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Motivation

Micro systems are generally highly-integrat-
ed compact systems which combine sen-
sor and actuator as well as other intelligent
properties. A further increase in integra-
tion density is achieved by a continuous
decrease in structural dimensions in elec-
tronic, optical or optoelectronic devices.

A significant decrease in device dimensions,
however, leads to the need of high-per-
formance materials for packaging which
can meet the high requirements for pat-
ternable materials:

= Micro- and nanostructuring

" Compatibility to conventional
packaging technology

= Functionalization

. Economy

The material

ORMOCER®s can combine the properties of
glasses and ceramics, organic polymers and

silicones (Figure 1). The ORMOCER® mate-
rial properties can be tailored trough the
composition and the amount and kind of
educts.

Material synthesis

ORMOCER®s are inorganic-organic hybrid
polymers which are synthesized in a first

step by sol-gel processing (schema over-

leaf). By catalytically controlled hydrolysis/
polycondensation of organically modified
(R') metal alkoxides, e. g. R' Si(OR), ,
tially inorganic network is built up by the

a par-

formation of organically functionalized in-
organic-oxidic oligomers (sol/resin). In a
second step, these can be thermally and/
or photochemically (UV) cross-linked due to
the organic functionalities R', whereas R',
can be a styryl-, methacryl-, acryl- and/or an
epoxy-group. Finally, after thermal curing
of the functional layers, microstructures or
bulk materials are obtained.



Characterization

The physical/chemical properties of
ORMOCER®s can be tuned by the kind and
the concentration of non-polymerizable
functional groups (network transformers) as
well as by the configuration of the inorgan-
ic and organic network. The latter, how-
ever, can be influenced in a broad range

by the choice and synthesis of educts. This
yields a tremendous amount of innovative
applications. The Table demonstrates some
selected material properties from the broad
material spectra. Due to the chemical bind-
ing to various substrates and to their low
water uptake, ORMOCER®s demonstrate
very good passivation properties.

Application

ORMOCER®s can be applied by spin-on,
dipping, backfilling and curtain coating

on a variety of different substrates such as
Si/Si0, wafers, glasses, polymer substrates
like, for example, FR4 (glass-fiber reinforced
epoxides) or even flexible polymer sub-
strates or foils. Particularly, the use of FR4
allows one to perform extensive mass pro-
duction using projection exposure and an
increase of the integration density of in-
dividual modules with a back-side con-
tact using ball grid arrays. Their low curing
temperatures between 100 °C and 170 °C
make them attractive not only for polymer
substrates, but also with respect to
temperature-sensitive devices.

Patterning

Due to their outstanding material prop-
er-ties, one and the same material can be
used for dielectric multi-layers and stripe
waveguides, respectively. The patterning of
ORMOCER®s at ISC is usually performed in
a clean room (class 100 to 10 000).

ORMOCER?®s behave like negative resists
which can be patterned by photolithogra-
phy, two-photon polymerization with fem-
tosecond lasers, or direct laser writing,
which allows one to produce periodic and
non-periodic structural features. Also, la-
ser ablation and embossing techniques are
applied for the production of optical de-
vices with ORMOCER®s. Due to the very
good adhesion properties of ORMOCER®s
on metals, one can easily produce multilay-
ers for electronic, optical and electro-optical
applications.
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ORMOCER®s

1 Array of confocal
microlens telescopes,
fabricated by double-
sided UV replication
(courtesy of
Fraunhofer IOF)

2 ORMOCER® micro-
lenses, fabricated by
ink-jet printing

3 3D photonic crystal
structure, fabricated
using ultra-short laser

pulses (515 nm)




