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Multiple cycles of recording/reading/erasing birefringence in azopolymers
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In this work we investigate the characteristics of reversible polarization recording in an azopolymer. Polarized light
from DPSS laser with wavelength 444 nm is used for recording photoinduced birefringence. Afterwards, two methods
for its erasure are used: heating the polymer to certain temperature or illumination with circularly polarized light.
Multiple cycles of recording and erasure are successfully realized with both methods, which allows us to compare and
outline the advantages of each of them. The photoinduced birefringence is calculated from the Stocks parameters,

monitored in real time, during the entire experiment.
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INTRODUCTION

In contrast to conventional optical data storage
(CD/DVD/Blu-ray technologies), where recording
is in one plane (2D), holographic data storage
allows to address the entire volume of the media
(3D) and to achieve much higher density of
information [1, 2]. Polarization holography makes
possible to increase the information density even
further by registering also the polarization state of
the recording light and realizing polarization
multiplexing [3-5].

Since 1984, when Todorov et al. [6] discovered
the possibility to inscribe high-efficient polarization
holograms in azobenzene-containing materials,
these materials are subject of intensive research for
numerous application, including holographic data
storage [7, 12]. Essential parameters for each data
storage media are the stability of the recorded
information, as well as its reversibility i.e. the
ability of the media to ensure multiple cycles of
recording, non-destructive reading and erasure of
information.

Here we present a study of the reversibility
properties of birefringence in amorphous azo
polymer. The value of the photoinduced linear
birefringence An is defined as the difference
between the component of the refractive index
perpendicular to the polarization of the recording

beam and the component parallel to it -
An=n, —n,. It is known that on illumination

with linearly polarized light within the absorbance
band of the photochromic azo groups, they undergo
cycles of trans-cis-trans isomerizations and tend to
reorient perpendicularly to the polarization
direction of light [3, 6]. As a result, birefringence is
induced in the material at a macroscopic level. On
the other hand, when the azopolymer film is
illuminated with circularly polarized light, no
preferential direction exists, so the molecules
orientation becomes random again, and the
birefringence is erased.

We apply two methods of erasure in this study —
optical and thermal. Both methods are compared in
terms of speed of erasure and anisotropy values
retention during multiple write/read/erase cycles.

EXPERIMENTAL
Materials

The polymer used in this experiment is side-
chain amorphous azocopolymer, denoted as Pi-,
synthesized earlier in the Institute of Optical
Materials and Technologies [13]. The azopolymer
chemical structure and spectrum of absorbance are
shown in Fig. 1. Its molecular weight is My, = 3600
g/mol and glass transition temperature is
Ty =102 °C [14].
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Fig. 1. (a) Chemical structure of the azocopolymer P1.,;
(b) Spectrum of absorbance of P1,.

Methods of characterization

The preparation of the polymer films includes
dissolving of the Pi» copolymer in
1,2-dichloroethane and spin coating the solution at
1500 rpm on glass substrates. As a result, thin
homogeneous films are formed. The thickness of
the films is measured by a Talystep profilometer
(Taylor Hobson) and for the samples used in this
work is d = 700 nm.

To record and probe the photoinduced
birefringence, two diode-pumped solid state lasers
(DPSSL) are used: recording laser with Aec =
444 nm, power 35 mW, and reading (referred also
as probe) laser with Apone = 635 nm and power
below 2 mW. As it can be seen in Fig. 2, the
reading laser beam passes through polarizer,
oriented at 45°, while the recording beam passes
through vertical polarizer. After passing through the
azopolymer sample, the reading beam enters a
polarimeter (PAX5710 Polarization Analyzing
System, Thorlabs), which monitors the Stokes
parameters of light in real time.
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Fig. 2. Experimental setup : 1 — reading laser (635 nm,
P <2mW), 2 —recording laser (444 nm, P =35 mW), 3 —
polarizer oriented at 45°, 4* — vertical polarizer/QWP,
5 — azopolymer sample, 6* — hot stage, 7 — Thorlabs
polarimeter. (* denotes an element, which is replaceable,
depending on the erasing method used).

In this case the birefringence can be calculated
from the expression:

A S
= &bearctan _3
27d

S,

where d is the film thickness, and S, and Ss are
Stokes parameters [10, 15].

An )

RESULTS AND DISCUSSIONS

Fig. 2 is a representation of the experimental
setup for both deleting methods. The reading laser
is on throughout the entire experiment. Initially, 60
seconds of background signal is measured, without
illumination with the recording laser. During the
data processing, these background values are
subtracted from the measured data. Then we start
the illumination with the recording laser until the
photoinduced birefringence reaches saturation —
Anmax. Using Eq. (1), the time dependence of the
birefringence can be determined.

Optical erasure

During the recording, the light from the laser at
444 nm passes through a vertical polarizer, while
for the erasure it is replaced by quarter wave plate
(QWP), which converts the linearly polarized light
in circularly polarized (CP). CP light with the same
wavelength as the recording one, randomizes the
orientation of the azochromophores which leads to
erasure of the birefringence.

The processes of recording and deleting in the
azopolymer film had been repeated 10 times, all in
the same place of the sample. The results are shown
in Fig. 3. The recording time for each cycle is 4
minutes, then the recording laser is stopped and
only the reading beam is on for another 4 minutes
to determine the stability on reading. After that,
starts the illumination with circularly polarized
light at 444 nm for another 4 minutes.
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Fig. 3. (a) Ten cycles of inducing and optically deleting
linear birefringence; (b) Zoom on the first cycle. The
symbols indicate the state of polarization of the laser

with A = 444 nm.

As can be seen from Fig. 3, this polymer can be
successfully used for multiple cycles of recording
and deleting of linear birefringence. The response
of the polymer to different polarizations is fast and
relatively high values of birefringence have been
achieved. However, we should note, that after each
cycle the maximum value of birefringence is
reduced. This phenomena could be explained with
the reorientation of part of the chromophores
perpendicular to the film surface [9]. Hence, these
molecules do not contribute to the formation of
birefringence.

Thermal erasure

To study the thermal erasure, the sample was
mounted on a hot stage THMS600 (Linkam
Scientific), which can maintain or vary sample
temperature at a given speed, with high precision.
The recording and relaxation time in this
experiment were set to 2 minutes. After that time,
starts the heating process with rate 10°C/min. The
starting temperature for the measurement was 30°C.
The heating continues until temperature of 90°C is
reached, which leads to erasure of the photoinduced

birefringence, as shown in Fig.4. Then the
temperature is decreased back to 30°C for the next
cycle of recording/reading/erasure. It is important
to notice, that in this case no decrease of the
maximal value of birefringence in the consecutive
cycles is observed.
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Fig. 4. (a) Five cycles of inducing and thermally deleting
linear birefringence; (b) Zoom on the first cycle. The
arrow indicates the polarization state of the pump laser.

CONCLUSIONS

We have demonstrated experimentally the
possibility for multiple cycles of recording, reading
and thermal or optical erasure of photoinduced
birefringence in the azocopolymer P1., synthesized
in IOMT. Reversible recording with linearly
polarized light and erasure with circularly polarized
light at the same wavelength is realized, in contrast
to other methods where a separate UV laser is used
for the erasure [9]. The processes can be repeated
many times only with slight decrease of the
amplitude — less than 5% for 10 cycles. A possible
reason for this behaviour can be the fact that some
molecules reorient perpendicularly to the plane of
the circularly polarized light. Being in such position
they cannot be addressed by the linearly polarized
light in the next recording cycle, which results in
decrease of the maximal value of the birefringence
(Anmax), as seen in Fig. 3a. This drawback has been
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(Pesrome)

WscnenBan e mporechkT Ha MHOTOKpPAaTeH OOpaTHUM IOJIIPH3alMOHEH 3alic B a30MONIMMEp. 3a 3alic Ha
(OTOMHIYIIMPAHO IBYTBUYETIPEUYNBaHE € H3MOJ3BaHA IMOJIAPH3MpaHa CBETIMHA OT Jla3ep C OB/DKMHA Ha BBIHATA
444 nm. 3a u3TpUBaHE Ha 3amMca ca W3IMOJI3BAHU JIBA METOJA: 3arpsBaHE Ha MOJUMEPHHUS CJIOH Win 00J'bUBaHE C
KPBroBO MOJsIpU3MpaHa CBETIMHA. YcnemHo ca peam3npaH MHOTOKPATHU MUK Ha 3aITMC U U3TPHUBAHE U UPE3 ABaTa
METOZAa, KOETO HU IO3BOJIABA Aa TM CPAaBHHUM M IOCOYHM NPEUMYIECTBATA HAa BCCKHU OT TAX. (I)OTOI/IHJ]yHI/IpaHOTO
JIBYJIbUETIPEUYIBAHE € W3YUCIIEHO OT mapameTpure Ha CTOKC, KOUTO C€ CIEAST B PealHO BpPEeME M0 BpeMe Ha Lenus
€KCIIEPUMEHT.
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