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Low Threshold Self-Pumped Phase Conjugation 
of an AT+-Laser Beam in Dye-Doped Nematic 
Liquid Crystals 

P. MEINDL', R. MACDONALD', H. J. EICHLER', AND O.L. A N T I P O ~  
1: Optisches lnstitut - TU Bedin - StraRe des 17. Juni 135,0-10623 Bedin, Germany 
2: Inst. of Appl. phys., Russian Aced. of Science, 803600, Nizhni Novgorod, Uuanov Street, 46 

Abstract. Investigations of self-pumped phase conjugation (SPPC) of a low power cw-laser using a dye- 
doped nematic liquid crystal are reported. The phase conjugated signal was generated by stimulated 
thermal scattering. Threshold power for phase conjugation at a wavelength of 514.5 nm was about 10 
mW and maximum power-reflectivities up to 6 'YO have been obtained. The ability to compensate phase 
aberrations caused by an etched glass plate has been demonstrated. 
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1. Introduction 

Since the phenomen of optical phase conjugation was discovered by Zel'dovich et al. 

in 1972 researchers have tried to obtain phase conjugated beams with different nonlinear 

media and various techniques for many applications3. Phase conjugation could be 

realized for example by stimulated Brillouin ~cattering'.~ (SBS) or degenerate four wave 

mixing6J*8s9. In contrast to the SBS-effect which is characterized by a high threshold 

power in the range of about5 10 kW it was shown" that self-pumped phase conjugation 

(SPPC) in liquid crystals can be realized by wave mixing effects with threshold powers 

less than 1 W. 

Several authors report on SPPC in liquid crystals based on thermal and orientational 

scattering pr~cesses~'*'"'~~'' . An experimental setup comprising two pump-beams that 

have nearly opposit direction with an external loop arrangement has been used 

successhlly". However, the use of several external mirrors in that arrangement leads to 

a high1 SPPC-threshold of about 200 mW due to losses at the mirrors and surfaces. The 
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aim of our investigations was to avoid a complicated external optical arrangement in 

order to reduce threshold and improve the performance of self-pumped phase 

conjugation in liquid crystals. 

2. Experimental Setup 

The experimental setup is shown in Fig. 1. The linear polarized beam of a continuous 

wave Argonion-laser at 5 14.5 nm wavelength was mechanically chopped with pulse 

durations between 0.5 ms and 5 ms and duty cycles of 1:30. The PC-experiment was 

insulated from the laser-source by using a Faraday-rotator in order to eliminate 

instabilities caused by feedback into the resonator. The beam passed a wedged glass in 

order to measure the intensity of the incident and the phase conjugated beam with 

calibrated photodiodes. A diaphragm eliminated the linearly backward reflected part of 

the laser beam. Lenses of different focal length (75 mm to 200 mm) were used to focus 

the beam into the the liquid crystal cell. The diameter of the gaussian laser beam inside 

the LC-cell was estimated to range around 0.1 mm. 

Homogeneous planar orientation in the liquid crystal film of 1 mm thickness was 

obtained with an electric field perpendicular to the wave vector of the pump beam. An 

50 Hz ac-voltage of 600 V was conducted across two brass-electrodes which were 

posed in a distance of 5 mm. The rear window of the container was coated with a 

dielectric high reflecting mirror and the front plate was coated with an antireflection 

layer. The 5CB-liquid crystal was doped with a dichroic dye @37 from Merck) in order 

to increase the absorption of the nonlinear medium. The absorption coefficient at the 

used wavelength was determined to range around 50 cm-'. 

pump-beam 

I 

PC-berm 

Fig. 1: Experimental setup for self-pumped pbase conjugation 
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SELF-PUMPED PHASE CONJUGATION IN NEMATIC LIQUID CRYSTAL 43 1 

The principles of phase conjugation in the investigated setup are shown in Fig. 2. The 

incident pump beam and the reflected beam are coherently scattered into different spatial 

components by statistical thermal fluctuations of the optical nonlinear material. The 

coherently scattered noise is able to interact with the pump beams to create several 

gratings inside of the liquid crystal. However, for a given angle of incidence only distinct 

components of the scattered noise that are conform to the wave-vector condition shown 

in the lower sketch of Fig. 2 are able to share a common thermal grating. In contrast to 

other scattered beams these particular components obtain gain by the wave mixing 

process. As a result, the scattered noise is amplified into a strong coherent signal, the 

PC-beam. A more detailed description of the mechanism of the phase conjugation 

process is given e.g. in ref. 12. 

NLCtell 
planar 

Fig. 2: Schematic representation and wave-vector condition for phase conjugation 

3. Results 

The phase conjugated beam was observed in the far field at 5 m distance from the LC- 
cell CFig. 3). The PC-beam generation was observed both for a gaussian pump beam and 

for a phase disturbed pump beam. The PC-beam in the undistorted case shows a good 

beam quality that is comparabel to the gaussian pump beam. The phase conjugating 

effect was also sufficient to compensate strong phase distortions which were maintained 
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432 P. MEINDL et al. 

Fig. 3:Photograph of the PC-beam for a gaussian pump beam (a) and a phase disturbed 
pump beam (b); (c) the phase disturbed pump beam without phase conjugation 

by an edged glass plate. However, the compensation was not complete what was obvious 

by some scattered noise underlying the PC-signal. The dynamics of the PC-process are 

shown in Fig. 4. There is a strong correlation between the power of the pump beam and 

the so called onset time (see also ref. 11). The onset time of the PC-signal decreases with 

increasing pump power. The PC-signal exhibits a strong maximum and decreases later 

until a certain stationary value is obtained. To understand the dynamics of the PC-signal 

one has to consider that there is no energy transfer between the pump and PC-beam in 

the stationary case for nonlinear media with local response, which is usually the case with 

thermal nonlinearities in liquid  crystal^'^*'^. Energy transfer is observed, however, in the 

case of pulsed exitation with materials in which the build-up time of the refiactive-index 

change is comparable to the pulse-widthI5. The peak maximum of the signal may 

attributed to these dynamic effects. The remaining stationary part of the PC-signal can be 

explained, if a small Frequency shift between pump and the PC-wave starting from 

Rayleigh-wing scattering16 is assumed, which leads to a moving index grating and energy 
transfer”. The onset time also decreases with higher temperatures of the liquid crystal 

medium due to an increase of the thermal optical nonlinear coefficientI2 near the 

transition into the isotropic phase. However, the PC-effect is limited for high pump 

powers by heating the liquid crystal up to the isotropic phase where the PC-effect 

vanishes. 
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Fig. 4: Dynamic of the SPPC-Signal for different pump-powers 

The usehl range of pump powers for different temperatures is shown in Fig. 5 .  The 

minimum threshold (less than 10 mW) was achieved with a temperature near the 

transition temperature which was 35°C in the case of 5CB. However, the maximum peak 

power reflectivity for the phase conjugated signal always was in the range between 5 and 

6 % and did not depend strongly on the temperature which is shown in Fig. 6. 
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Fig. %Dependence of the useable range of pump-power for SPPC from the LC-temperature 
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434 P. MEINDL er al. 

Fig. 6:Peak power reflectivities for different LC-temperatures 

4. Summary 

Low-threshold SPPC of visible radiation using a nematic liquid crystal-cell with a high 

reflecting rear window has been investigated. The minimum threshold power achieved in 

our experiments was less than lOmW and is by an order of magnitude lower than the 

threshold for the PC-wave generation using an external feedback loop". Dynamics of the 

phase conjugated signal have been investigated for different intensities and the influence 

of temperature on peak reflectivity and threshold was shown. The investigated phase 

conjugation process was sufficient to compensate strong phase aberrations. Further 

experiments will be done to investigate the fidelity of the self-pumped phase conjugation. 

Financial support From the Deutsche Forschungsgemeinschafl via the 

Sonderforschungsbereich 33 5 ,,Anisotrope Fluide" is gratehlly acknowledged. 
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