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1. Abstract

2. Introduction

The Fast-Sol-Gel Group at Soreq NRC is engaged in

the research and development of novel materials based on

the Fast-Sol-Gel synthetic route and devices made

therefrom. The primary objective of these efforts is the

development of a novel fabrication route for both passive

and optically active optical and micro-optical components.

We expect that, as compared with the existing art, the

components thus made will be highly advantageous in terms

of technology and cost. Our work is focused on facile

replication of micro-optical elements (MOEs) and arrays in

Fast-Sol-Gel prepared resins. These resins are made from

mixtures of alkyl-alkoxysilane monomers, via hydrolysis

and polymerization within 10-20 min, followed by curing

that takes a few days. Single-step reproducible fabrication

of large crack-free elements, 12 mm thick and 5 cm in

diameter, and highly accurate replication of micro-optical

arrays comprising elements in the 10-500 p.m range, have

been demonstrated. Among the wide variety of feasible

applications of this technology are device-tailored

micro-optical-arrays, aspheric, diffractive or optically active

micro-optical elements and arrays.

The rapidly accelerating use of micro-optics and

integrated micro-optical circuits, similar to that of

micro-electronic devices, requires new materials and

processes for their fabrication. Optical micro-elements and

arrays have to be produced from materials and by processes

that assure high dimensional accuracy, high optical quality,

and adequate index of refraction. Natural glass of various

. types is the most obvious candidate material for such

applications. However, it can be replaced by sol-gel

synthetic glassy materials which appear to present an

attractive alternative, both costwise and technologywise.
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The sol-gel reaction is a synthetic route by which

metal-alkoxide monomers, silane-alkoxides in particular,

are converted to ceramic/glassy materials by a sequence of

acid or base catalyzed hydrolysis reactions (1) followed by

condensation reactions'1"4'. The condensation stage (2),

involves formation of M-O-M bonds and results in siloxane

macromolecules accompanied by small condensates of

water or alcohol.

Si(OR)4 "2° > Si(OR)3OH H-° > (1)

Si(OR)2(OH)2 "2° > SiOR(OH)3 H2° > Si(OH)4

(2)

~ROH > =Si-O-Sis

The preparation of glass monoliths or films by the

sol-gel method necessitates a cautious and prolonged

process. Preparation of optical elements from

sol-gel-derived glass is further complicated by the fact that

the drying of sol-gel-derived matrices causes extensive

shrinkage.

The new fast-sol-gel method <5"8) enables facile

preparation of siloxane-based glassy materials in which

polymerization is completed within minutes and curing

within a few hours. This synthetic route employs

methyl-substituted alkoxysilane monomers and yields

crack-free material when the average number of

alkyl-groups per silane is at least one (5):

CH3 CH3 O

(-Si -O)n(-Si -O)m(-Si -o) i - (n+2m)/ (n+m+1) > 1 (3)

O CH3 O
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Encaging of high concentrations of discrete guest molecules

in these matrices, aiming at their use in optically active

elements, has also been demonstrated(>9>. Recently, a

comprehensive study of the chemical and physical

processes involved in curing of this glass and the

consequent encaging of guest molecules has been carried

out*10'"'

Molding is an attractive route for production of micro

lenses and micro lenses arrays, where fabrication

technology is complex and expensive(12). The mild

temperatures employed in the sol-gel method, facilitate use

of a wide variety of temperature-sensitive dopants like

organic laser dyes. The pioneering sol-gel industrial

fabrication of micro-optical elements and arrays was

established in 1985(13) The high optical quality of the

glasses obtained by the fast-sol-gel method and the facile

means of their preparation appear to render this method

technologically and economically attractive for the

preparation of such micro-optical elements(14).

Micro-optical elements and arrays are densely

patterned and may contain sharp curvatures. Their

replication imposes strict physical and chemical (surface

and bulk) requirements on both the templates and the

sol-gel. High surface polarity is required to keep the resin

adhering onto the template throughout the curing. However,

this polarity must be tuned to enable separation of the cured

glass elements from the mold. The chemical constitution of

the resin must impede sol-gelation prior to removing the

volatile products and casting, to minimize shrinkage. The

sol structure thus has to enable slow cross-linking

concurrently with substantial relaxation, which is important
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for crack-free drying of the glass.

3. Experimental
Monomers and reagents - Methyltrimethoxysilane

3.1 Synthesis

(MTMS), tetramethylorthosilicate (TMOS) (Aldrich, CP)

and dimethyldimethoxysilane (DMDMS) (Hulls, CP) were

used as received; HC1 10~2 M (CP) was employed as a

catalyst for the sol-gel reaction.

Supports and templates - Glass slides, Kapton films

and AsSe chalcogenide films were used as flat supports for

sol-gel casting. Patterned supports were made of

polycarbonate, PMMA, cured acrylic photoresist, cured

polyimide photoresist, and gold-sputtered metal templates

made of brass or tantalum. PMMA lens array templates

(#MRP-110, positive) were purchased from Aeroflex Lab.

Inc., USA. Support surface etching in 6 M NaOH or

oxidative-etching in a RF oxygen plasma (Harrick Plasma

Cleaner) were employed to tune the gel-support adhesion.

, . _. , . , 3.2 Analytical methods
Thermal analysis -Thermal analysis was conducted

using Differential Scanning Calorimetry (DSC, V4.0B -

DuPont 2000), and Thermo Gravimetric Analysis (TGA,

VI.IB TA - DuPont 2000), at a constant heating rate and

controlled atmosphere. Cracking stability was tested in the

range of 100 to 250 . Coefficient of thermal expansion

(CTE) was measured by Corning Laboratory Services

(Hughton Park, USA). The thermal expansion curves upon

heating and cooling were determined by dilatometry.

Chemical and morphology surface analysis - FTIR

(Nicolet, Model DX-5) was employed for the surface

analysis of the air-facing and support-facing surfaces of the

sol-gel-derived glass and the support surface. MOEs surface
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quality (smoothness) and patterning quality (replication

accuracy) were determined by SEM (JEOL 6300), AFM

(Digital Instruments: Nanoscope-II) and 3D Imaging

Surface Nano-Structure Analysis - NSA (Zygo). Porosity,

density, Knoop hardness, weight loss at 1000°, and index of

refraction were measured at Deutsche Spezial Glas (DSG),

Germany.

Dielectric analysis - Internal transitions and

percolation processes in the glass between -100° and 120°

were studied by Time Domain Dielectric Spectroscopy

(TDDS)(15) employing a Broad Band Dielectric

Spectrometer (BDS 4284, Novocontrol) at 20 Hz - 1 MHz.

Spectral analysis UV-Vis and FTIR wide range spectra

were recorded at DSG, and narrow range spectra were

obtained using HP-8452A (UV-Vis) and Nicolet

Magna-550 (FTIR) spectrophotometers. Birefringence

analysis was carried out at Soreq employing a He-Ne

632 nm 5.3 mW laser and the setup shown in Figure 1. An

optically polished sol-gel slab was introduced into the beam

pathway and rotated (0-360°) around the beam axis. The

transmitted power was measured as a function of the sample

rotation angle.

Fig. 1: Birefringence
measurements setup.

Sol-Gel Glass
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4. Results,
Observations and
Discussion

4.1 Sol-gel Resins
adhesion and

separation from
supports

In general, since sol-gel adhesion to glass and

oxide-coated metals is permanent, only polymeric molds

can be employed for this purpose. Controlling the

resin-template's adherence and separation was the main

objective of the R&D, because the template's surface has to

be tailored to provide resin-adhesion sufficient to maintain

accurate replication; at the same time it should allow

separation of the cured MOEs from it. These are not

conflicting requirements since, upon curing of the gel, its

polar groups (hydroxy and methoxy) undergo bulk and

surface condensation, which substantially reduces the

gel-mold adherence forces.

Photolithographically patterned polyimide photoresist,

cured at 400°, was found to be inert to the sol-gel and very

useful for preparing supports and molds that meet the

necessary requirements.

4.2 Surface chemical
Characterization of the supports modified surfaces, i •

crucial for adhesion/separation timing, can be carried out

using FTIR spectra of templates and sol-gel films. Selected

FTIR spectral data are given in Table 1. The CH3-O-Si=

peak at 2844 cm"1 and the H-O-Si=peak at 3370 cm"1

were used to characterize the degree of curing. Following

condensation of these groups to =Si-O-Si=, cross-linking

progression should manifest itself in a decrease in the peak

ratios CH3-O-Sis/CH3-Sis and H-O-Si=/CH3-Sis.

The FTIR data (Table 1) show that the methoxy-groups

hydrolysis requires a MR > 1.8 to approach completion,

rather than the stoichiometric MR = 1.5. At MR = 1.5, the

water present is sufficient to hydrolyze 1.5 of the three
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Table 1: FTIRofMTMS sol-gel thin films

S o l -

Composition of
Reactants HC1 / MTMS

(MR)

MTMS (Ig); MCI
MR=1.40

MTMS (lg); MCI
MR=1.40

MTMS (lg); MCI
MR=1.43

MTMS (lg); MCI
MR=1.43

MTMS (lg); MCI
MR=1.50

MTMS(lg);HCl
MR=!.5O

MTMS (lg); MCI
MR=1.80

MTMS/TMOS 85:15 mix
(lg);MCI MR=1.80

MTMS/TMOS 85:15
mix(lg);HClMR=1.80

G e l

Procedure of
Preparation T,°C;

AW (w/w)c

T = 95±l°
McOMcvap: 0.500 g

T = 9 5 ± l °
McOMcvap: 0.550 g

T = 9 5 ± l °
McOMcvap: 0.500 g

T = 9 5 ± l °
McOM cvap: 0.550 g

T = 9 5 ± l °
McOMevap: 0.500 g

T = 9 5 + l °
McOII cvap: 0.525 g

T = 9 5 ± l °
McOMcvap: 0.525 g

T = 9 5 ± l °
McOII cvap: 0.525 g

T = 9 5 ± l °
MeOH cvap: 0.575 g

Relative Peak

CH3-O-Si=

CH3-Si=

0.33
0.30

0.29

0.15
0.22

0.33
0.24

0.12

0.15

0.10
0.05

0.30
0.36

0.29

Height a>b

H-O-Sis

CH3-Si =

1.12
1.04

1.08

1.59
1.38

1.09
1.27

1.66

1.54

0.97
1.35

0.91
0.99

0.88

Remarks

crack-free, undctached

crack-free, partly detached

crack-free, undctached
crack-free, partly detached

crack-frcc, partly detached

crack-frcc, partly detached

crack-frcc, partly detached

crack-frcc, undctached
crack-frcc, fully detached

cracked, undetached

Cracked, undctached

Sample

Code

001
002

006

007
008

011
012

016

018

019
020

039
040

037

"• Film average; b. CH3-Si= at 2974 cm-' (reference); CH3-O-Si= at 2844 cm"1; H-O-Si= at -3370 cm-';
c' Spin-cast: 4 min at 700 rpm

alkoxy groups per silane, whereas the remaining groups are

consumed in the condensation, the completion of which is

sterically hindered. For our purpose of developing of a

well-controlled process, facile casting, patterning and

crack-free drying are required; therefore, as a means of

slowing the cross-linking, we worked at MR close to 1.5.

Worth mentioning also is the fact that, for large (5 cm in

diameter) and thick (~1 cm) elements working at slightly

sub-stoichiometric MR was found to be advantageous for

crack elimination.
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Inaccessibility of tiny patterns in the template to the 4,3 Pattern replication

viscous resin may result in defective pattern replication. A

key factor in understanding and determining the replication

quality is the correlation between the pattern dimensions

and replication accuracy depicted schematically in Figure 2,

in which the change with radius of the ratio between

replicated curvature (xi) and that of its template (ri) is

denoted as the replication factor

5

100 10 0.1 0.01

(arbitrary units)

0.001

Accurate replication must be carried out in the flat

region of the curve shown where the replication factor

equals unity. It is quite clear that the smaller the template's

curvatures (e.g. < 1 jam) the further the flat range of the

curve has to be extended to the right. This can be attained

by either lowering the sol viscosity or by increasing the

gel/template adhesion.

Minimizing the weight loss, by pre^-casting removal of

volatiles, is the primary means to minimize the shrinkage.

This, however, increases the viscosity of the cast sol and

shifts the ^/ri curve to the left. Hence, accurate replication

requires a well-balanced combination of template surface

polarity, sol-gel viscosity, and patterning density.

SEM and AFM studies' ' gave images of the sol-gel

glass that show nanometer-scale smoothness.

and surface
morphology

Fig. 2: Variation of the replication
factor with template's curvature -
r, (schematic)
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Fig. 3: Sol-gel replication of
polyimide cylindrical lenslet array.
Lenslet nominal diameter: 90 /um.
a. Pristine template (negative);
b. Sol-gel replica (positive).

NSA (see experimental) was used to monitor the

replication accuracy images obtained in the present work.

Figure 3 shows typical NSA-generated surface profiles of a

polyimide negative array template (ji-cylindrical elements,

® = 5 - 50 urn) and a sol-gel replica (vacuum out-distilled

resin). It can be seen that the lenslets in the glass are smooth

and accurately replicated from the template, whereas the

polyimide template after the replication is identical, in

dimensions and appearance, to that before replication,

implying its suitability for multiple use.

(a)

(b)

+0.50000:

f +0.1250K

2 -025000!

o1 -0.62500!

-1.00000^

0.0000 0.0200 0.0400 0.0600 0.0800
Distance (mm)

Ra 0.302 um
Profile Stats

+ 1.00000 -,

-0.50000
0.0000 0.0200 0.0400 0.0600 0.0800

Distance (mm)

I PV 1.345 um I
rms 0.343 um

Ra 0.285 um I
Profile Stats I

For our templates, with ri in the range 5 - 5 0 um, the

replication factor was found to to be almost equal to unity.

This finding, in the commonly useful range for

micro-optical elements, shows the applicability of the

fast-sol-gel method for industrial fabrication of MOEs.
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The classical sol-gel routes to silica-made films(l> are

applicable to a thickness of up to 1 p.m. The early fast

sol-gel routes (5"8) enabled extension of the film thickness

range to approximately 100 um, already suitable for MOEs,

but still too fragile for convenient handling. In order to

make thicker elements, increased relaxation capability in

the gel is required to eliminate cracking. This requirement

was met by lowering the MR to 1.43 - 1.45 and elevating

the reaction temperature to 100°. The low MR impedes

cross-linking, thus facilitating relaxation. The increased

hydrolysis temperature enhances formation of dimers and

ladder segments, which further assists relaxation. The

vacuum out-distillation pre-casting volume-reduction

reduces the shrinkage upon curing, and its resultant stresses

and cracking. Using this procedure in a facile single-step

replication process we were able to prepare patterned

micro-optical arrays, up to 12 mm thick and 5 cm in

diameter.

The key parameter for a successful two-face replication is

the time at which the sol-gel resin, cast on a (bottom-face)

mold, can be embossed with a second (upper-face) mold. At

this time, the pre-cured resin must be soft enough to allow

replication, yet sufficiently dry to eliminate formation of

volatiles-derived bubbles in the MOEs. To determine the

embossing time, we studied the post-casting weight-loss

time-profile, as displayed in Figure 4.

These data indicate that embossing should be carried out

after 60 - 75 min curing at 65°, after the post-casting weight

loss is almost completed. Indeed, such embossing results

4.4 Development of the
fast-sol-gel route
enabling thick
element formation

4.5 Two-face replication
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Fig: 4: Post-casting weight loss-
time profile ofMTMS/TMOS
sol-gel derived glass at 65 °. All
samples were cast at 50% weight
loss relative to reactants.

Wt (%)

100

98

96

94

92

90

88

86

50 100 150 200 250

Curing Time (min)

300 350

in a successful two-face replicated crack-free sol-gel

MOEs, having thickness up to 12 mm, on templates made

of polymers. In Figure 5, the two-face sol-gel-replicated

Aeroflex micro-lenslet array (cf. Experimental) is shown,

with its backside reflected from the mirror.

Fig. 5: Sol-gel produced two-face
replica of the Aeroflex
micro-lenslet array, with its
backside reflected from the mirror.

4.6 Thermal chemical
and dimensional
stability

Typical TGA - DTA record of annealed MOEs is

displayed in Figure 6. Up to 250°, there is no significant
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110

105

,-.100

1,95

I
90

85

80

395.68°C(I)
-4.916%

309.46°C

471.10°C(l)
-3.361%

463.32°C

-5.674%

661.04OC ' ^ W C

766.13°C ^ L -1.948%
819.53°C

I L

200 400 600
Temperature (°C)

800 1000

transition or weight loss, indicating stability of matrices

derived from vacuum-dried and thermally annealed sol-gel

resins. This stability reflects loss of reactivity due to the

lack of volatiles and the poor mobility of the residual

reactive groups in the matrix. Above 250° these reactive

groups undergo trans-esterification reactions , thus

forming additional chemical bonds and a stiffer,

easy-cracking matrix.

The substantial transition and weight loss at 450-500°

is due to the pyrolysis of the methyl-silane groups (CH3-Si)

into oxide and silicon-carbide moieties. It should be noted

that silicon-carbide formation from a MTMS-derived fully

cross-linked matrix is stoichiometric:

CH3-Si0,.5 -» CSi + 1.5 H2O

w(CSi)/w(CH3-Si0i.5) = 59.7%

(4)

Silica residue is formed in thin glass films, pyrolyzed in an

oxygen-rich atmosphere:

CH3-Si0i.5 + 2O2 -> SiO2 + CO2 + 1.5 H2O (5)

w(SiO2)/w(CH3-SiOi.5) = 89.6%

Fig. 6: TGA - DTA record (under
Ar) offast-sol-gel-derived glass
cured at 14'Of'

IAEC - Annual Report 1998
31



IAEC - Fast-Sol-Gel Synthesis and Characterization of Glasses for Micro-Optics

The simultaneous occurrence of both processes is

indicated by the typical 80% residue observed at 1000° (see

Fig. 6).

Thermal expansion properties of the fast-sol-gel-

derived annealed glass are of great importance when

making replicas from the template. Because of the

differences in coefficients of thermal expansion (CTE)

between the glass replica and the template, glass cracking

might occur at this stage. We have found that around 65

for our glass linear CTE equals 160 10 K , whereas the

linear CTE of the relevant template materials is 70-77 10

V 1 for PMMA, 17 10'6 °K~' for copper and 6.5 10"6 0K"'

for tantalum. Reduction of the probability of cracking can

be accomplished by a better matching between the thermal

expansion properties of the metal-made templates and the

glass. This can be achieved by modification of the glass

constitution, via addition of DMDMS to the reactants. As

this procedure entails a change in the optimal MR for

replication and since cracking under our experimental

conditions was not so frequent, we have not yet resorted to

this means.

Hardness data of the fast-sol-gel-derived glasses are

presented in Table 2. The hardness depends very slightly on

the curing process and on the catalyst. Increasing the HC1

concentration results in an increased hardness, most

probably by accelerating the matrix cross-linking. A further

increase in hardness is obtained via boron-oxide

reinforcement of silicate glass. This effect is particularly

important for the preparation of delicate MOEs.

4.7 Hardness
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Sample
No.

299A

299B

262B

234C

B-25

Sol-Gel Procedure

Standard, curing 7d at 65°

Same as 299A + 2d at 140°

Same as 299A, using 1 M HF

instead of HC1 (5x10-3 M)

Same as 299A, using lxlO"2

MHC1 instead of 5xl0'3

Same as 299A + H3BO3

(lg/40gsilane)

Knoop
Hardness

5

<5

6

10

12

Refracti
veIndex

1.423

1.4205

1.421

1.420

1.420

standard procedure at 85% MTMS, 15%TMOS and MR= 1.5 and 100°.
ICl = 5xl0'3M

A typical UV-Vis-IR spectrum of the

fast-sol-gel-derived glass is displayed in Figure 7. The glass

is highly transparent in the UV-Vis range above 300 nm and

thus can be used for optical applications which require

transparency in this region. The glass is also clear in the

near IR and becomes absorbing only as from the methyl

peaks at 1120 nm. The indices of refraction (see Table 2) in

all glasses are similar, reflecting a similar chemical

constitution. The slightly higher indices in samples 262B

and 299A can be attributed to an excess of fluorine- and

oxygen-containing groups, respectively.

120

110

8
••S 40

/
I

— * • — • ' N

I \

I
I 1

r
1y*

\
V

\
\
\
\
1

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

X, nm

Table 2. Hardness and refractive
index offast-sol-gel derived
glasses

4.8 Transparency and
Refraction

Fig. 7: UV-Vis-IR spectrum of a
typical fast-sol-gel 2.88-mm-thick
glass
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4.9 Patterning analysis

Table 3: Replication factor data of
fast-sol-gel-derived MOEs(l4>'6}

Micro-patterning of the fast-sol-gel-derived MOEs

requires comprehensive surface morphology analysis to

monitor the replication accuracy that is related to the

replication factor mentioned earlier. The replication

accuracy was found to depend on two factors: shrinkage in

the x-y plane of the micro-optical array, and expansion in

the z direction, superimposed on that shrinkage. Typically, a

decrease in the width of the elements was observed,

whereas both a decrease and an increase in their height were

observed see Table 3.

Lenslet /Template
Specifications a

Shape and Material

Cylindrical/PI

Cylindrical / PI

Cylindrical / PI

Spherical / Tantalum

Width
(urn)

45.92

44.76

24.15

294.0

Height
(l-im)

1.32685

1.32713

2.24502

13.3849

Sol-Gel Replica Lenslet
Specifications

Width
(Urn)

43.06

42.98

23.97

294.0

Height
(|im)

1.30053

1.31157

2.28150

12.4115

x-y change (%)

-6.2

-4.0

-0.7

0

z change (%)

-2.0

-1.1

+ 1.6

-7.2

H All samples prepared via the standard sol-gel procedure.

4A0 Birefringence
Typical birefringence data are displayed in Figure 8.

The modulation of the signal with the rotation angle

indicates a very small birefringence -B, which, when

derived from the experimental results using eq. 6, is found

-4
to equal 1.6x10 .

B = AI/I° = (I(out)max - I(out)min)/1° (6)
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In expression (6), 1°, I(out)max and I(out)mjn denote the

incident light intensity, the maximum transmitted light

intensity and the minimum transmitted light intensity,

respectively.

The difference between the refraction indices along

axes that are parallel and perpendicular to the incident beam

- An, can be calculated from the above birefringence result,

since

1/2An = (B) X/2nd (7)

where X denotes the wavelength of the incident laser light,

632.8 nm; and d is the sample thickness, which was 2.56

mm. The An value derived upon substitution of 1.6X10"4 for

B and the values of the two other parameters is 0.52 10" ,

which indicates a fairly isotropic optical quality of the

sol-gel-derived glass.

SolGei birefringence
1.6

1.4

£1.2

I'

.22 OA
1 |

0.2

•• •
*

•

•
•••

«

• . /

•
•

•

•
•

Fig. 8: Birefringence data of
fast-sol-gel-derived glass (sample
276: standard procedure, cured 7d
at 6? and 2d at 1401'.

50 100 150 200 250

Angle (degrees)
300 350

The porosity of the fast-sol-gel glasses was determined 4.11 Porosity

at DSG, where it was derived from density measurements.

In Table 4, are presented only typical results based on these

measurements which, in general, were in quite good

agreement with those derived from TDDS studies.
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Table 4: Porosity data of selected
fast-sol-gel derived glass samples.

Sample
No.

299A

299B

262B

234C

B-25

Sol-gel procedure

Standard, curing 7d at 65°

Same as 299 A + 2d at 140°

Same as 299A, using 1 M HF
instead of HC1 (5x10"3M)

Same as 299A, using lxlO"2 M
HC1 instead of 5xl0"3

Same as 299A + H3BO3

(1 g per40 g silane)

Density
(g/cm3)

1.315

1.314

1.325

1.366

1.315

Wt. Loss
(%)

21.08

19.37

17.99

14.55

19.50

Porosity
(%)

27.6

28.7

28.9

28.9

28.6

(to avoid ea

Remarks

MR= 1.60

-"-
a

i t

MR= 1.19

rly gelation)

4. \2 Dielectric relaxation
processes

The measured porosity in all the glass samples falls

within a narrow range of 28-29%. This can be attributed to

the fact that a similar procedure was employed in the

preparation of all these samples: preparation at 100° and

casting at 50% wt (relative to the reactants). This finding

lends support to the assumption that under the fast sol-gel

conditions the catalyst, its concentration and additives have

only negligible effects on the porosity.

The relaxation processes in the fast-sol-gel made glass

matrices were investigated by TDDS, as described in the

experimental section; a typical 3-D plot of the results is

presented in Figure 9. The variation of the permittivity with

temperature and frequency shows a rather complicated

pattern, which has been found to be common to all our

sol-gel glass samples.

The complex dielectric behavior of the sol-gel glasses

can be described in terms of three distinct relaxation

processes (see Fig. 9) At the low temperature wing the

strong relaxation process (1) can be observed. It can be
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attributed to the molecular motion of the H+ (and the Cl"

counter ions) anchored on the methoxy residual groups in

the matrix. The second process (2) is due to the percolation

of the charge carriers within the developed fractal structure

of connected pores. The third relaxation process (3), which

occurs at temperatures above 50°, can be ascribed to the

dielectric relaxation brought about by segment motion,

which can be associated with the slow bending motion of

polymer chains forming an entangled three-dimensional

network.

-100
100

Temperature [°O]

200

The studies of the fast-sol-gel process at Soreq NRC,

focusing on aspects of replication of micro-optical elements

and arrays in sol-gel-derived glass, have led to the

following:

# Identification of the controlled modification and quantitative
analysis of the support surface oxygen-con tent as the primary
means for prompt self-timing of the glass-support detachment.
That is, chemical tuning of the time, in the course of the process
of curing, at which the contraction of the sol-gel matrix
overcomes the forces of its adherence to the support.

Fig. 9: 3-D plots of the frequency
and temperature dependence of the
dielectric losses for the
fast-sol-gel-derived matrices, at
100".

5. Conclusions
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# Identification of the need for specifically tailored sol-gel
chemical constitution, degree of polymerization, and alcohol
out-distillation as the primary means to ensure the mechanical
and stability features of the glass.

# Based on the above findings, a facile single-step replication
process of micro-optical arrays was developed. Self-supporting
sol-gel-derived glass patterned elements with thickness up to 12
mm and a diameter up to 5 cm were thus prepared for various
experiments and applications.
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