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Low power optical phase conjugation in polyvinyl alcohol 
films embedded with saturable dyes is reported. Phase 
conjugate reflectivity achieved is higher than that obtained 
in the case of similar gelatin films. 

Low power optical phase conjugation (OPC) in dyes em
bedded in thin mms has been recently suggested and demon
strated by a few authors. Silberberg and Bar-Josephl have 
used the dyes eosin and erythrosin in gelatin fIlms. FIuores
cein has been studied by Fujiwara and Nakagawa2 in gelatin 
fllms and by Kramer et al.3 in boric acid glass. Few reports 
on the studies of nonlinear optical properties of dyes doped 
in polyvinyl alcohol (PVA) have appeared so far. 

Todorovet al.4 studied the photoinduced anisotropy of 
methyl orange doped in PV A films for transient polarization 
holography. Their results indicate that PVA films can be a 
good matrix for observing nonlinear effects as well. Another 
work on the optical properties of dye doped PV A films has 
been reported by Paschenko et al.5 in which they studied the 
fluorescence characteristics of acridine orange in PV A fIlms. 
To our knowledge, no reports have appeared discussing the 
use of PVA films for OPC applications. 

We have recently investigated the possibility of using 
polymer films embedded with saturable xanthene dyes for 
low power cw OPC. In this Letter. we report our observation 
of OPC in PV A films embedded with the following dyes: 
eosin; erythrosin B; and Rose BengaL We also discuss the 
effects of photochemical damage and washout due to vibra
tions. We found these effects to be very severe. but none of 
the above authors has studied these aspects carefully. 

Of the different dyes which we used, erythrosin B was 
found to give the strongest OPC signals. Films were pre
pared from microacopy grade dyes and commercial grade 
polymers. The polymer was dissolved in warm distilled 
water, and dye was added. poured onto glass slides. and 
allowed to dry slowly. The resulting films had a thickness of 
the order of a few tens of microns and good uniformity. 
Experiments were performed at the 514.5-nm line of the Ar
ion laser and set in the usual counterpropagating geometry 
applied for cw operations.8 No optical isolator was used. 
Homemade aluminum coated mirrors and beam splitters 
were used. The powers of the pump beams differed by 
~20%. The probe beam was ----9% of the stronger pump beam 
and incident at an angle of ..... 10° to the pump beams. Be
cause of ghost images the probe beams as well as the phase 
conjugate (PC) beam showed dark fringes across the beam. 
Therefore. for the sake of detection. the PC beam was al
lowed to fall on a scatterer, and the scattered intensity waa 
monitored using a photomultiplier tube (PMT). For reduc
ing noise. the probe beam was chopped using a mechanical 
chopper. and the PMT signal was monitored using a lock-in 
amplifier. 

Figure 1 shows a comparison of the lock-in amplifier sig
nals from erythrosin B. one in a gelatin mm and the other in a 
PV A film, both recorded in the same setup. Both samples 
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Fig.1. ope signal vs intensity for erythroain B in PVA (e) and 

gelatin (0) films. 
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Fig. 2. Saturable absorption of erythrosin B in a gelatin film. 01 
saturation, transmission increases from 58.8 to 62%only. Tbusti 

unsaturable. 

had an initial transmission of 4.7% at 514.5 nm. whichCGll't 
sponds to an absorption length (aol) of 3.06. The satunID 
intensities of erythrosin B in both matrices were ~. 
to be 0.26 W /cm2• The maximum power which we detaI 
in the PC beam in the case of the PV A films was of the.· 
of 10-7 W (measured directly using a EG&G Gamma_ 
tific model 460 Laser Powermeter), when the probe 0-
power was of 10-2 W. This implies a reflectivity of~. 
Reflectivities obtained from eosin and Rose Bengal 'lllfti 
the same order but a little less than that from erytlminl, 
These values are much less compared to the ref\ediIiiT 
obtained from the boric acid glass films. 3 But boric alii 
films are difficult to prepare and handle when COJIlPI'I. 
with PV A filins. Also PV A films offer better uniform:q 
than the gelatin films prepared in the same way. 

As seen from Fig. 1 PC reflectivity increases with inltr.lii!. 
up to a certain value and then decreases. This is caused_ 
only by the inherent nature of the interaction afI dise_~ 
Abrams and Lind8 but also by the photochemical damI\t 
occurring to the dye molecules.7 These systems do not tt 
have completely as saturable absorbers. There is alWl)!1 

good amount of unsaturable component for absorption 
Fig. 2). and this, along with the various nonradiativepr«a 
es, contribut.es to the damage of the dye molecules. '. 
understand how fast this happens, we studied the df(l! 
the OPC signal in time for various values of in .. 
These are plotted in Fig. 3. It is seen that the decayi:; 
fast when inlensities are high. A working level of in 

1 February 1990 I Vol. 29, No. 4 I APPLIED OPTICS 

246 



I I I 

5~ -

• 
.... 4~ -
~ 
'c 
::J 
.Q .. • 
~3~ .- -
• c: 
,go • • 
III 

~ • • o 2r • -• • W/cm'l • • • • • • • • • • • • • .1-545 • • • • • • n- • • • ·1-133 -• • • • • • • • • • • ()'721 • • • • • • o()'515 • • • • • • • • • 00412 

I I 1 
0 «> 80 120 160 

Tlme( Seconds) 

'Ic·a. OPC signal vs time for erythrosin B in a PVA film for 
different intenaities. 

which allows reasonably good OPC signals can, however, be 
filed. 

Although one expects an instantaneous response from a 
aturable absorber, in these cases, since saturation is 
achieved by bottle-necking at the triplet levels in a time scale 
ofmilliseconds, there is a fInite rise time for the OPC signals. 
Washout effects due to vibrations, therefore, become detri
mental In our experiments, the OPC signals displayed on 
an oscilloscope showed a spiky profile due to the vibrations 
picked up from the floor. Although indigenous vibration
ioIation techniques improved the signal profile, a high qual-
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ity virbation-isolation device seemed to be necessary for 
eliminating the fluctuations completely. 

In conclusion, we have observed OPC in polyvinyl alcohol 
films embedded with saturable xanthene dyes. In view of 
the ease of preparation and uniformity achievable, PV A 
films are better than boric acid glass and gelatin ftbns in 
which ope has been reported. In all these cases, photo
chemical damage poses problems and limits the working 
intensity levels to small values. Since the rise times of 
miIIiseconds are involved, washout effects are serious, and 
this necessitates the use of vibration isolation systems for the 
experimental setup . 

Financial assistance from the Department of Atomic En
ergy and the Council of Scientific and Industrial Research, 
Government of India, in the form of project funds and re
search fellowships is gratefully acknowledged. 

References 

1. Y. Silberberg and I. Bar.Joseph. "Low Power Phase Conjugation 
in Thin Films of Saturable Absorbers," Opt. Commun. 39, 265-
268 (1981); "Transient Effects in Degenerate Four-Wave Mixing 
in Saturable Absorbers," IEEE J. Quantum Electron. QE-17, 
1967-1970 (1981). 

2. H. Fujiwara and K. Nakagawa. "Phase Conjugation in Fluoresce
in Films by Degenerate Four· Wave Mixing and Holographic Pro
cess," Opt. Commun. 55, 386-390 (1986). 

3. M. A. Kramer. W. R. Tompkin, J. Krasinski. and R. W. Boyd. 
"Nonlinear Optical Properties of Fluorescein in Boric-Acid 
Glass," J. Luminesc. 31,32,789-791 (1984); M. A. Kramer, W. R. 
Tompkin. and R. W. Boyd, "Nonlinear-Optical Interactions in 
Fluoreseein-Doped Boric Acid Glass." Phys. Rev. A 34. 2026-
2031 (1986). 

4. T. Todorov. L. Nikolova. N. Tomova, and V. Dragostinova, "Pho
toinduced Anisotropy in Rigid Dye Solutions for Transient Po
Jarisation Holography," IEEE J. Quantum Electron. QE-22. 
1262-1267 (1986). 

5. V. Z. Paschenko, A. N. Ponomaryev, and V. I. Yuzhakov, "Effect 
of Concentration on Optical Properties of Dyes Incorporated into 
Polyvinyl Alcohol Films," J. Luminesc. 36, 57-61 (1986). 

6. D. M. Pepper. "Nonlinear Optical Phase Conjugation," Opt. Eng. 
21,156-183 (1983). 

7. K. P. B. Moosad. T. M. Abdul Rasheed, and V. P. N. Nampoori. 
"Optical Phase Conjugation in Dyes Embedded in Polymer 
Films," Opt. Eng .. in preaa. 

8. R. L. Abrams Bnd R. C. Lind, "Degenerate Four-Wave Mixing in 
Absorbing Media," Opt. Lett. 2, 94-98 (1978); Errata 3, 205 
(1978). 




