Polarization dependence of holographic recording in glassy azocompounds
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     Recently we have found that quite efficient holographic recording is possible by red He-Ne laser light in stilbene azobenzene derivatives including surface relief grating (SRG) recording with 226 nm thickness change1 . The possibility of the trans-cis photoisomerization by a red light was regarded as one of the recording mechanisms. In this paper we report on the polarization dependence studies of these and other materials confirming this conclusion . Strong dependence on the recording light polarization of the holographic recording is found.

     The studied organic samples were glassy thin films with the thickness of 1-3.5 μm spin-coated on the glass substrates. The following  chemical compounds have been studied: 1) 3-(4-(bis(2-(trytyloxy-)ethyl)amino)phenyl)-2-(4-(2-bromo-4-nitrophenyl)-diazenyl)phenyl)acrylonitrile or shortly 8a; 2)2-(ethyl(4-((2-nitro-4-triphenyl)diazenyl)phenyl)-amino)ethyl-4-((4-bis(2-(trityloxy)ethyl)amino)-phenyl)diazenyl)-3-nitrobenzoate or 16; 3) 4-((2-bromo-4-nitrophenyl)diazenyl)-N,N-bis(2-(triphenyl-silyloxy)ethyl)benzenamine or 11.

     Transmission holographic gratings with the period of 2 μm were recorded by two equally strong symmetrically incident 532 nm or 632.8 nm laser beams with the total intensity of about 1.0 – 1.6 W/cm2. The following recording light polarizations have been used:  linear polarizations s-s, p-p, s-p, and L (left circular polarization) – E (elliptic polarization with the ratio of axes 1:2), R (right circular polarization) - E. As far as we have not determined the rotation direction we simply designate these polarizations by CE-1 and CE-2. Self-diffraction efficiency (SDE) was measured as the function of exposure time, and diffraction efficiency  (DE) was measured at the end of the recording. Besides, measurements of photoinduced thickness changes were made in some cases by atomic force microscope (AFM).

     A strong holographic recording efficiency dependence have been observed.The highest SDE and DE values have been obtained by CE-1 polarization- up to SDE= 32%(at 532 nm) in the sample 8a  and DE=15% (632.8 nm) in the sample 11.Then follow p-p polarization with the highest DE=12.4%(632.8 nm) in the sample 8a, s-p polarization with the highest DE=10.9%(632.8 nm) in the sample 8a, and s-s polarization withe the highest DE=4.37%(632.8 nm) in the sample 11.All these values correspond to 632.8 nm. At 532 nm the highest DE   value of 11.9% with CE-1 polarization has been got with the sample 8a. As a rule, the 532 nm SDE and DE values were lower. The efficiency of the polarizations CE-1 and CE-2 depended on the sample and wavelength. Thus at 632.8 nm CE-1 polarization was more efficient for all samples except 8a . At 532 nm the CE-1 polarization was more efficient than CE-2 polarization in 8a.

     It should be also noted that in sample 8a in the case of s-p, CE-1 and CE-2 polarizations at 532 nm a coherent self-enhancement of the recording was observed at the readout by one beam whereas in all other cases (i.e., for 632.8 nm, for other polarizations and samples) an optical erasure took place.Besides, in 532 nm s-p and CE-1 cases concentric ellipses around diffracted beams in all diffraction orders were observed .Evidently, this is due to the photoinduced lenses which are stronger in 532 nm case.
     We have measured the maximum photoinduced thickness change, Δdmax (equal to the doubled thickness modulation maximum amplitude) by AFM in the most efficient samples 8a and 11. In the case of s-polarized 532 nm recording we have measured 25 nm for 8a and 20 nm for 11.  As far as sample 11 was the best at s-polarized 632.8 nm recording   AFM measurements were made also in this case. They have given  Δdmax =12 nm only. This means that photoinduced processes in the volume play the major role .We have also calculated Δdmax  from holographic and optical measurements  by formula given in our paper2 in the case of our main sample 8a . We found Δdmax =23 nm for s-polarized recording by 532 nm light, 236 nm for p-polarized recording at 532 nm, and 180 nm for p-polarized recording at 632.8 nm. Thus again one can see that p-polarized recording is much more efficient than s-polarized one. The AFM measurements in the case of CE-1 and CE-2 polarizations are planned.

     In conclusion, we have studied polarization dependence of holographic recording  in organic glassy azocompounds. Organic ones are more efficient. Best results in organic compounds have been obtained by CE-1 or CE-2 polarized beams.  Their efficiency depend on the wavelength and sample.We also conclude that a strong  polarization and spectral dependence  of the holographic recording in the studied azocompounds confirms the trans-cis recording mechanism at both 532nm and 632.8 nm.
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