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The invention relates to a method of manufacturing a 

5 matrix for producing optical disks, whereby a photoresist film is app1ied 

to an unstructured matrix plate, and the photoresist film applied is 

structured, and whereby said structuring of the photoresist fi1m applied 

successively comprises the steps of selectively exposing and developing 

the photoresist film applied: 

10 A method of this kind is known from the publication: 

G. Souwhuis, editor, "Principles of optical disk systems 11
, Adam Hilger 

Ltd., Bristo1 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 

15 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 circ1es or in 

W a spira 1 in a surface of a respective opt ica 1 disk. Also grooves are 

sometimes used to form the structure of optical disks. Generally this 

concerns media capable of being written on, such as CO-Recordable and 

magneto-optical disks. The known method of mass-producing optical disks 

ZS 
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 

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 so1ution 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 film serves as an electrode for 

l5 galvanica11y 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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thick metal film in inverted position. Then the thick metal film or sheet 
or shell is cleared of any residual photoresist, cut to size and used as 
a so-called matrix during the third stage yet be described hereafter. The 
steps carried out during the first and second stages may also be executed 

5 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 optical disks, such as audio and/or video disks are produced. 
Finally the optical disks are metallized and provided with a protective 

10 coating and a label or a print. The third stage is a fully automatic 
production process. 

T~e 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 

15 said positively acting photoresist are removed by deve1oping, 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 

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

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

Although it is possible, by a so-called 11 family making" 
25 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 CO­
ROM disks, have contributed towards ending the practice of making a 

30 "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 

35 reduce the capita 1 out 1ay for purchasing the comp 1ete product ion equipment. 
In accordance with the invention a method of the kind 

ref erred to ; n the_Qr_~~mb le is proposed to accomp 1 i sh that objective, which 
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is characterized in that a negatively acting photoresist is used to apply 
the photoresist film to the unstructured matrix plate. 

To the same end a method of the kind referred to in 
the preamble is proposed in accordance with the invention, whereby a 

5 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 

110 film is applied to only the unstructured _matrix plate in a thickness 
smaller than that of the structured photoresist film. 

I 
lzo 
I 
! 

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 the 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 l; 

Figure 3 schematically shows an embodiment of the 
proposed method, wherein a positively acting photoresist (fi l1 ing process) 
is used. 

In Figure I a negatively acting photoresist is used. 
ZS 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 fi~~ is according to the 
invention applied to an unstructured matrix plate, which might in principle 

i 
ao 

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 

5 are used. 



. . 

-4-

The term "unstructured matrix plate" also comprises 

unstructured matrix plates having a groove or grooves such as so-called 
pregrooves for tracking purposes. 

In accordance with the variant of Figure 2 a negatively 
.s acting photoresist is likewise 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 

I 

IO of the working surface of the matrix might be better, which may be 

advantageous when larger batches of opt ica 1 disks are to be produced. Th is 

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 

15 equal to that of the eventual structure. 
In Figure 1 the unstructured matrix plate is indicated 

at I, 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 

io an unstructured matrix plate I; applying a negatively acting photoresist 

to the prepared unstructured matrix plate I; drying the photoresist applied 

in order to provide a photoresist film 2; selectively exposing the 
photoresist film 2 by laser light; heating the selectively exposed 

photoresist film 2; developing the integrally exposed photoresist film 

25 2, in order to provide the structured photoresist film 3; and heating the 

structured photoresist film 3. 

0 

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. 
During the drying step the solvent in the photoresist 

is removed. 
When preparing the unstructured matrix plate I stripes 

appeared to occur upon rinsing with MIBK. This problem could be solved 

by using ethyl acetate instead of MIBK. 
5 By selectively exposing the negatively acting 

photoresist an acid is formed in the exposed areas. 
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By heating the negatively acting photoresist following 

said selective exposure the negatively acting photoresist is cross-linked 
in the exposed areas whilst the acid is catalyzed. 

As a result of the integra1 exposure an acid is also 

5 formed in the nonexposed areas, the result of said acid being that the 

areas which have not been se 1ect ive 1y exposed and which are thus not cross-

1 inked are dissolved more quickly during the developing process. 

As a result of the heating step following the developing 

process the exposed and thui cross-linked areas will be reinforced by 

10 further cross- 1 inking 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 

:s 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 

D are analogous to the method of Figure I, 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 remova 1 of the structured photores i st 3. In Figure 3 those parts 

corresponding with Figure I 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 

film of for example chromium, nickel or aluminium, in order to extend the 

life 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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placed on a substrate plate of for example glass (not shown) prior to 
applying the photoresist film 2. The structuring of the applied photoresist 
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 

15 

reference to Figure I. 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 l 
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 

!zo 
I 

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 desire•..: 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 

'25 method, an embodiment of which is described with reference to Figure 3, 

that a metal film 8 is applied to the unstructured matrix plate 1. using 
the structured photores i st 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 fi 11 ing process shown 

·lO 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 

I 

ls 

photoresist film 3. 
Now an embodiment of the proposed method in accordance 

with the embodiment shown in Figure l 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 µm, which was glued on to a standard 
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8 inch CD glass substrate by way of experiment. In an eventua1 process 

the shell may be attached to a flat carrier, such as a sole plate, by means 

of a vacuum. For a starting film thickness of 120 nm a solution of this 

photoresist and ethyl acetate as a di1uent in a pr0oortion of 10 : I was 

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

10 

After spin-drying the nickel she11/glass substrate 

assembly for 200 s at 1530 RPM this assembly, encased in a protective box, 

was heated in a recirculati~n oven at a constant temperature c~ 30 ·c for 

30 minutes, in order to dry the negatively acting photoresist film applied. 

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 shell/glass substrate rotating at a 

15 tangential velocity of 1.4 m/s under the objective of the LBR, whereoy 

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. 

20 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. 
l5 After that the assembly was developed in an B 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 

lO a buffer solution of sodium hydroxide and tetra sodium di phosphate. After 

i 
!S 

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 central hc~e, into a standard 
8 inch matrix to be p1aced in the mould of an injection moulding machine 
for mass-producing CD replicas. 

Signal measurements carried out in combination with 
5 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 measure'ments {AFM), it appeared that the process 

10 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 
15 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 

lO 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 
i 

lS 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. 

ls 

For the temperature and time ranges used for the heating 
step follow1ng 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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4.5 % 

45 % 

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 fo 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 

-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 dif:=erent now, because 

the lands are removed during the developing process of the proposed matrix. 

5 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 1 ight 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 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 

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 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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different than in case of a matrix comprising a structured nickel matrix 
plate. 
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CLAIMS 

I. A method of manufacturing a matrix for producing 
optica1 disks, whereby a photoresist fi1m 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, characterized in that a negatively acting photoresist is used 

~o 

to apply said photoresist film to said un~tructured matrix plate. 
2.. A method according to claim I; 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 I 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 c 1 aims 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. 

~O 5. A method according to any one of the preceding 
claims, characterized in that developing takes place to order, whereb~ 
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 

S for developing is formed by the decrease of the intensity of the diffracted 
light 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 photores i st film fallowing 
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 photores i st 
film applied is metal-plated following the structuring of the photoresist 

S 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 I - 7, 
5 characterized in that said unstructured matrix plate is etched, using 

the structured photores i st f i1m app 1 i ed thereto as a mask, and that 
subsequently the structured photoresist film is removed to produce the 
matrix. 

IO. 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 

:s matrix plate, and the photores i st film app 1 i ed is structured, and whereb'y 
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 

'.O photoresist film provided on the unstructured matrix plate as a mask, that 
a metal film is applied to the unstructured matrix plate, and tha.t 
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 

i structured photoresist film. 
12. A matrix for producing optical disks, characterized 

in that said matrix is obtained by using the method according to any one 
of the claims I - 11. 


