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Polarization holographic graüngs in azopolymers for detecting and producing circularly polarized light. 
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ABSTRACT 

Polarization holographic gratings were inscribed in azobenzene side chain polymer Films. The polarization 
»ratings were produced usine two orthogonally circularly polarized beams and the resulting stable transmission gratings 
were studied using a low power HcNe laser. The gratinss were observed to efficiently separate left and right circularly 
polarized light from the probe beam and two generate two elliptically polarized beams in the first order diffraction 

direction. 

2. INTRODUCTION 

The availability of materials in which optical arusotropv can be photoinduced has led to a number of interesting 
ctudies on die recording of polarization holograms1 ?. These are made by the interference of two beams recorded in die 
mnenal where die interference pattern is not a variation of intensity but rather a variation in the polarization state of the 
resultant wave in die material. The local polarization of die light is then recorded in an optically anisotropic material. In the 
present paper we consider the case when the holographic recording beams are of equal intensity and are orthogonally 
circularly polarized. One of die interesting properties of the holographic grating produced by these two beams is that it 
diffracts'die left (LCP) and right-hand (RCP) circularly polarized light from a probe beam into two separate directions . 
Tliis can dien lead to a simple device that could measure the total polarization state of an input beam over a wide 
u-nelenodi ran*e The dieorv also predict that this craung could be used to produce circularly polarized light of selected 
handedness again over a wide wave lengdi range. In the present study we consider the production of these holographic 

«ratings in azobenzene side chain polymers 

Azobenzene side chain polymers have been shown to have large, stable birefringence can be optically induced 
usin« moderate power argon lasers and short exposure times* The recording medium is a thin film ( ca. 400 nm duck) 
which is made bv spin coating the polvmer which is dissolved in tetrahydrofuran onto a glass substrate. The azobenzene 
molecules are intrinsically anisotropic but thev are initially deposited in random directions making die film amorphous and 
Isotropie The molecules can be made to change shape and direction by the process of photoisomenzation. Upon exposure 
to lmearlv polarized light the molecules tend to re-align in a direction that is perpendicular to the polarization direction. 
This results in a local optical arusotropv that can be detected using a probe which does not cause photoisomenzation but 
which is still sensitive to die local birefringence. The optically induced birefringence in side chain azopolymers is stable 
over extended periods ( years) . therefore die holographic graüngs can be components of a polarization measurement 

system as long as the films are protected against erasure. 



3.EXPERIMENT 

The holographic polarization grating was produced by the superposition of two orthogonal circularly polarized 

beams as illustrated below: 

probe So 

S+i 

film 
FIGURE 1: Optical set-up 

The wrilin« beams 1 and 2. are from a 50 inW/cnr Argon laser at 488 nm and the probe beam is trom a 10 pW 
HeNe laser at 63? S ran. The film was a s.de chain azopolymer* . pDRlM. which was cast onto a glass substrate. The 
writing beams are orthogonally circularly polarized to produce the following polarization patterns on the film. 

2-LCP       1-RCP 

Aj^ ,^i nr§^ .«?.?! 
12T '/-   \i/ 

A 

****&$ 

RCP        1-LCP 

/N ILa ^ =£- 
A 

^ 
^-^ ^5^, is & 

FIGURE 2 : Polarization gratings 

We note that Ute first pattern is a rotation of the first pattern about the x-axis or z-axis( out of the paper) .The 
anale between the writuw beams was adjusted to give a grating spacing of about 6 micrometers. The polarization graues 
wet produced bv       ing for 100 seconds, whichls enough time for the optically induced birefringence to reach saturation 
l^t^L birefringence was Uten allowed to relax in die da* for 500 seconds to reach the more ^^^te™ 
birefringence levels of An= 0.06. The probe beam was then used to obtain the diffraction characteristics of the gratings_ The 
prob^beam portion state was varied using a quarter wave plate and die polarization could be continuously varied from 

left circular to linear to right circular. 



4. RESULTS AND DISCUSSION 

The polarization grating can be described by the following transmission Jone 's matrix 
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Where A, IS the average phase delay through the film. Aa> = "d-An/A. is die anisotropic phase delay due to the birefringence. 
and 6 = 2-x/A is the phase delav along die grating with spacing A. In the above equation trie first term in die brackets is the 
dircctlv transmitted beam, the second term is the beam in die +1 order of diffraction and the third term is the beam in die -1 

would only order of diffraction. One can readily sec that in die above case a right circularly polarised beam of light. 
L- 

be diffracted into die -1 order and that die resultant beam would be left circularly polarised. We have investigated dus 
anisotropic diffraction property of the polarization gratings for circularly polarized light and die results are summarised in 
the following table which gives the direction and polarization state of the diffracted beams. 

TABLE1: Diffraction of a circularly polarized probe beam 

BEAM 1 

Probe 

S-, 

S.i 

RCP 

RCP LCP 

RCP 

LCP 

LCP 

RCP LCP 

LCP 

RCP 

The results are in agreement with die above theoretical predictions. For example when Beam 1 of the writing beam 
is RCP and the probe beam Is RCP dien we observe that the diffracted beam occurs mostly in die -1 direction and die is it 
polarized LCP. The beam in the +1 direction is less dian 2% ofthat in the -1 direction. When the probe beam is LCP dien 
the light is diffracted into the +1 direction and is RCP. Also as indicated in die table, when the writing geometry or the 
sample geometry are inverted then the diffraction of the polarized beams is also affected. 



i >u<* „rAk» t^m Hop«: not over write the inscribed information. The 
The holographic grating is stable as ^"^.^.^"^^rjLn In figure 3 we present the results 

linearly polarized test beam was constant and rotating a quarter-wave plate vancd the polanzauon state. 
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FIGURE 3: Polarizauon detection of a lest beam 
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those chromophores during die process of photoinduced birefnngence. 
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