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The results on using of carbazole-based azopolymer layers (Polyepoxypropylcarbazole: Methyl Red with
magnetic particles of Fe2SO4) for the recording of 1-D and 2-D surface relief gratings are presented in this report.
Morphology study using AFM and MFM of obtained structures has shown their good quality. Surface relief gratings
with profile height up to 1.2 pm were obtained during the holographic recording using blue laser. Along with
surface relief grating it was shown the direct formation of magnetic relief. Possibility of simultaneous direct
fabrication of surface and magnetic relief by optical holographic recording using azopolymer thin films as recording

media was shown.
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Introduction

Recently, research and the development for new
recording media on the base of non- crystalline
photosensitive materials have been actively carried out [1-
3]. Of particular interest are carbazole-containing
copolymers, which could be used for photoinduced
formation of surface reliefs [4-6]. Versatile optical
elements (refractive elements [7], optical storage elements
[8-10]) can be fabricated using such media. Carbazole-
containing polymers can be used for both optical and
electron-beam recording, which may be of interest for the
implementation of combined recording [11]. To increase
the light sensitivity of recording materials, their optical
sensitization is of great importance [12-14]. Various dyes
and additives can be used as spectral sensitizers.

Photostimulated changes in optical and physical
properties are the basis for recording and optical
information storage [1,3,8]. Substantial materials motions
(induced by photoisomerization reactions of azobenzene
molecules) can be obtained under light exposure of
azopolymers. Carbazole-based azopolymers under the
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influence of laser irradiation exhibit changes in thickness,
transmission, provide ability to form surface relief’s, high
resolution and possibility of optical elements fabrication
such as photonic crystals, broad-band antireflection
coatings, diffraction gratings, nanostructured polarizers,
microlens arrays, holograms, plates, etc. [3]. Carbazole-
containing azopolymers are good light-sensitive materials
due to high refractive index modulation, high resolution,
low absorption for visible and infrared light, high signal-
to-noise ratio and good stability of parameters in the
environment. However, this recording material is
primarily sensitive to the ultraviolet region of the
spectrum. Therefore, the problem of expanding the
spectral photosensitivity into the visible region of the
spectrum to adjust it to the wavelength of recording is
topical. To expand the spectral sensitivity, it is necessary
to use the optical sensitization of the polymeric recording
layer by introducing a dye that has absorption in the
desired region of the spectrum.

Exposure by interference intensity pattern is usually
used to fabricate diffraction gratings [15-17]. Selective
etching usually is used for the surface relief formation
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[1,3,15]. Direct fabrication (without a step of selective
etching) of gratings by interference pattern exposure was
shown in [18-20].

The results on using of carbazole-based azopolymer
layers for the direct recording of surface relief gratings are
presented in this report.

I. Experiment

Polyepoxypropylcarbazole:Methyl Red (PEPC:MR)
with magnetic particles of Fe;SO,4 was synthesized. As a
photosensitizer, the azopolymer contained azodye Methyl
Red.

PEPC thin films were fabricated using spin coating.
Experiments were carried out at room temperature. Two-
beam spectrophotometer SPECORD M40 in the range of
wavelengths of 450-900 nm was used for the recording of
PEPC:MR films transmission spectra which showed good
transparency in the VIS region (Fig.1, curve 1).
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Fig.1. Transmission spectra of PEPC:MR films. 1- PEPC,
2 — substrate transmission, 3 — transmission of PEPC:MR.

By arrows are indicated the wavelength positions used
for the gratings recording and diffraction efficiencies
measurement. Addition of methyl red provided necessary
increase of absorption (curve 3 Fig.1) and sensitivity on
the recording wavelength (473 nm), with high
transmittance on the reading wavelength (650 nm).

Films thickness was measured using atomic-force
microscopy and interference microscope MII-4. Optic
Meter program was used for processing of the obtained
photographed interference patterns. Thicknesses of films
were within 1-3 um. Atomic Force Microscope (AFM)
was used for study of surface relief and morphology of the
recorded gratings. Magnetic Force Microscope (MFM)
was used for study of magnetic relief of obtained
structures.

Holographic gratings (1-D and 2-D) were recorded by
standard two laser beams setup with the use of (Fig. 2)
linearly p-polarized beams of DPSS laser (I=1700
mW/cm? and A=473 nm). Intensity ratio of beams
consisted 1:1, spatial frequency - 170 lines/mm (period ~
6.0 um). Dependence on recording light polarization of the
grating relief formation processes was shown in previous
works [2, 6]. In present work p-p- configuration of
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polarized light was used. Simultaneously with grating
formation in-situ diffraction efficiency 1 measurements
were carried out in order to obtain n dependence on time
of recording.
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Fig.2.Experimental setup for gratings recording: LD,
DPSS and PD are light emitting diode, laser, and
registering unit, respectively, BS- beamsplitter, M — flat
mirrors, SF and L - collimator, S — sample (registering
media).

Dependence of the grating formation on exposure
time was measured by detecting the intensity of first-order
diffraction beam (in transmission) using normally incident
light of laser diode (650 nm). Intensities ratio of the first
order diffracted beam and the transmitted out of the
grating beam was taken as diffraction efficiency value 1.

I1. Results and Discussion

AFM image of the directly recorded holographic

diffraction grating (without selective etching) with the use
of PEPC:MR films is shown in Fig.3. Relief heights of the
recorded gratings were within 0.3-1.2 pum, that gives relief
modulation depth h/d ~ 0.05 — 0.2 (h — relief height, d —
grating period — 6 um). Images of gratings in Fig.3-5 show
that holographic surface relief gratings with relatively
large thickness modulation could be obtained by direct
one-step holographic recording without any subsequent
processing steps using PEPC layers as recording media.
It is also necessary to note that p-p polarization
configuration allows to achieve surface relief grating with
the largest amplitude up to 50% of original film thickness.
In photosensitive azopolymer materials vectorial mass
transport during formation of photoinduced surface
pattern is known to depend on the excitation wavelength,
distribution of intensities and light polarization [1, 6].
Very interesting results were obtained in MFM
microscopy studies of the obtained gratings. Amorphous
chalcogenides and various photosensitive polymers being
non-crystalline materials can be easily doped [16, 19, 21,
22]. Introduced admixtures change physical and chemical
(magnetic, optical luminescent, etc.) properties of
substances [21]. Such changes enabled to provide direct
simultaneous recording of surface and magnetic relief
with the use of such substances [23]. Fig. 4 — 5 show that
similar result can be obtained with the use of PEPC:MR
films with Fe>SO4 particles. MFM and AFM images (Fig.4
and 5) show correlation between grating surface relief and
distribution and value of magnetic field.
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Fig.3. AMF image of fabricated grating (d~ 6 um) obtained with the use of PEPC:MR films: a — 2-D image, b-3-D
image, ¢ — grating profile.
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Fig. 4.AFM image of gratings surface relief and MFM image map (overlapped, colour image, right scale bar) of
grating fabricated using PEPC:MR films with Fe,SO4 particles [24].
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Fig.5. AFM and MFM profiles of grating (shown in Fig.4) directly recorded with the use of PEPC:MR films with
Fe2SO,4 particles.
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Nanoparticles  redistribution in  photopolymer
nanoparticle-dispersed matrix as a result of light exposure
observed in [25, 26] may also be mechanism of the
magnetic relief formation in layers of PEPC:MR with
Fe,SO4 particles. Direct magnetic relief recording
simultaneously with the recording of surface relief by
interference pattern using PEPC:MR with Fe;SO,
particles as recording media provide possibility for
magnetic memory applications and fabrication of optical
elements with combination of unique properties.

Conclusions

fabrication of high quality optical elements with unique
properties using changes of films properties after doping
and laser irradiation (changes in absorption, transmission,
reflection, in thickness, in magnetic and other physical
properties) and for information recording.
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Holographic grating recording by a direct, one-step
process (recording wavelength 473 nm) using
polyepoxypropylcarbazole (PEPC): methyl red layers
with magnetic particles Fe;SO, was shown in this work.
Diffraction efficiency values in transmission of the
fabricated gratings were ~ 34%. Simultaneous surface and
magnetic relief recording using as recording media
polyepoxypropylcarbazole (PEPC) layers: methyl red
with Fe2SO, magnetic particles was shown. Obtained
results have shown that PEPC films can be used for the
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B. Botnapi!, A. Kopuosuii!, M. ITonosuu’

IIpsime ¢popMyBaHHSI MATHITHOTO TA MOBEPXHEBOI0 peJibey HA OCHOBI
Kap0a30J1BMiCHOT0a30Mo0JiMepy

Ynemumym ¢hisuxu nanienpoeionuxis in. B.€. Jlawxapvosa, HAH Ypainu, Kuis, Ykpaina, paiuk@ua.fm
21Hcmumym npuxnaonoi ¢izuxu, Kuwunie, Monodosa

Y  pobori  mpencraBieHO  pe3yNbTaTH  JOCHIIKEHHS  InapiB  Kap0a30JBMiCHMXa30MOJIMeEpiB
(TToTieOKCHITPOTIiIKAp6a30J1: METUIIOBHIA YePBOHMH 3 MarHiTHOIO qoMitikoro Fe2SO4) ms crBopenns 1-D ta 2-D
HOBEPXHEBO peNbeHHUX PelIiToK. [IpoigrocTpoBaHO rapHy SIKICTh OTPUMAHHMX CTPYKTYpP Ha OCHOBI Pe3yNbTaTiB
JociipkeHb Mopdororii moBepxHi 3 BukopuctanHsiM ACM ta MCM. 3a 1omoMoror CHHBOTO Ja3epa B Hporeci
roJjorpadiyHOro 3amHuCy OTPUMAHO TOBEPXHEBO peNbe(pHI PEemIiTKH 3 BUCOTOK mpodimo pemsedy mo 1,2 pm.
Pa3oM 3 yTBOPEHHSM MOBEPXHEBO pelbeGHOT rpaTKH MOKa3aHo NpsiMe HOpMyBaHHS MAarHITHOTO pelbedy PEIIiTKH.
ITpoeMOHCTPOBAHO MOKIIMBICTH OZHOYACHOTO MPSIMOTO (JOPMYBaHHSI TOBEPXHEBOIO Ta MATHITHOIO penbedy npu
ONTHYHOMY 3aIUCi PEIIiTOK Ha TOHKHX IUTIBKAaX a30IoiMepy.

KirouoBi ciioBa: asomoniMep, MOJi€NOKCHIIPOITIKApOa30a, METHIOBUH YEpBOHMH, TOHKI ILTiBKH,
rosorpadidHi peuriTKy, IPsIMUIL 3aMuC, ITIOBEPXHEBHUH 1 MarHITHUIT penbed.
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