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Abstract—The two-beam coupling method has been a useful
procedure to estimate the screening Debye length in a photorefractive
crystal. The position and value of the maximum gain value as a function
of the photorefractive spacing grating is used to obtain the Debye length
value. This position and not the maximum value of the gain, appears to
be evidently independent of the optical activity of the material.
However, a formal treatment to this effect is not found in the specialized
literature. In this paper, we present such formal treatment.

Holographic techniques using photorefractive crystals
have been demonstrated to be appropriated for the
characterization of crystals themselves. In particular, a
two-beam coupling constitutes a suitable technique for
material characterization. Direct holographic techniques
and phase modulation techniques for self-stabilized
recording and fringe-locked holograms have been used to
measure some of the most important parameters [1]-[21].
Recently, in Ref. [1], a procedure for the simultaneous
determination of the screening Debye length and the
electro-optic coefficient for an optically active Bi;;SiOyg
(BSO) crystal, has been presented. For the computation of
these material parameters, experimental data of gain vs.
grating spacing have been obtained by a two-beam
arrangement. A general expression for the diffraction
efficiency in the presence of self-diffraction was
considered. The fitting of the experimental data to the
predicted theoretical behavior was achieved by finding
the closest theoretical curve to a set of data sampled from
a spline-smoothed curve of the experimental data. Both
the Debye screening length /; and the -electro-optic
coefficient r4; were used as fitting parameters. By
searching in wide intervals for each one of the
parameters, the estimation of their values was obtained in
a reliable and direct way from only one experiment.
Calculations were performed in the diffusion regimen and
the procedure led to /,=0.22um and Fa=4.5-10"2m/Vv.
Because the optical activity can alter the maximum gain
value, and self-diffraction effects influence the energy
exchange, the procedure turned out to be physically
appropriated for the simultaneous determination of these
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physical parameters when thick photorefractive crystals
with high optical activity were used (in our experimental
set up, the crystal depth was L=10mm). The result of the
fitting was shown in Fig. 4(b) of Ref. [1]. The effect of
the optical activity is to reduce the gain. Figure 5(b) in
Ref. [1] shows the graphs for the coupling factors 'L and
TL[2] as functions of the crystal thickness, with and
without optical activity, respectively. The curves show
that coupling factors coincide for thin crystals (Z<Imm),
where the effect of optical activity is negligible.
However, for thick crystals (L>1mm), the difference is
notable. The error in the calculation of the theoretical
gain would considerably increase for an optically active
thick crystal if its effect is not taken into account. Figure
1 shows the theoretical curves of gain using our treatment
for a 10mm BSO crystal, maintaining the obtained
parameters [/;=0.22um and ra=4.5-10"%m/V fixed, but
modifying the optical activity from its value p=37°/mm
measured for our crystal. It is observed that for a given
crystal thickness the gain is sensibly affected by the
optical activity value.
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Fig. 1. Theoretical curves of gain maintaining fixed the obtained
parameters /; and r4;, but theoretically modifying the optical activity

from its value p=37°/mm.
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The maximum of the curve varies depending on the
optical activity value. However, as can be seen from Fig.
5(b) in Ref. [1], due to the oscillatory behavior of the
coupling factor TL as a function of L, a low optical
activity does not necessarily means high gain for a given
L. Tt must be noticed, however, that the position of the
maximum does not appear to be affected by optical
activity. It is coherent with the fact that the Debye
screening length and optical power are physically
independent photorefractive parameters. In this way, even
in an optically active crystal, the maximum gain is
obtained when K/;=1 [2]. In our experiment, the
maximum gain is obtained for a grating spacing
A=135um, which, from KI;=1, -corresponds to
[,=0.22pum.

The purpose of this paper is to illustrate by formal
treatment that the position of the maximum is not affected
by optical activity in a gain vs. a spacing grating set of
data. Changing the factor 'L by T'Zin Eq. (19) of Ref.
[1], according to Eq. (19) in the same reference, it is
obtained that
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where, Ig(L) and I”¢(L) are the output signal intensities
when the pump beam is switched on and switched off,
respectively; ¢ , is the holographic phase; An, is the

index modulation in the crystallographic configuration
<001>; 0 is the half inter-beam angle; A is the laser
wavelength; p is the optical activity; ¢ is the input beam
polarization angle; and L is the crystal thickness.

Differentiating this expression with respect to the
magnitude of the grating vector K,
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A maximum of gain is obtained when 0G/0K=0. Then,
considering that the exponential factor is never zero, we
get
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The experimental conditions (see Ref. [1]) prevent that
the term multiplying the derivative of |An,| is zero.
Therefore, it follows that O|An,|[/0K=0. Now, writing
\Anx|:0.5r41n3|Eef/-1 and taking into account that the
magnitude of the effective field in absence of external
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electric field is given by |E g=Im{|E4}=Ep/(1+K*L),
the maximum of gain is found when KI/;=1. This result
demonstrates that the gain maximum in the presence of
optical activity is given at the same space grating period
than in the case of no optical activity. The maximum gain
is given by,

i kT
Gy, =exp{im{L+;cos(2(p+pL)sin(pL)} “4)
or
nsing kT
Gy ZeXp{i)wlsf()st;LD+COS(2(P+pL)SinC(pL)]} (5)

where, kp is the Boltzman constant; 7' is the absolute
temperature; e is the magnitude of the electron charge.
The diffusion field has been written in terms of /; by
using the result K/;=1. From the last expressions it is
clear that for a given crystal depth L, the maximum gain
depends on the optical activity and its value fluctuates
because of the oscillating characteristic of the functions
cos and sinc. A similar conclusion is obtained for a given
optical activity if the crystal thickness is modified, as
shown in Fig. 2.
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Fig. 2. Theoretical curves of gain maintaining fixed the obtained
parameters /,; and 74 in Ref. [1] for zero optical activity (O.A) or for
p=37°/mm. The crystal thickness L is theoretically modified.

In conclusion, the two-beam coupling method
constitutes a useful procedure to estimate the screening
Debye length in a photorefractive crystal. The procedure
is based on the position of maximum gain for a gain vs.
spacing grating set of data. Recently, in Ref. [1], the
method has been used, together with a numerical
technique, to simultaneously determinate the Debye
length and the electro-optic coefficient of a BSO crystal.
The procedure does not depend on the position of
maximum gain. However, and in spite of that, formal
treatment is not found in the literature to demonstrate that
the position of the maximum in a gain vs. spacing grating
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set of data in an optically active photorefractive crystal is
not affected by optical activity. The purpose of this paper
has been to offer this formal treatment. For the best
understanding of the paper, Ref. [1] should be followed.
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