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Photoinduced birefringence in thin azopolymer films recorded
at different temperatures
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In this work we investigate the dependence of characteristics of polarization recording and erasure in thin
azopolymer films on the starting temperatures of the sample. Polarized light from DPSS laser with wavelength 444 nm
is used for recording of photoinduced birefringence. For erasing the records, thermal method is applied. Birefringence is
successfully recorded at different starting temperatures from 25 to 100°C. 3D graphics for visualization of the
experimental data are presented. Photoinduced birefringence is calculated from real time monitored Stocks parameters
during the entire experiment. This investigation allows us to determine the optimal conditions of recording at elevated
temperatures in order to achieve shortest response time or maximal birefringence.
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INTRODUCTION

In the last few decades material science has a
huge development, and increasingly expanding
borders. Extensive applications and increased
demands for different materials are some of the
reasons for this development. Some of the most
investigated materials for polarization holographic
recording are azobenzene containing polymers
[1-3]. The main feature that defines the widespread
use of these materials is photo-induced optical
anisotropy in them. Investigation of the anisotropy
in azopolymers is of interest to applications in
photonics and optical data storage [4-6], as well as
for fundamental research [7, 8]. Many researchers
[9-15] observed that the physical properties of
azopolymers depend significantly on temperature,
especially near the glass-transition temperature (Ty),
where the mobility of polymer chains increases. In
some cases birefringence is relatively stable below
the azopolymer Tq [9] and is erasable by heating the
polymer to this temperature. However some studies
report that maximum birefringence can be obtained
at temperatures above the Ty [11, 13].

This paper presents experimental data obtained
from real time monitoring of recording and thermal
erasure of birefringence with different starting

* To whom all correspondence should be sent:
E-mail: dimana@iomt.bas.bg

temperatures of the thin film samples. Dependence
of the maximal photoinduced birefringence,
response time and relaxation decrease on the
recording temperature are presented.

EXPERIMENTAL

Materials

The polymer used is side-chain amorphous
azocopolymer, denoted as P12, synthesized in the
Institute of Optical Materials and Technologies, as
described by Martinez-Ponce et al [16].
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Fig. 1. Chemical structure of azocopolymer P1.,.
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Its chemical structure is presented in Fig.1. The
molecular weight of P1 is My, = 3600 g/mol and its
glass transition temperature Tq is 102°C.

Methods of characterization

In this work we use thin films of the
azocopolymer Pi,. It was dissolved in
1,2-dichloroethane and the solution was spin coated
at 1500 rpm on glass substrates making thin
homogeneous film. As the thickness of the film is
important for the determination of photoinduced
birefringence [see Eqg. (1)], we used a Talystep
profilometer (Taylor Hobson) in order to measure
it. The thickness for our samples was 700 nm. The
birefringence is determined by recording the Stokes
parameters of probe laser beam (Aprobe = 635 nNm,
power <2 mW) passing through the samples. The
measurement is performed by PAX5710
Polarization Analyzing System (Thorlabs) and the
birefringence is calculated from the following
expression [3,17]:

A S
__ “"probe 93
An= _Zyzd arCtan[ S ] (1)
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where d is the film thickness, and S, and S; are two
of the four Stokes parameters. Vertically polarized
light from DPSS laser with A = 444 nm and power
43 mW was used for recording.

The temperatures of recording are 25, 40, 50,
60, 70, 80, 90 and 100 °C. At first, we evaluate the
background for 60 seconds. Then we turn on the
recording laser for 300 s, than there are another 300
seconds for relaxation. In these three stages the
temperature is constant. Then starts the heating.
The control of temperature and subsequent thermal
erasure was achieved by mounting the samples on
stage THMS600 (Linkam Scientific), which is
capable of maintaining a given speed of heating
with high precision. We heated the sample with
speed of 10 °C/min until reaching 100 °C. From our
previous investigations, we know that the
temperature for which the birefringence is reduced
by 50% (Tso%) is approximately 75 °C, and the
temperature of complete erasure is 85 °C. For this
reason in the last two experiments (at 90 and 100
°C) the films weren’t heated because their starting
temperature was high enough to erase the
birefringence immediately after the end of
recording. Also their recording and relaxation time
were reduced to 180 and 120 seconds respectively.

RESULTS AND DISCUSSIONS

The experimental curves for starting
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temperatures 40, 50, 60 and 70 °C are shown on
Fig. 2. In these cases the temperature of recording
is below Tsoo.
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Fig. 2. Birefringence values during recording and
thermal erasure. Recording temperatures are: 40°C,
50°C, 60°C, 70°C . The vertical line at 660 seconds

indicates the start of temperature increase.

As seen from Fig. 2, the maximal induced
birefringence is An = 0.045 at starting temperature
40°C and decreases with increasing the starting
temperatures. However, the response time 7, as
defined in Ref. 5, decreases as well, which is a
desirable effect for many applications. Also we
introduce a parameter R [%] as the ratio between
the birefringence after 300 s of relaxation and the
maximal value of the birefringence for the given
recording temperature. It gives us information
about the memory of the material and according to
our results R decreases too. It is interesting that we
observe the same value of Tse — around 75 °C,
though the recording temperature increases. As Tsos
is higher than 70 °C, there is still residual
anisotropy even for the sample with relaxation at 70
°C.

Fig. 3. 3D graph for all starting temperatures.
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Fig. 4. Recording temperature dependences of
(a) the maximal induced birefringence, (b) response
time, and (c) parameter R.

In comparison, for higher starting temperatures
(80, 90 and 100 °C) no residual birefringence after
relaxation is observed. For these experiments we
obtain very fast response, less than 1 second. All
the results are visualized in a 3D Graph on Fig. 3
and summarized in Fig. 4.

As seen from the graphs, even at higher
temperatures we are still able to induce
birefringence while we illuminate the film with the
recording laser.

The birefringence  decrease at  higher
temperatures, as shown in Fig. 4(a), indicates the
possibility to achieve an increase of birefringence at
lower temperatures (below 20°C), which will be

subject to our further studies. Fig. 4(b) shows a
rapid decrease of the response time. At 60 °C the
response is more than 4 times faster, than at room
temperature, namely it drops from 13.5 s at 25°C to
3 s at 60 °C. We should also note on Fig. 4(c) the
significant decrease at 70 °C of the parameter R,
which reflects the memory properties of the
material. It is reduced nearly ten times between 70
°C (R = 57%) and 80 °C (R = 6.5%). This
temperatures are very close to the temperature of
half-erasure Tsoy = 75 °C.

CONCLUSIONS

In conclusion we can summarize that the
parameters of the induced birefringence strongly
depend on the temperature. The maximal
birefringence and the parameter R decrease when
increasing the temperature. On the other hand, the
response time 7 is reduced at higher temperatures
and this gives us the opportunity to choose the
optimal combination of parameters for a given
application. We should also note, that the
temperatures of half- and full erasure (Tso% and
Terase) remain the same for all starting temperatures.
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OOTOMHAYLIMPAHO ABYJIBYEIIPEUYIIBAHE B TBHKHN A30IIOJIMMEPHU CJIIOEBE
3AIIMCAHU ITPU PA3JIMYHU TEMIIEPATYPU
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(Pesrome)

B ta3m pabota ca u3cieqBaHN XapaKTEPUCTUKUTE Ha MOJSPH3ALMOHEH 3allUC M U3TPHBAHE B THHBK a30I0JIMMEPEH
CIIOW B 3aBHCHUMOCTT OT pa3JIMUYHHTE CTapTOBM TeMIlepaTypu Ha obOpasenma. 3a 3ammca Ha (QOTOMHIYLMPAHOTO
JBYJIbUCTIpEUyIBAaHE € M3IIOJ3BaH Jla3ep ¢ IABDKMHA Ha BbiaHaTa 444 nm. M3TpuBaHeTo Ha 3alCHUTE cTaBa 4pes3
3arpsiBaHe Ha oOpasena. YCHENIHO € pealIM3hpaH 3alic Ha JIBYIbUYENpedylBaHe IIPH Pa3InYHU TeMIlepaTypH oT 25 1o
100°C. IpeacraBena e TpumepHa (3D) rpaduka 3a Bu3yanu3anus Ha eKCIIEpUMEHTAIHUTE AJaHHU. DOTOMHAYIIUPAHOTO
JBYJIbUCTIpEUyIBAHE € M34KCIIeHO Ha Oa3ara Ha mapamerpute Ha CTOKC, PErHCTPHpaHU B PEaHO BpEME IPe3 HeIHs
eKCrepuMeHT. ToBa W3cieBaHEe HU IO3BOJSBA Ja OMPEAETNM ONTHMAJHUTE YCIOBHS 3a 3allUC IPU MO-BHCOKHU
TeMIepaTypH C 11eJ Jja TOCTUTHEM Hail-KpaTKO BpeMe Ha OTKJIMK WM MaKCHMAJHO JIBYIbUeHpedyIIBaHe.
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