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The formation of the photoinduced surface relief grating (SRG) on the film of polyurethane containing
liquid-crystalline azobenzene in the side chain has been studied. The peak of absorbance of the azo-polymer
used in this study is around 360 nm, which is shorter than that of other azo-polymer, such as Disperse Red
based, which has been mainly studied so far, and fabrication of SRG with short pitch can be performed using
UV light source. Thermal stability of the formed SRG was investigated and discussed on the basis of the

glass transition temperature.
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1. Introduction

Recently, a holographic recording of a surface
relief grating (SRG) on a thin film of an
azobenzene-substituted photochromic polymer upon
irradiation of two interfering beams from a
low-power laser has been discovered"?. Many
studies have been carried out from the viewpoint of
interest*® and  for

fundamental practical

™19 Due to the cyclic trans-cis-trans

applications
photoisomerization of azobenzene in the side chain,
mass transport is induced to form SRG following
the distribution of interfered light intensity.
However, the detailed formation mechanism of
SRG has not

photoinduced SRG have studied mainly using

been clarified yet. So far,
azo-polymer having acrylate main chain. If polymer

main chain is different, novel characteristics
reflected by their rheological and mechanical
properties can be expected. In this study, formation

of photoinduced SRG has been carried out using
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Fig.1 Molecular structure of azo-polymer used in this study.
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Tablel List of DSC transitions of L21.

129.7°C | 132.6 °C | 139.0 °C
131.4°C | 133.7 °C | 140.2°C

Cooling
Heating

L21

polyurethane having liquid-crystalline azobenzene

in the side chain.

2. Experiment

Figure 1 shows the molecular structure of the
polyurethane containing azobenzene moiety in the
side chain (L21-TDI) used in this study. The peak of
absorbance of the L21-TDI is around 360 nm,
which is shorter than that of other azo-polymer,
such as Disperse Red based, which has been mainly
studied so far, and fabrication of SRG with short
pitch can be performed using UV light source.
L21-TDI has a melting point at 117°C in heating
process. The azobenzene moiety in the side chain
(L21) DSC

transition of L21 is summarized in Table.1.

shows liquid-crystalline phase.
The SRG was formed using the interferential
light irradiation system shown in Fig.2. The
recording light source was UV light (363.8 nm) of
an Ar' laser (Beamlok2060-4S: Spectra Physics),
and the two recording lights were circularly
polarized. Based on the following equation, the
periodicity A of SRG can be controlled by changing
the angle 20 between the two recording laser beams.
A=A/2sin0
Here, A is the wavelength of the writing laser light.
The recorded SRG profile was observed using an
atomic force microscope (AFM), (JSTM-4200A:
JOEL).

photo diode

24

\ g color filter
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Jst diff.
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Fig.2 Experimental geometry for recording the SRG.
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Fig.3 Atomic force microscope profile of the formed
SRG.

In order to monitor the formation of SRG in situ,
the intensity of transmitted and diffracted beams of
a He-Ne laser light (632.8 nm) was measured by a
photodiode and diffraction efficiency was evaluated
. as shown in Fig.2. A color filter (O-56: TOSHIBA)
which cut off light with wavelength shorter than
560 nm, was placed in front of the detector to
prevent the detection of the writing Ar" laser light.
The holographic recording was conducted for 90
minutes, and after stopping Ar laser light
irradiation, the diffraction efficiency was also
monitored to evaluate the relaxation dynamics

under the dark condition.
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Fig.4 Writing laser light irradiation time dependence
of diffraction efficiency.
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Fig.5 Temperature dependence of diffraction efficiency
of formed SRG.

3. Results and Discussion

Figure 3 shows the AFM profile of the formed
SRG on the azo-polymer film. The half angle
between two recording laser lights 6 was 15°. From
this figure, it was confirmed that the SRG of about
100 nm in height and 700 nm in periodicity was
recorded.

Figure 4 shows the diffraction efficiency of the
formed SRG as a function of recording time. Just
after the start of recording, the grating structure was
formed, and the diffraction efficiency gradually
increased by sequential light illumination. This
shows that photoinduced fabrication of SRG was
performed successfully.

Figure 5 shows the diffraction efficiency of the
formed SRG at various elevated temperatures.
Diffraction efficiency was stable below about 80
°C, however, at higher temperatures, the diffraction
efficiency gradually decreased, and no diffraction
was observed more than 115 °C. The melting point
of L21-TDI is 117°C, so that the disappearance of
diffraction can be considered as caused by the
thermal deformation of formed SRG due to the
grass transition of the polymer. This grass transition
is lower than that of polyacrylate-based
azo-polymer, which has been mainly studied so far
(~130°C).
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4. Conclusions

The formation of the photoinduced surface relief
grating (SRG) on the

containing liquid-crystalline azobenzene in the side

film of polyurethane

chain has been studied. The peak of absorbance of
the used azo-polymer is around 360 nm, which is
shorter than that of other azo-polymer, such as
Disperse Red based, which has been mainly studied
so far, and fabrication of SRG with short pitch can
be performed using UV light source. Thermal
deformation process of the formed SRG was
investigated and discussed on the basis of the glass

transition temperature.

Acknowledgement

This work is in part supported by a Grant-in-Aid
for Scientific Research from the Japan Ministry of

Education, Culture, Sports, Science and

Technology.

REFERENCES

—

)

2)

3)

4)

5)

6)

7)

8)

9)

10)

P. Rochon, E. Batalla and A. Natansohn: Appl. Phys.
Lett. 66 (1995) 136.

D. Y. Kim, S. K. Tripathy, L. Li and J. Kumar: Appl.
Phys. Lett. 66 (1995) 1166.

J. Kumar, L. Li, X. L. Jiang, D.-Y. Kim. T. S. Lee
and S. Tripathy: Appl. Phys. Lett. 72 (1998) 2096.

T. G. Pedersen, P. M. Johansen, N. C. R. Holme, P.
S. Ramanujam and S. Hvilsted: Phys. Rev. Lett. 80
(1998) 89.

C. J. Barrett, P. L. Rochon and A. L. Natansohn: J.
Chem. Phys. 109 (1998) 1505.

T. Matsui, S. Yamamoto, M. Ozaki, K. Yoshino and
F. Kajzar: J. Appl. Phys. 92 (2002) 6959.

M. Ozaki, T. Nagata, T. Matsui, K. Yoshino and F.
Kajzar: Jpn. J. Appl. Phys. 39 (2000) L614.

T. Nagata, T. Matsui, M. Ozaki, K. Yoshino and F.
Kajzar: Synth. Met. 119 (2001) 607.

L. Rocha, V. Dumarcher, C. Denis, P. Raimond, C.
Fiorini and J.-M. Nunzi: J. Appl. Phys. 89 (2001)
3067.

T. Matsui, M. Ozaki, K. Yoshino and F. Kajzar: Jpn.
J. Appl. Phys. 41 (2002) L1386.

(July 7, 2003 Accepted)



	20200714092951_ページ_057.pdf
	eme_12_01_053.pdf



