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Abstract. In this work we study the dependence of the photoinduced birefringence on the initial
temperature of the layer, as well as the possibility of recording and termal erasure in thin azopolymer
films. To determine the temperature dependence, the sample is placed on a hot stage, which can maintain
or vary the temperature of the sample with a high precision. Birefringence is induced with a linearly
polarized light from a laser at 442 nm, and its value is determined by measuring the Stokes parameters
of a probe laser beam after the sample. The birefringence is erasured by placing the sample on a hot
stage.
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1. INTRODUCTION
Azopolymers are one of the most widely
studied materials for polarization holographic
recording (Nikolova and Ramanujam, 2009;
Wang, 2017) because of the possibility to
induce birefringence in them that reaches high
values. There is also a wide variety of azopolymer structures (Natansohn and Rochon, 2002).
Research on azomaterials can be traced back to
1984 when the group of T. Todorov found that
they are suitable for recording high efficiency
diffraction gratings (Todorov et al, 1984).
Azopolymers find application in all-optical
switching, optical communications, optical
storage and diffractive optical elements
(Natansohn et al, 1992; Nedelchev et al, 2003;
Hvilsted et al, 1995; Ryabchun et al, 2014).
The recording of the polarization state of
light is due to trans-cis-trans photoisomerization and reorientation of azo-chromophore under the action of linearly polarized light. Thus,
optical anisotropy is induced. The azopolymers
can recover their initial isotropic form by
heating or by irradiating with circularly
polarized light.
*

Temperature has the greatest impact on the
physical properties of the polymers when it is
close to the corresponding glass-transition
temperature. Most often, the birefringence is
erased by heating the polymer to Tg , but there
are also known cases when it is necessary to
heat up much above glass-transition temperature (Ferreira et al, 2012; Ivanov et al, 2005;
Nedelchev et al, 2016; Nazarova et al, 2016;
Wu et al, 1998; Zebger et al, 2002).
In this paper, we study the dependence of the
photoinduced birefringence on the initial temperature of the layer, as well as the possibility
of multiple cycles of recording and termal
erasure in thin azopolymer film.
2. MATERIALS AND METHODS
The amorphous azocopolymer P1−2 that we
study, is synthesized in the Institute of Optical
Materials and Technologies and its synthesis
has been described earlier (Martinez-Ponce et
al, 2004). Chemical structure of P1−2 is presented in Fig. 1 a). To prepare the experimental
sample, the polymer is dissolved in 1,2-dichloroethane, then dropped onto glass substrates
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and spin-coated at 1500 rpm. Absorption spectra were measured with a spectrophotometer
Cary 5E-UV-VIS (Fig. 1a). The thickness was
measured with a Talystep profilometer Taylor
Hobson (Fig. 1b) and is d = 700 nm.

To investigate the thermal erasure of the
birefringence in the azopolymer, the sample is
placed on a THMS 600 (Linkam Scientific),
which can accurately maintain or vary the
sample temperature at a set heating or cooling
rate.

Fig. 2 Optical setup: 1 – DPSS probe laser (635 nm,
P < 2mW), 2 – He-Cd pump laser (442 nm, P = 105
mW), 3 – polarizer oriented at 45°, 4 – vertical
polarizer, 5 – beam expander, 6 – azopolymer sample, 7 – hot stage, 8 – Thorlabs polarimeter, 9 – computer.

3. RESULTS AND DISCUSSION

Fig. 1 (a) Chemical structure of azocopolymer P1−2 ,
(b) thickness measurement profile.

Birefringence is induced in the sample by a
vertically polarized beam from pump laser with
wavelength pump = 442 nm as shown in Fig. 2.
The probe laser beam with probe = 635 nm
passes through a polarizer oriented at 45° and
through the sample in the area irradiated by the
pump laser. The value of birefringence is determined by measuring the Stokes parameters S 2
and S 3 of the probe laser beam by a polarimeter
PAX5710 Polarization Analyzing System,
Thorlabs (Berberova et al, 2016):

n =

 probe
S 
arctan 3 
2d
 S2 

(1)

The important parameters of each photoanisotropic media are the maximum value of the
photoinduced birefringence nmax , the response time τ needed to reach 80% of nmax , as well
as parameter r , which reflects the optical
storage properties of the material and defined as
ratio of the birefringence nrel retained after the
relaxation to the maximal value of the
photoinduced birefringence nmax (Nedelchev
et al, 2003).
The birefringence recording/reading/ erasure experiment consists of the following stages
(Fig. 3):
First, the temperature of the sample is
elevated to the desired value. Then, background
is measured for 60 seconds to reduce the
experimental error, after which the pump laser
is turned on and birefringence is induced. At
this stage, nmax and τ can be determined. Upon
reaching saturation, the pump radiation is
turned off and a relaxation process is observed,
with the parameter r being determined from the
-4-
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0.06

curve obtained. Finally, the residual briefringence is erased by heating at rate 5°C/min from
the starting temperature. The probe laser
radiation is on throughout the entire experiment.
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Fig. 4 Dependence of the maximal value of the
birefringence nmax and response time τ for the P1−2
on the starting temperature.
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Subjecting P1−2 to recording and thermal
erasure, we can establish the maximum value of
the birefringence is retained after two cycles
(Fig. 3). The temperature of the film is 30 °C
when starting a birefringence recording in each
cycle, the heating rate is 10 °C/min, and complete erasure occurs at 90 °C.
Fig. 4 and Fig. 5 show the dependence of
nmax , τ and r on the starting temperature of the
sample P1−2 . The highest value of the birefringence is achieved when the sample is at room
temperature – 25 °C, but birefringence may still
be induced at 100 °C.
The media is also most stable at 25 °C, but
on the other hand, the response is faster at
higher temperatures. These results make it
possible to select the most suitable parameters
of the azomaterial based on its application.
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Fig. 3 Experimental steps and two cycles of recording and thermal erasure of birefringence for the
P1−2 azocopolymer.
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Fig. 5 Dependence of the parameter r for the P1−2 on
the starting temperature.

4. CONCLUSIONS
In this work, we studied the dependencies of
the maximal photoinduced birefringence nmax ,
response time τ and the stability parameter r of
the thin azopolymer film from the different
starting temperatures of the sample, as well as
the possibility of thermal erasure of the
birefringence.
Our results show that the different starting
temperatures influence the parameters of the
sample in a different way: for example, at 60 °C
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nmax is 70 % of nmax at 25 °C, but the τ
decreases four times.
In addition, anisotropy in a sample can easily
be erased thermally, after which the polymer
can be successfully used for several recording
and erasure cycles.
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