1. Introduction

Integrated optics require
special material properties
with respect to low cost
component fabrication. The
manufacturing of glass
components, for example
requires several time-con-
suming steps including ion
exchange (1). For polymer
channel waveguides, laser ablation techniques have
been developed with high-performance surfaces to
reduce light scattering and optical losses (2).

But polymers exhibit in opposition to glasses some
structure based disadvantages as low T, and limited
stability concerning poled incorporated NLO organic
dyes. Therefore, the use of thermoplastic organic
polymer materials suitable for low cost embossing te-
chniques will be critical and it is necessary to reinfor-
ce the organic structure in order to increase their sta-
bility. Based on these considerations, it was of inte-
rest to investigate the potential of organically modi-
fied ceramics of the ORMOCER type as stable mate-
rials for embossing. These materials are synthesized
through the sol-gel route (inorganic backbone) and,
in addition to this, can be polymerized if polymeri-
zable groupings are present (3, 4, 5). There are seve-
ral possibilities to connect the inorganic backbone to
organic groupings or chains. A convenient link is the
=S$i-C= bond, since Si can form stable =Si-O bonds,
too, at the same atom. Another link can be provided
by coordinative bonds, which is of importance for
sol-gel processing, if it is possible to connect inorga-
nic network formers like Al, Ti or Zt to organics, it is
well-known, that B-diketones form bonds to alkoxi-
des of these elements (6), but there are not enough
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Fig. 1 - Draft of the preparation process of an ORMOCER
coating for embossing.
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data about stability of these
bonds to be applied as a
material “construction” ele-
ment.

In order to design materials
to be used as planar or
channel waveguides and to
undergo an embossing
step, several stringent re-
quirements have to be ful-
filled, such as tailoring of
the refractive index, low optical loss, high T, or
network stability, exact reproduction of the embos-
sing matrix (near net shaping), high mechanical sur-
face quality. There is a variety of contradictions from
these requirements. Near net shaping with inorganic
sol-gel materials is difficult due to the high amount of
shrinkage during the firing processes required to ob-
tain dense materials (7, 8). Low temperature embos-
sing requires soft materials (e.g. organics) which
exhibit the disadvantages mentioned above. Therefo-
re, it is interesting to which extent these disadvanta-
ges can be overcome by ORMOCER systems. Thus,
ORMOCERs have to be developed with tailorable re-
fractive indices, high T, preferrably to be built up du-
ring the embossing step and high structural homoge-
nity to keep optical losses as low as possible.

2. Experimental

The process of synthesis for ORMOCER materials

with Zr as an important inorganic structural element
is described elsewhere (9). This synthesis was deve-
loped for a direct LASER writing process, using a fo-
cused LASER beam as light source. For embossing,
the process had to be modified to produce soft films
to be able to be embossed. Fig. 1 shows the general
process necessary to contral homogeneity and visco-
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Fig. 2 - Draft of the embossing device.
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sity. For embossing, various matrices were used as
grids or optical arrays.

For curing during embossing fused SiO, as an UV
transparent substrate was used. In Fig. 2 the draft of
the embossing step is shown.

For the photo initiated polymerization step, Irgacure
184 (Ciba Geigy) was used as initiatior. Finally the
embossed patterns were cured at 130°C for 1 hour.

3, Results and discussion

In order to tailor the refractive index, Zr was chosen
as modifier, In Fig. 3, the influence of type and con-
centration of the inorganic network formers and ny, is
shown (10). Beside Zr and Ti shows a strong in-
fluence, too. But with Ti, only yellow wish materials
could be obtained.

The introduction of Zr in organic matrices was inve-
stigated by Arfsten et al. (11), who used Zr-metha-
crylate to be incorporated into a variety ol organic
polymers, but this systems does not show very good
surface hardness. Therefore, alkoxides of Zr have
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Fig. 3 - Comparison of the effect of various inorganic com-
ponents on the refractive index in ORMOCER matrices.

been used, as described in (12). The reaction of
Zr(OR), with methacrylic (MA) acid allows the for-
mation of a complex molecule, which coordinates to
Zr (OR),in two steps, as shown in Fig. 4 (13).

The question arises, whether this complex formation
includes at least partly a salt formation (ionic bond)
and, in addition to this, whether this bond is stable in
a hydrolysis and condensation process. An ionic
bond is expected to hydrolyse in an aqueous medium
at least partially, as known from salts of weak acids
and bases. It is known from (13) that Zt{OR), should
form chelates with organic acids, but no data about
hydrolytic stability are given. The chelate formation
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shifts the=C=0 frequency of MA from the 1700 cm-
region into the region below 1600 cmt (Fig. 5).

It is remarkable, that no traces of V.-MA can be ob-
served in the IR spectrum after H,O addition, indica-
ting the structures proposed in Fig. 3 to be mainta-
ned during hydrolysis with respect to the chelate
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Fig. 4 - Suggested structures for complex formation of Zr

alkoxides with MA.
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Fig. 5 - Co frequency of MA; a: pure MA; b: after complexa-
tion; ¢ afler bydrolysis with Zr (OR),

bonds. 3C NMR data support these findings (9). This
shows, that the organic acid complexation of
Zi(OR), provides an interesting means to incorpora-
te Zr into organic matrices, if MA ligands are used to
be polymerized with other olefins. Therefore,
(RO);SI(CH,),0CO(CH)=CH, (MS) were used. MS is
used to form an additional inorganic backbone, too.
It is of importance to carry out the reaction process
according to Fig. 1. After removal of volatile reaction
products (solvent, H,0), the remaining viscosity of
the liquid is adjusted with butanol to be suitable for
spin or dip coating. After drying, the soft surface can
be embossed according to Fig. 2. no traces of phase
separation can be detected in the system by electron
microscopy. A typical embossed pattern is shown in
Figs. 6 a and b.

- The embossed structures represent very exactly the

shape of the mould. Independent shrinkage measu-
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Fig. 6 - Embossed patterns; a: by an optical grating; b: by a grid.

rements show, that the shrinkage of the liquid (non-
cured) system to the finally cured system is in the ran-
ge of = 5 vol.-%. Tt is expected to be lower from the
dried to the embossed film. The edges of the patterns
are very sharp and the sides are steep, as one can see
in Fig. 6. The surfaces are very mooth. The curing du-
ring embossing is carried out by UV irradiation. The
time required depends on UV light intensity (some
minutes to 15 minutes). After curing the C=C double
bond intensity of the acrylate is reduced to about 15%
(85% vyield of polymerization). First experiments
show, that the variety of organic dyes can be dissol-
ved in the system. The optical losses are still in the
range of some dB/cm, but this was due to dust par-
ticles. Therefore, clean room conditions have to be
improved. '

4. Conclusions

It is possible to tailor important properties of inorga-
nic-organic composites by chemistry. The coordina-
tion of alkoxides with acids seems to be an appro-
priate means to distribute inorganic components very
homogeneously within organic or hybrid matrices.
Of course, this reaction principle has to be improved
and extended to other systems in order to show its
general usefulness.

5. Acknowledgement
The authors wish to thank Dr. V. Gerhardt for his

helpful discussion and the Minister for Science and
education of the State of Saarland for his financial aid.

Rivista della Staz. Sper. Vetro n. 1 - 1992

References

1. L. Ross, in: Integrierte Optik in Glas. MIOP'88, Conf,
Proc. Wiesbaden 1988, p. 6B-4

2. R. Lytel, G. F. Lipscomb, M. Stiller, J. 1. Thackara, A.
J. Ticknor in : J. Messier, F. Kajzar, P. Prasad, D. Ul-
rich, Nonlinear optical effects in organic polymers,
Kluwer Academic Publishers (1989), 277

3. H. Schmiclt in: Proceedings of the 5th conference on
ultrastructure processing of ceramics, glasses, compo-
sites, ordered polymers and advanced optical mate-
rials, John Wiley & Sons (in print)

4, H. Schmidt in: Proceedings of the international sym-
posium on molecular level designing of ceramics; Hr-
sg.: Team on the NEDO International Joint research
Program, Nagoya, (1991), 59

5, H. Schmidt, ACS Symposium Series n. 360(1988), 333

6. R. C. Mehrotra in: Sol-gel science and technology,
Eds.; M. A, Aegerter, M. Jaffelicci jr., D. F. Souza, E.
D. Zanotta, World Scientific Publishing Co. PTE Ltd.
Singapore (1989), 40

7. N. Toghe, M. Asuka, T. Minami, SPIE Proc.
1328(1990), 125

8. A. Matsuda, Y. Matsuno, S, Kataoka, S. Katayama, T.
Tsuno, N. Toghe, T. Minami, SPIE Proc. 1328(1990),
62

9. M. Schimidt, R. Kasemann, I, Krug, F. Tiefensee, SPIE
Proceedings 1590(1991) (in print)

10. H. Schmidt, G. Philipp, unpublished results

11. N. Arfsten, K. H. Wissner, B. Lintner, M. Dislich, DE
3728720 C 2, 28.08.87

12, H. Schmidt, Mat. res. Soc. Symp. Proc. 180(1990), 961

13%. U. B. Saxena, A. K. Rai, V. K, Mathur, R. C. Mehro-
tra, D. Radford, J. Chem. Soc. (A) (1970), 904

Authors:

H. Schmiclt, H. Krug, N. Merl

Institut fir Neue Materialen, Universitit des Saarlandes
Saarhriicken (Germany)

13



