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liquid keep the object immersed. When the object moves, however, breakdown of immersion
may occur, either by pulling the liquid away from the lens or by pulling gas under the
objective. The key issue in applying liquid immersion in a dynamic system such as a
mastering machine therefore is to maintain a stable liquid film between the stationary lens
and the moving substrate.

In critical applications such as for example deep-UV mastering of high density

(Blu-ray Disc) optical discs using a high NA liquid immersion objective for writing of
information in a photo-resist layer on a master disc, the proper development of the photo-
resist is often impeded by a low concentration of impurities in the immersion liquid. This

contamination (which might be very little) is due to leaching of impurities from adhesives used

in constructing the objective and immersion accessory.
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25 here, mean%\lth&%l‘n vﬂ'tnﬁly any monomer polymerizable by free radical initiation, can
be used in the present adhesive system, those compounds are preferred which provide a
cross-linked product with good adhesive properties to glass and metals. It is observed that the
term “glass™ as used here also refers to quartz-glass.
The diacrylate monomer which is more preferably used in the present adhesive
30  system is 2,2-bis[4-(3-acryloyloxy-2-hydroxypropoxy)phenyl]propane.
Alternatively, thiol-ene systems composed of multithiols and multiallylic
monomers and a (radical) polymerization initiator can be used, either separately or in
combination with the above indicated (meth)acrylates. Non-limitative examples of thiols are

trimethylolpropane trithiol, pentaerythritol tetrathiol and their ethoxylated homologs. Non-
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25  tri(meth)acrylates and pentaerythritol tetra(meth)acrylates of sufficiently low viscosity.

To support the adhering properties of the present adhesiQe system to a substrate,
especially a metal or glass substrate, it is preferred to pretreat such substrates with a proper
surface activating agent. Such a surface pretreatment will aid in the prevention of delamination
or other means of release of the adhesive from the substrate.

30 The invention therefore also relates to a non-leaching, curable, adhesive
composition, based on monomers, comprising (a) an adhesive system as defined above, and (b)
a surface activating agent.
Said surface activating agent is preferably an acrylic or methacrylic silane

coupling agent. These agents can be used both with (meth)acrylate and thiol-ene systems.
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The pretreatment of the surface to be provided with an adhesive according to the
present invention consists preferably of an exposure of said surface to the vapor of the coupling
agent, if desired dissolved in a suitable solvent, or of a treatment of said surface with a solution
of said coupling agent in a suitable solvent, or any other suitable process.

The invention further relates to the use of the present adhesive system for the
adhesion of a metal film to another metal film or a glass substrate of a liquid immersion

objective, to be used for the preparation of a substrate, in particular an optical master disc.
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Fig. 5b shows the same disc as shown in Fig. 5a, but with a magnification
of 20X.
30

In the set-up used for immersion-writing of master discs for Blu-ray discs, this

has been realized using the liquid immersion concept as illustrated in Figs. 1a, b and c.
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The water passes through a hole 9 in the lower foil of the stack of foils 7 to reach
the interface between objective 6 and disc 2. This means that the water used for immersion is in
close contact with the adhesive. The adhesive in the stack of foils 7 has to be cured thermally
since it is not accessible to UV light.

25 The final immersion lens element has to be firmly attached to the foil accessory.
This is also achieved by glueing. Here, a UV curable adhesive is preferred since high
temperatures are to be avoided in order to reduce the build-up of stress, relaxation thereof and
consequently inaccurate positioning of the immersion lens element 5.

When conventional adhesives are used, such as epoxy-amine/anhydride based

30  adhesives, it often occurs that the resist remains partially or totally undeveloped after rinsing or
spraying with or dipping into the aqueous developer solution. The defects show up as point
defects (Fig. 2) or as stains (Fig. 3). The defects not only show up in the resist layer but are also
transferred to the stampers and replicated discs made from such masters. A detail of a point

defect on a father stamper is shown in Fig, 4. The resist is locally undeveloped.



(see Fig. la). Water is a natural choice in this
application for the immersion liquid as it is
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Example 3
To further prevent delamination and/or leakage of water (if possible, at all),

the surfaces to be bonded with each other, were subjected to a pretreatment with a liquid
silane coupling agent. More specifically, the metal foils and the immersion lens were placed
in a desiccator, which contained an open vessel with y-

methacryloyloxypropyltrimethoxysilane.
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. I derstood by reference to the clains
10 %gﬁﬁé%%kegroéj %. Any reference signs in the clains
shall, further, not be construed as limting the scope
of3 the i NV ephilaehi R3O SARmREIHiRAQQRDE W3S EinGhidhiNE:
. Non-Il eachin cur abl e, ~adhesi ve system conpri sing at
| é%%PmBrdéseu’FﬁﬁgFFB'P}he “BB?‘Sﬁd‘F'fyé‘ﬁF%%ﬁ’@"PPWQ“ By % triallyl
aGdyyrluedteeand PEodyRiukuRC indl dirtagd fay RBESHf trihdthylolpgopamnoner s,
nor bor nene nononers, m xtures of said nononers, hybrid
nmononers containing chemcally different polynerizable
gréoups i n oNve-leadimgadhesive sydtemmektordingte claionk whethin ghid

M Rional thiol is selected from the group of trimethylolpropane trithiol, pentaerythritol

15

tetrathiol, and the ethoxylated homologs of these compounds.

20 5. Non-leaching adhesive system according to claim 1, wherein said acrylate

monomer is 2,2-bis[4-(3-acryloyloxy-2-hydroxypropoxy)phenyl]propane.

6. Non-leaching adhesive system according to claim 1, wherein said initiator is a
photo-initiator, especially an UV initiator, a thermal initiator, or a combination of both.

25
7. Non-leaching adhesive system according to claim 1, wherein said system

further comprises a reactive diluent.
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14. A process according to claim 13, wherein said methacrylic silane coupling

agent is y-methacryloyloxypropyltrimethoxysilane.

25
15. Use of a non-leaching, curable, adhesive system, based on monomers as
defined in claim 1 for the adhesion of a metal film to another metal film or a glass substrate
of a liquid immersion objective, to be used for the preparation of a substrate, in particular an
optical master disc.

30

16. A liquid immersion objective, to be used for the preparation of a substrate, in
particular an optical master disc, comprising a stack of metal films (8), an immersion
objective lens (5), being provided in a through-hole (9), in said stack of metal films, and a

substrate (2), being provided with a photo-resist layer (4) facing the immersion lens (5), said
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and the imersion | ens being separated by a water film
(1), the water supply channel (3) thereof being
provi ded between and through said stack of netal filns
(8) such that said water supply channel discharges
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