


clear at lower spatial frequencies up to 90 /'mm. A linear dependence of relief modulation on layer thickness is to be
expected here. As monomer diffuses in, the polymerising area swells, and the surface is forced upwards. Since the
polymerized area extends through the depth of the layer, a thicker layer would be expected to produce a greater
modulation at the surface. This supports the model describing the material diffusion as the main factor controlling the
light induced surface relief modulation in this photopolymer system. When the spatial frequencies of recording approach
200 /mm however the dependence of the surface relief amplitude on the layer thickness is not so pronounced anymore.
This could be explained by the increased role of the surface tension at these higher spatial frequencies. It would be
expected to prevent the surface from deformation and despite the fact that more swelling would be expected in thicker
layers the overall surface relief amplitude would remain low and almost the same for all thicknesses.
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Fig. 7 Dependence of the surface relief amplitude on the photopolymer layer thickness. The layers are illuminated for
50 s with intensity of 5 mW/cm” at spatial frequencies of recording of 8 and 14 I/mm and with 10 mW/cm® when the
recording frequencies are from 70 to 185 I/mm.

4.5. Spatial frequency dependence

Similar decrease of the final surface relief amplitude with spatial frequency increase was observed in the layers prepared
by spin coating. The results are shown in Fig. 8. As for the layers prepared by gravity settling technique this decrease
could be explained by the increased role of the surface tension. No decrease at lower spatial frequencies was detected for
both types of layers. Such a decrease would be expected if the contribution of mass transport decreases when the fringe
spacing increases. The fact that such low spatial frequency cut-of was not observed could be considered as evidence that
the diffusion processes in this acrylamide based-photopolymer system are relatively fast when compared to other
photopolymer systems. In other photopolymer systems, for example in the one reported by Smirnova'? et. al, such low
spatial frequency cut off is clearly observed.
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Fig.8 Spatial frequency dependence of the surface relief modulation in spin coated layers
with thickness of 2 um. The layers were illuminated for 100 s with intensity of 10 mW/cm>.

4.6. Holographic inscription of patterns

Patterns with different spatial frcquency and profiles were inscribed in the thin photopolymer layers prepared by gravity
settling method. Examples are shown in Figs. 9 -11.

The difference in the inscribed surface relief profile when the intensity of recording was changed from 2.5 to 10mW/cm®
at spatial frequency of recording of 14 /mm can be observed in Fig. 9. It was demonstrated that by choosing the intensity
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Fig. 9 Photoinduced surface relief modulation after 1Hurmnat10n of 3.5 um thick layer with 200 mJ/cm? exposure.
Intensity of recording is 2.5 mW/cm? a) and 10 mW/cm® b).
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and exposure time not only the amplitude but the shape of the photoinduced surface profile can be controlled. This could
turn out to be an important feature when orientation of molecules with different size and shape is looked for.

Patterns obtained after two consequent recordings between which the position of the sample has been changed are shown
in Fig. 10 and Fig.11.

Surface relief
amplitude, nm

Fig.10 Photoinduced pattern inscribed after two consecutive holographic recordings at spatial frequency of 14
I/mm. Recording intensity is 2.5 mW/cm and the recording time is 10 s.

Surface relief
Amplitude, nm

Fig.11 Photoinduced pattern inscribed after two consequent holographic recording at spatial frequency of 185
Vmm. Recording intensity is 10 mW/cm” and the recording time is 10 s.

Proc. of SPIE Vol. 5827 171



Conclusions

The process of surface relief formation by holographic recording in thin acrylamide-based photopolymer layers was

studied. It was established that the surface relief peaks coincide with the areas illuminated by light. This observation

together with the measured dependencies of the surface relief amplitude on the intensity of recording, spatial frequency

of recording and the layer thickness suggest that the diffusion of material plays a substantial role in the surface relief !
formation. It was shown that when the layers are a few micrometers thick their thickness becomes an important factor for
the final surface relief amplitude and profile. This could be explained by an increased substrate-photopolymer layers
interaction which slows down the diffusion processes. The dependence on the layers thickness is especially pronounced
at low spatial frequencies. At higher spatial frequencies the overall surface relief amplitude decreases in all layers and the
thickness dependence vanishes. At these spatial frequencies the surface tension possibly plays the major role by
preserving the photopolymer layer surface from deformation. |
During the course of this study it has been demonstrated that the surface relief amplitude and more importantly the '
profile shape can be controlled by the intensity of recording. This could appear to be an important feature for the
application of this photopolymer system in the design of diffractive optical elements and liquid crystal devices.
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