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All-optical dynamic correction of distorted communication signals using
a photorefractive polymeric hologram
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All-optical real-time dynamic correction of wave front aberrations for image transmission is
demonstrated using a photorefractive polymeric hologram. The material shows video rate response
time with a low power laser. High-fidelity, high-contrast images can be reconstructed when the
oil-filled phase plate generating atmospheric-like wave front aberrations is moved at 0.3 mm/s. The
architecture based on four-wave mixing has potential application in free-space optical
communication, remote sensing, and dynamic tracking. The system offers a cost-effective
alternative to closed-loop adaptive optics systems2@5 American Institute of Physics
[DOI: 10.1063/1.1898432

Laser communication systems are attractive since the;zommunicatior?.O As shown in Fig. 1a), consider two com-
possess higher information bandwidth and security thamunication stations with the objective being to communicate
radio-frequency systems. However, atmospheric turbulencom station 2 to station 1. Station 1 has a light source and a
perturbs phase and cause intensity scintillation on the detececeiver, whereas station 2 has a modulator and a phase con-
tors. The scintillation reduces the information capacity andugate mirror. The communication link can be completed in
increases the bit error rate. Adaptive optics technology cathe following steps: station 1 sends a laser beacon beam to
dynamically correct the spatial aberrations in the transmittedhe vicinity of station 2; when receiving the light from sta-
beam and significantly improve the performafeetypical  tion 1, station 2 encodes the signal to be communicated onto
adaptive optics systemincludes a wave front sensor for the modulator; the encoded beam is redirected to station 1
measurement of the aberrations, an actuator for wave frontsing phase conjugation and detected by the receiver. Al-
correction, and associated control electronics. Implementghough the turbulent atmosphere adds distortion to the beam,
tion of such a system is expensive and complex. Considesstation 1 can always receive the correct signal from station 2.
able research efforts have been devoted to real-time, lowh addition, because of the real-time characteristic of the dy-
cost adaptive optical systems. A simplified system thanhamic phase conjugate mirror, even if both stations are mo-
combines the actuator and the blind optimization algorithrpile, the communication link can still be maintained. In order
has been proposé‘dl’he other approach uses nonlinear opti-to demonstrate dynamic distortion correction for this link, a
cal effects such as phase conjugation and multiple wavéystem shown in Fig. (b)has been designed and imple-
mixing.*~*2 Photorefractive PR) dynamic holographic tech- mented as a preliminary proof-of-principle experiment. Ex-
niques are of interest for laser communication since fastperiments have been done at 633 nm and extension to near
low-cost, and all-optical compensation of wave front distor-IR is stralghtforward US'”Q PR polymers operating near
tion can be achieved without expensive actuators, intensivé «m and 1. 55um."*® As shown in Fig. 1), the beam
computation, and complex subsystems. PR materials consist

of mainly two classes: inorganic crystals and organic poly- Laser .-

mers. Phase conjugatlon in various PR crystals has been ir Beacon " Station 2
vestigated mtenswel‘i/ However, most of the crystals are Station1 | il Lo
sensitive only in the visible region and are difficult to grow (g {oe Modlulated

and polish. In contrast, PR polymers have advantages such ¢ o I =$------ Phase Conjugator
low cost, ease of fabrication tunability, and flexibility of syn- Receﬂ;lr—ﬂ—ll

thesis. They have demonstrated response times in the milli

second rang&’ near 100% diffraction efficiency, high cou-

pling gain coefficients® near-infrared sensitivi 718and are Object Beam Object g:mr Quatetwave | syation 2

an increasingly viable alternative to PR cry§19aln this let-
ter, we present high-quality dynamic correction of
atmospheric-like wave front distortions using a PR polymer ) CCD1
composite.

Various optical systems using PR holograms for real- Corrected
time wave front compensation can be designed for commu- Imeagie
nication links, depending on the target application. Here, we
use a typical system that employs a modulated phase conjt
gate mirror as a remote sensor for free-space
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a ) - - - FIG. 1. (Color online (a) Free-space remote communication liflx} Sche-
Electronic mail: gli@optics.arizona.edu matic diagram of the experiment setup.
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FIG. 2. (Color onling Optical property of the PR ma-
terial. (a) Field dependent steady-state diffraction effi-
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from a He—Ne laser is verticallgs) polarized, spatially fil- of 0.55 W/cnf. The material showed a fast response time
tered, and collimated. The collimated beams are split intdess than 20 ms and an external diffraction efficieifthye
two arms, the object arm and the reference arm. The referatio of the diffracted signal energy to the incident beam
ence beam is directed to the PR polymer film using a reducenergy higher than 60%. The overmodulation diffraction ef-
ing telescope. In the object arm, a Fourier transform lens ificiency occurred at about 60 Y and, hence, in the fol-
introduced and the PR polymer film is placed in the focallowing experiments the external field was fixed to this value.
plane of the lens. The spatial spectrum of the object beam igor a low Ty, PR material, the refractive index modulation
overlapped with the reference beam in the PR polymer and las two contributions. One is the Pockels electro-optic effect,
volume hologram is recorded when an appropriate voltage ithe other is the spatially modulated birefringence due to the
applied to the PR polymer. An aberrator is placed betweemperiodic poling of the nonlinear optical chromophore with
the lens and the PR polymer to intentionally distort the beamthe total poling field being the superposition of the internal
In order to obtain the maximum diffraction efficiency, the PR space-charge field and the external field. The inverse of the
polymer film is aligned in a tilted structure angpapolarized  fast response timét;) of the material reflects the buildup
beam is used to read the hologram. The angle between ttspeed of the internal space-charge field, which consists of
two writing beams is 22° and the normal to the sample ana¢tharge generation, transportation, and trapping. Charge gen-
the bisector of the two writing beams form an angle of 55°. Aeration and transport are quantified in photoconductivjfy
quarter wave plate is utilized to convert thpolarized beam which is defined as
to a p-polarized beam when the beam double passes it. The
reading beam is counterpropagating to the reference beam, dal T
generating a phase conjugate object beam. When the phase- oph=n€u = hy eun, 1)
conjugate object beam passes through the aberrator again, a
corrected image is obtained at station 1. wheren is the density of charge carriersjs the elementary

A PR polymer composite PATPD:DBDC:ECZg¢ chargewu is the mobility, is the charge generation quantum
(49.5:30:20:0.5 wt % was used, containing the charge efficiency,« is the absorption coefficient,is the intensity of
transport polymer PATPD with polyacrylate backbone andthe incident beams is the time constant for transpott,is
the well-known hole-transporting tetraphenyldiaminobiphPlanck’s constant, and is the frequency of the light. The
enyl-type (TPD) pendant group attached through an alkoxyspeed of space-charge field formation is therefore dependent
linker, the nonlinear optical chromophore (I8;N-  on the optical intensity. The intensity dependence of the
di-n-butylaniline-4-y)-1-dicyanomethylidene-2-cyclohexene speed reflects the sensitivity of the material and can be char-
(DBDC), the plasticizer 9-ethylcarbazolECZ), and the sen- acterized by a series of transient measurements at different
sitizer G, The device was fabricated by melting the materialintensity values. Figure (B)is an example of the transient
in between two indium tin oxide-coated glass with 10 response, where the total intensity of the writing beams is
spacers. Samples prepared in this fashion have not undembout 0.86 W/crh In each case, the response time constants
gone degradation in optical quality or material properties bet; (fast response timeandt, (slow response time and the
cause of crystallization even after 18 months at room temfitting parameter m are obtained by fitting the transient re-
perature from the time of assembly. The glass-transitiorsponse of the grating to the sum of two exponentiaEhe
temperaturely of the material was 43 °C. The ability of the speed of the material is measured in termsnuf,. The
chromophores to reorient under the influence of an electriintensity dependent speed of the material is depicted in Fig.
field at room temperature was confirmed using transient el2(c). It is seen that the speed is almost linear in the incident
lipsometry experiments. intensity as predicted by Edl). Video-rate response time

For dynamic aberration correction, two of the most im-can be obtained when the intensity is above 0.5 W?cm
portant performance parameters of the holographic material The performance of our system was first verified without
are response time and diffraction efficiency. Figure 2showsberrators. The reconstructed imadaken with a charge
the properties of the composite PATPD:DBDC:ECZ%;C coupled devicéCCD) camera CCDlhas contrast as high as
measured with a four-wave mixing experiment. The field-that of the transmitted imagéaken with a CCD2 In order
dependent steady-state diffraction efficiency is shown in Figto demonstrate the capability of our system to perform high-

2(a). The twos-polarized writing beams have equal fluencesquality correction of large aberrations, we inserted a glass
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0.3 mm/s. The technique has potential applications in re-
mote sensing, and dynamic tracking. By using phase conju-
gate modulation of the reading beam, it can also be used for
the correction of aberrations encountered in free-space digi-
tal optical communication. Future work will extend the
working wavelength of the system to near-infrared region.
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