After
a rinsing period of 15 s with demineralized water the assembly was spin-
dried at 1530 RPM for 200 s.

Reheating and cooling took place in the same manner
as after exposure, the only difference being the fact that the oven
temperature set was 140 “C.

Finally the nickel shell was separated from the glass
substrate and processed, by means of conventional processing operations,
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such as polishing the rear side and cutting a centril Kole, into a standard
20 cm (8 inch) matrix to be placed in the mould of an injection moulding
machine for mass-producing CD replicas.

Signal measurements carried out in combination with
transmission order measurements on the CD replicas produced indicated that
the bulge geometries on the matrix did not present any insurmountable
problems with regard to the direct copying quality of the replicas.

From this and additional visual measurements, among
which atomic force measurements (A?M), it appeared that the process
parameters could be further optimized to erhance the quality of the matrix,
among which the signal quality and durability under specific moulding
conditions. Experiments-carried out in this framework will be described
hereafter. '

' . A film thickness range of 120 - 180 nm was taken for
the application of the negatively acting photoresist, whereby it appeared
that the best results were obtained at a film thickness was 180 nm.

With regard to the heating temperature tests were taken
within the range of 60 - 110 "C with a duration ranging from 20 - 40
minutes, whereby the best results were obtained when a temperature of 80 'C
was used.

. As far as the numerical aperture was concerned a range
of 0.3 - 0.5 was uked, whereby anly a slight increase of the signal quality
occurred when a high numerical aperture was selected.

The temperature range for heating following the exposing
step was 85 - 125 'C with a duration of 25 - 60 min., whereby the
o’ temperature appeared to be critical and a temperature of 115 "C produced

the best resuits.

For developing in diluted NaOH tests were taken in the
time range of 30 - 50 s, whereby developing periods of 40 - 50 s were
preferred.

For the temperature and time ranges used for the heating
step following developing 120 - 160 'C and 15 - 45 minutes were used
respectively, whereby temperaturaes from 160 C within the said range and
Tower values within the said time range produced the best results.

The results were as follows:

JITTER 17 ns

XT 18 %
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disks, whereby a negatively acting photoresist film is applied to an
unstructured matrix plate, and the photoresist film appTied is structured,
and whereby said structuring of the photoresist film applied successively
comprises the steps of selectively e"xpa'sing and developing the photoresist
film applied, characterized in that said method directly results in the
matrix, including the unstructured matrix plate having thereen the
structured photoresist film.

2. A method of manufacturing a matrix for producing optical
disks, whereby a neg'atively acting photoresist film is applied to an
unstructured matrix plate, and the photoresist film applied is structured,
and whereby said structuring of the photoresist film applied successively
comprises the steps of selectively exposing and developing the photoresist
film applied, wherein said unstructured matrix plate is etched, using the
structured photoresist film applied thereto as a mask, and subsequently
the structured photoresist film is removed to produce the matrix,
characterized in that said unstructured matrix plate is a metal plate.

3. - A method according to claim 2, characterized in that
prior to applying the photoresist film to the unstructured matrix plate
a metal film is applied, to a thickness which is substantially equal to
the height of the structure desired in the matrix, and said metal film
is etched rather than said unstructured matrix plate.

4. A method according to claims 1, 2 or 3, characterized
in that said unstructured matrix plate is provided on a flat carrier prier
to the application of said photoresist film.

5. A method according to any one of the preceding claims,
characterized in that said structuring of the photoresist film applied
furthermore comprises the heating of the selectively exposed photoresist
film.

6. A method according to any one of the preceding claims,
characterized in that said structuring of the photoresist film applied
furthermore comprises the step of integrally exposing said photoresist
film prior to dev'e}oping said photoresist film.

®
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7. A methad according to any oné of the preceding claims,
characterized in that developing of the photoresist film which has been
selectively exposed, includes measuring the fntensity of diffracted Tight
caused by reflection of a 1ight beam off the photoresist film, which has
been selectively exposed, determining the maximum in the first order of
the measured intensity of the diffracted 1ight, and stopping the developing
of the photoresist filmwhen the measured intensity of the diffracted 1ight
is a selected percentage below the maximum in the first order of the
measured intensity of the diffracted 1ight.

8. A methad according to any one of the preceding claims,
characterized in that said structuring of the photoresist film applied
furthermore comprises the heating of the photoresist film following the
developing of said phbtdresist film.

9. . A method according to any one of the preceding claims,
characterized in that the matrix surface comprising the photoresist film
applied is metal-plated following the structuring of the photoresist film
applied.

10. A method of manufacturing a matrix for producing optical
disks, whereby a photoresist film is applied to an unstructured matrix
plate, and the photoresist film applied is structured, and whereby said
structuring of the photoresist film applied successively comprises the
steps of selectively exposing and developing the photoresist film applied,
and whereby a positively acting photoresist is used to apply said
photoresist film to said unstructured matrix plate, a metal film is applied
to the unstructured matrix plate by using the structured photoresist film
praovided on the unstructured matrix plate as a mask, and subsequently the
structured photoresist film is removed to produce the matrix, characterized
in that said metal film is only applied to the unstructured matrix plate,
in a thickness smaller than that of the structured photoresist film.



