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Demonstration of Optical
Phase-conjugation in Methyl Green Dye-doped Thin Film
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Abstract: Optical Phase-Conjugation (OPC) has been observédethyl Green (MG) dye sensitized
gelatin films in Degenerate Four-Wave Mixing (DFWBbBnfiguration at 633 nm radiation from a He-Ne
laser of total power 35 mW. The mechanism of Pl@maiugate (PC) wave generation associated with
this dye-doped system was discussed. The dependétioe PC wave generation on the incident angle
between the forward-pump and the probe beams aradf evolution were also studied. A maximum
phase-conjugate beam reflectivity of about 0.13%keen observed in this dye-doped gelatin films.
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INTRODUCTION polymers have been also used as holographic rexprdi
media and permanent optical memdtiés

Over the last three decades, Optical Phase- .
Conjugation (OPC) has been one of the major rekearc In the Eres;a]nt WOI‘k,.DFWM techmq;Jehwas used 0
subjects in the field of Nonlinear Optics (NLO) and generate the phase-conjugate waves of the consauou

. . ) . .~ wave He-Ne laser radiation of 35mW at 633nm. An
guantum electronics. Optical phase-conjugationneefi organic dye (Methyl Green - C. 1.42590) -doped tjela

usually a special relationship between two coherenfn was used as the Nonlinear Medium (NM) in the
optical beams propagating in opposite directioniwi ppEywm geometry.

reversed wavefront and identical transverse angsitu

distributions. The unique feature of a pair of Rhas MATERIALSAND METHODS

Conjugate (PC) beams is that the aberration infleen

imposed on the forward beam (signal) passed through The organic dye used to sensitize the gelatin i§im
an inhomogeneous or a disturbing medium can b#ethyl Green (MG) which belongs to the
automatically removed from the backward beamtriphenylmethan&” groups. All the dyes of this series
(phase-conjugated beam) passed through the samage derived from the hydrocarbon, triphenylmethane,
disturbing medium. Several technical approaches arend the tertiary alcohol, triphenylcarbinol, whiehe
there  to efficiently produce the backward phaseboth colorless. The chromophore of this classhés t
conjugate beam. The first one is based on thguinonoid group. The chemical structure and mokecul
Degenerate Four-Wave Mixing (DFWM) process, theformula of this dye are shown in the Fig. 1. The-U
second one is based on various backward stimulatedsible absorption spectrum of MG dye was studied
scattering processes such as Brillouin, Raman,igtale USing UV-2401 PC Spectrophotometer and it exhibits
wing or Kerr and the third one is based on oneqhot the peak absorbance at 631.5nm as in Fig. 2. Gelati
or multi-photon pumped backward stimulated emissiorf ™S weref prepared Eyl remox!ng |S|Iverbha_l|de from
(Lansing) process. Among these three techniques, th10E75 Agfa Gaevert holographic plates by immersing

: ; . them in sodium thiosulphate solution. The thickesss
backward DFWM plays an Important role in g_eneratmgof the films obtained were of the order of 10 miso
phase-conjugate beam, which is the formation of th

induced holographic grating and the subsequen hese plates were soaked in aqueous solutions of MG

. . ith appropriate dye concentrations for 2 minuteset
wavefront restoration via backward-pump (read) beamd pprop y

: : A . uration and dried at room temperature. The optical
OPC hasa wide range of potential applications in the quality of these dye-doped gelatin films obtainegsw

field of science and technologguch as real-time very good. These films were used for this studyiauit
holography, adaptive optics, and spectral filtefing any further process. The Optical Density (OD) o th
Organic dye-doped solid matrices have been veryye.doped gelatin film chosen for this work was
attractive materials in recent years for the geti@raf approximately 1.
phase-conjugate wav&s!. Dyes having a strong Figure 3 shows the experimental configuration
absorption at the laser wavelengths and a longifife  used to realize the optical phase-conjugation.his t
of their triplet state can generate the phase-gatgy work we used the standard DFWM geometry to
wave at a low laser power. Organic dyes embedded igenerate the phase-conjugate wavefronts.
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Fig. 1: Chemical structure of Methyl green dye [G.

Molecular formula: C;-H3sC1N;
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Fig. 2: The UV-VIS absorption spectra of Methyl gme
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Fig. 3: Experimental set-up for the observationRg
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propagating pump beams &nd B namely forward-
pump and backward-pump respectively and a probe
beam E. The optical path lengths of all the three beams
were made equal, so that they were coherent at the
sample. The spot size of each of these three uséacu
beams at the Nonlinear Medium (NM) was 1.25mm in
diameter. The constant intensity ratio of the prbbam

(E3), forward-pump beam @ and backward-pump
beam (k) used in this work was ~ 1:10:10. The angle
of incidence @) between the probe beam and the
forward-pump beam were varied betweénafd 16.

The sample was exposed simultaneously to all these
three beams. The phase-conjugated wave was saparate
from the probe beam using the beam-splitter BS3 and
was detected with the help of a photo detectorldFie
Master™ GS — Coherent Inc.). The experimental setup
was mounted on a vibration isolation table (Melles
Griot-Metric version) to avoid the destruction difet
laser induced gratings formed in the MG dye-doped
gelatin film due to mechanical disturbances.

RESULTSAND DISCUSSION

In MG dye sensitized gelatin film, the PC waves
originate from two different processes. One of them
due to saturation of absorption while the othedus to
the photo bleaching of the dye molecules at the
excitation wavelength.

Absorption of a photon by MG results in transition
of the MG to the first excited singlet statg (S Sy). If
the singlet-to-triplet crossover is considerables tye
molecules will switch over to the triplet statg {(ST,),
where they will remain for a relatively longer tinas
the triplet-to singlet transition is inhibited, and
consequently, these molecules will not be availddte
further absorption from the ground state. This will
result in a saturation of absorption if the trigié&ttime
is long enough. Thus, in the medium, the absorption
becomes a function of intensity. Therefore, whea th
the two write beams interfere, the intensity patter
modulates the complex refractive index, which ressul
in the formation of a grating. The fringe perig¥l) can
be determined by the well-known formula= A / 2sin
(6 / 2), whereA is the laser wavelength, aad is the
forward-pump and probe beam incident angles with
respect to the normal to the nonlinear medium.

The second process to be considered is the photo
bleaching of the dye molecules at the excitation
wavelength. The existence of photo bleaching can be
inferred from a simple experiment described aofod.

MG dye-doped gelatin film was illuminated with 633
nm radiations at two different incident intensitiesd

wave, S-shutter, BS1, BS2, BS3 — beam splittersthe corresponding transmittance of the sample was
M-mirror, N. M-nonlinear medium, PD-photo measured with respect to time. We observed that the
detector

transmittance of the sample increases from 33% to
40% and 33% to 45% in a time duration of about 30

A He-Ne laser (Coherent, 31-2140-000 — 35mW) beanminutes (Fig. 4) corresponding to the incident tigh

at 633nm was divided into three beams,

two nta
122¢

intensities of 1.5 W/cfand 3 W/crh respectively.
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The observed increase of transmittance confirms the
existence of light-induced bleaching process assedi
with this dye-doped system. For lower intensitiee t
bleaching may be reversible but when higher intessi
are used it may result in complete decompositiodyef
molecules and hence become irreversible.

The phase-conjugate signal measurements were
taken using the experimental setup shown in Fi§.c3.
get maximum reflectivities it is necessary that phebe
and pump beams should overlap exactly in the
nonlinear medium. Figure 5 shows the PC refledtigit
observed in the MG dye film as a function of redogd
angle @) between the forward-pump and the probe
beams in the DFWM geometry. It is known that the
phase-conjugated signal disappears when the angle
between the beams is large endt§hThis is because
of less overlap between probe and pump beams in the
dye film and small grating periddd. The highest

Fig. 4:Measured transmittance of the Methyl Greerphase-conjugate reflectivity (0.13%) was obsentesha
dye-doped gelatin film as a function of time
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Fig. 5: Measured PC reflectivity as a function of

angle of 7.

Figure 6 shows the measured PC signal in the MG
dye-doped gelatin film as a function of recordiimge.
The initial rise to a peak within a few minutedise to
degenerate four-wave mixing and holographic
processes; the sudden drop in the intensity ofR@e
signal after shutting off both the write beamdhd &
indicates the dominant contribution from DFWM
processes. The presence of PC signal even aftende
E; have been shut off is due to the holographic m®ce
which decays rather slowly. A detailed explanatidn
these effects has been reported by Fujiwara and
Nakagaw'.

CONCLUSION

We have observed low-intensity optical phase-

incident angle between the probe and forwardfonjugation (OPC) in Methyl green (MG) dye-doped

pump beams

0.14 4

0.12 4

0.08 1

0.06

Cogignal (mWiom?®)

0.04 4

«—E1 & E3 cutoff

0.02

Time (minutes)

gelatin films using degenerate four-wave mixing
(DFWM) at 633nm light radiating from a He-Ne laser.
The maximum phase-conjugate beam reflectivity
obtained from these dye films was about 0.13%. The
mechanism of PC wave generation associated wigh thi
dye-doped system was discussed. Dependence of PC
wave generation on spatial separation between the
forward-pump and the probe beams and time of
evolution were studied. Since the MG dye-doped
gelatin film was used at 633nm and this may beabiét

for low-power semiconductor lasers in the red
wavelength region; MG dye-doped gelatin film may be
a promising material for real-time double-exposure
phase-conjugate interferometry applications.
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