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Holographic Recording and Control of Diffraction Efficiency
Using Photoinduced Surface Defor mation on Azo-Polymer Films

Kenji HARADA*, Hajime INOUE, Mohamed A. E-MoRsY!, Masahide toH,
Shinsuke WEGAKI? and Toyohiko WTAGAI

Institute of Applied Physics and Tsukuba Advanced Research Alliance (TARA), University of Tsukuba, Tsukuba 305-8573, Japan
Iphysics Department, Faculty of Science, Damietta, University of Mansoura, Damietta, Egypt
2Faculty of Science and Technology, Keio University, Hiyoshi, Yokohama 223-0061, Japan

(Received October 1, 2001; accepted for publication October 30, 2001)

Surface relief holograms were fabricated on azo-polymer films by the irradiation of interference laser fringes. The side-chain
azo-polymer, poly-orange tom-1 isophoronediisocyanate, was used in this study. Recording characteristics of surface relief
structures were investigated; they needed no post-treatment, and could be erased by heating or irradiating a uniform laser beam.
The diffraction efficiency of the recorded hologram was markedly increased by corona charging. It was also controlled by
irradiation of the laser beam (488 nm) with corona charging. [DOI: 10.1143/JJAP.41.1851]
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1. Introduction NH
H3C ™~
Polymeric materials are the most promising organic materi: _-O~_ ~_ N/\/O NH

als for electrooptic devices and memory devices. The recorc\g/ r
ing of polarization holographic gratings using azobenzene-
containing polymer films as photoanisotropic materials hag
been reported. This photoinduced anisotropic effect is due n
to trans-cis-trans isomerization and the orientational effects

of the azo-dye chromophore. Direct fabrication of relief struc- N\N

tures in azo-polymers has been reported in the past several

years?™ A surface relief structure is recorded through pho-

toisomerization and the movements of the polymer chifis.

This is a one-step fabrication technique. A surface relief struc-

ture is fabricated by irradiation of interference laser fringes

onto azobenzene functionalized polymers such as side-chain- CN

type and main-chain-type azo-polymers. The diffraction ef-
ficiency and the surface relief depth depend on the writing
energy and the polarization of the writing laser beéaihis
structure is very stable at temperatures below the glass trane
sition temperaturdy and can be erased by heating abdye .
This fabrication mechanism is not well understood at present,®
but several models have been propo%éd. -

We have recently reported that the diffraction efficiency
of the surface relief structure can be markedly increased by
corona charging® Moreover, such a hologram exhibits non-
linearity, because the orientation of the azo chromophore and , ,
the increase in the diffraction efficiency are performed con- 400 500 600 700 800
currently by corona charging. Surface relief grating fabrica- Wavelength(nm)
tion and the modulation of a surface relief electrooptic grating Fig. 1.
have been reporteld)

In this paper, surface relief holograms are fabricated on
azo-polymer films by irradiation of interference laser fringes
The diffraction efficiency of the hologram is controlled by ir-
radiation of the laser beam with corona charging.
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Chemical structure and absorption spectrum of the material.

fial. The glass transition temperature is 186 The absorp-
tion peak and the cut-off wavelength of the dye are 440 nm
and 560 nm, respectively. This polymer is dissolved in cyclo-
hexanone. Samples of 148n thickness are prepared by spin-
coating on a slide glass plate. The refractive index of the film

. . is measured as 1.65 at a wavelength of 633 nm by the m-line
The side-chain azo-polymer, poly-orange tom-1 iso:

phoronediisocyanate, is used in this study. Figure 1 show: technlque

the chemical structure and absorotion trum of the mat SThe surface relief grating is fabricated by the irradiation
€ chemical structure and absorption spectrum ot the Malgs o_peam interference fringes. The experimental setup is

2. Surface Deformation Method
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