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We show in this paper a holographic characterization of the photorefractive sensitivity by
the spatial light modulation dependence in the Bi13TiO9q crystal. The experiments were
perforined in diffusion only Bragg regime and exploit the anisotropic self-diffraction proper-
ties of the material. Through the well known condition KLp = 1, we obtain an evaluation
of the diffusion transport length Lp in the low frequency domain. The experimental lim-
itations found in the holographic testing routines of spatial sensitivity in high frequency
domain are theoretically explained. It isalso indicated the best conditions based on spatial
frequeacies for fast response of the material as optical holographic processor.

l. Introduction

The photorefractive material is a very interesting
nonlinear register media with high spatial resolution
and sensitivity in real time holographic recording. This
material is systemstically employed for generation and
controlling of the volume phase holograms for many
scientific and tecnological purposes. In these materi-
als, the well described' combination of photocondutiv-
ity and linear eletrooptic effect produces a refractive
index modulation due to the projection of an interfer-
ente pattern of light into the crystal.

It is well known from theory? related with the pho-
torefractive effect that the maximum sensitivity re-
sponse to the spatial light modulation is reached for
KLp =1, and that the increasing of the K value from
this condition to saturation values results in reduced
sensitivity. Here, I = 2x/A (A is the grating spacing)
is the spatial frequency and Lp the diffusion transport
length for no applied external electric field. Recently3,
this condition was employed to check positively the
measured Lp vau.. |t was proposed* a new complete
holographic experiment exploring the anisotropic self-
diffraction properties to determine some intrinsic pa-
rameters in BSO-type crystals.

This work shows an experimental characterization
of the photorefractive sensitivity by the spatial light
modulation dependence in the Bi;2TiOy crystal. We
determinethe diffusion transport length Lp of the sam-
ple, which was illuminated with A = 0.633pm from a
He-Ne laser light source.

Il1. Spatial sensitivity in the photorefractive ma-
terial

In the photorefractive crystal, the photocondutivity
allows photoelectric carrier displacements, and the sub-
sequent trapping produces aspatial charge distribution.
So, a refractive index modulation is produced via lin-
ear eletrooptic effect. All the process of the volume
phase hologram formation is described by the space
charge fiedld E,,. The holographically generated sinu-
soidal phase grating is obtained when the interference
pattern of light

I(z) = Ip(1 + mcos Kz) (1)

of period A = 2x/K and modulation rate m, is pro-
jected onto the (110) face of the crystal sample in a
transverse eletrooptic configuration®1! with the x axis
parallel to the [110] crystal axis. In this case, the space
charge field E,, during the grating formation or in the
grating decay has an exponential behaviour® in the time
domain characterized by the constant’

S = I(qur¢/ehvd)(1 + K212)/(1 + K2L%) (2)

for no external applied electric field. In this expression
I isthe effective absorved irradiance in the experiment,
q is the electric charge, ¢, = Lg/E is a specific drift
length, ¢ is the quantum efficiency of the photoelectron
generation, ¢ is the electric permitivity, dis the crystal
thickness, hv is the photon energy of incident light,
I, is the Debye screening length and finaly Lp is the
diffusion transport length.



In short, the space charge field is sinusoidal in the
spatial domain with an exponential amplitude in the
time domain with the constant defined by the Eq. (2).

The sensitivity of these materials is computed by
the change rate of the photoinduced space charge field"
amplitude E,.(t) in the beginning of the recording or
in the beginning of the erasure of the hologram. In
this sense, we are treating the photorefractive sensitiv-
ity as a velocity response of the space charge field in
the grating formation. With the amplitude’

Esc(t) = (D/ﬂ)]< exp(—St) (3)

where D/p = L% /u., and the definition of the sensi-
tivity for the erasure"

W = —(0E4c(t)/0t):=0 (4)

Using the Eq. (2) and the Eg. (3), we obtain the
expression
W, = W/I = (¢¢/ehvd)(1 + KUDKLL /(1T K?LY)

()
where W, is the sensitivity normalized by effective ab-
sorbed irradiance in the crystal. The Eq. (5)expresses
the spatial light modulation dependence of the photore-
fractive sensitivity.
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Figure 1.: Normalized sensitivity curve form Bi;2TiO2q
crystal at A = 0.633um using Lp = 0.23pm from Ref.
4.

We assume that our analysis is made for the values
of spatial frequencies in which the approximation

K2 << 1 (6)

must be considered. This is the usual interval of varia-~
tion for practical purposes and corresponclsto the inter-
mediate spatial frequencies. With this approximation
the Eq. (5) becomes

W, = (¢p/ehv)K L} /(1 + K2L%) (7)
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Figure 2.: Experimental setup. In this sketch, Sisthe
mechanical shutter, P is a polarizer, A is a polarizer
used as an analyser, D a photodetector and R is a fast

graphic register.

which has one maximum value (see Figure 1) given by
the condition

W, /8K =0 (8)

e.g., the maximum of the sensitivity for thisinterval is
reached? for

KLp =1 9)

Thewedl known result expressed in the last equation can
be used as an additional testing for new experimental®
determinations of Lp and it isin agreement with our
experimental characterization curve which shows the
maximum (see Figure 4) foreseen by Eq. (9).
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Figure 3.: Typical experimental intensity in erasing o
a photorefractive sinusoidal grating.

II1. Spatial sensitivity in high frequency domain

Now, making a simple algebraic manipulation and
introducing the trap density parameter by the defini-
tion

2 =e(KpT/q*Ny4) (10)
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then Eq.(5) beconies

W, = (KBT/q)(wNAhud)H(K)-(K’L%)/(HK’IE%),
11)
where
H(K) = 1t K%2)/K2.

In this last result assuming sufficiently high values of
K, thefactor

KLy /(1T K2 L)~ 1 (12)

is an approximation factor. With no modification in
thefactor H(K), :he sensitivity now is given by

Wa = (KpT/a)(¢/Nahvd)(1+ K*I0)/KE  (13)

For thisinterval cf variation of K, using the Eq. (8),
it is reached one value (maximum or minimum) of the
sensitivity for whi:h

KI, =1 (14)

On the other hand, the term (1% K22)/K1? in the
Eg. (13), plotted in Figure 5, alows to conclude that
the sensitivity corresponding to the conditions K, =
1 is the smaller value (minimum) reached in the high
frequency domain. Therefore, the analysisshowsthat is
possible to find the dower response timein the material
for high spatial frequency, before the saturation limit of
the material has bzen reached.

IV. Experimental  characterization of the
Bi;,TiO4 Crystal by the spatial sensitivity

The experiment.al setup used for the photorefractive
sensitivity characterization is illustrated in Figure 2.
We used a BTO (Bi;,TiO30) sample (10x8x4,8mm3)
grown in the A.F. loffe Physical-Technical Institute of
Leningrad, USSR. It was illuminated by two beams of
A = 0.633um of the He-Ne laser light source at 10 mW
of nominal power, rxpanded, collimated at small beam
diameter (4mm), in a similar experimental configura-
tion used in Ref. 3. From the practical viewpoint, the
main feature of this approach is the easy implementa-
tion of the experiinent. The simple detection o the
diffracted beam is possible, in spite of the low diffrac-
tion efficiency in & purely diffusion recording mecha
nism, exploiting the anisotropic diffraction propertiesg
of this material. So, if the polarization direction of
interfering beams is parallel to the [001] crystai axis
at the center of th: crystal sample, in transverse elec-
trooptic configurat on, the polarization direction of the
diffracted beam makes 90° with that of the transmitted
bearn. In this case, the difftacted beam is selected by
an analyzer (see Figure 2), with the additional advan-
tage of eliminating the possible background scattered
noiseincreasing the SNR (Signal to Noise Ratio) of the
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Figure 4.: Experimental curve fitting W,, x K, where
W, is given by Eq. (7).

holographic device. The sample used here has thelight
absorption coeficient a = 1.15 em™?, and the specific
optical activity p = 1.25 cm™1.

The decay constant S is obtained from datain pic-
turesillustrated in Figure 3. This parameter is deter-
mined by the grating erasure for each K used in the
experimental datain W, x K plotted in Figure 4. The
W, valuesfor construction of the characterization curve
in Figure 4 are computed by Eq. (5), with the definition
of Sin Eqg. (2), in theform

Wn = (KsT/9)K(S/1) (15)

In the last expression KgT is the Boltzmann factor, q
is the electric charge and in our case KgT/q = 25.26
mV. The Figure 4 shows maximum value of sensitivity
for one spatial frequency K = 2x/A. Therefore, this
maximum value of the sensitivity, by the Eq. (8) alows
to compute

Lp =021pm. (16)
Based on the data from Figure 4, we made the
sensitivity characterization of the Bi;2TiO»e crysta
at A = 0.633um as an optical holographic processor.
The maximum in the sensitivity is W, = 1.55VmJ~!
with the spatial frequency K = 4.7 x 10%m=! or 748
lines/mm, that corresponds to the incident Bragg angle
8 = 13.69°. Theminimum measured value o sensitivity
corresponds to thespatial frequency K = 16.5x108m=!
or 2,626 lines/mm with the incident Bragg angle 8 =
56.22°,

V. Comments and Conclusion

According to the condition imposed by Eq. (8)
applied in our experimental photorefractive sensitiv-
ity characterization curve, we computed the intrinsic
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parameter Lp. Comparatively, our measured value is
in good agreement with the values evaluated by oth-
ers, using different methods with similar experimental
conditions. Trofimov and Stepanov!® reported Lp =
0.3um measuring the sensitivity at the beginning of the
writing-erasing cycle while Stepanov and Petrov? re-
ported Lp = 0.25pm, using the gain factor dependence
on thespatial frequency. Both experimentsin a nonsta-
tionary holographic recording in an alternating electric
field employing Bi;2TiO40 crystal at A = 0.633um.

In the present work we show the photorefractive sen-
sitivity characterization of an interesting photorefrac-
tive material and determine the usual interval in the
spatial frequency domain in this sample for real-time
holographic technological applications.

The experimental verification of the spatial fre-
guency response of the photorefractive material vas
made by exploitation of the properties of the induced
anisotropic self-diffraction®. This procedure allows an
easy implementation of the experiment. From the prac-
tical viewpoint the main feature is the easy detection of
the diffraction beams by a simple control and selection
of the polarization direction of the light beams®. The
system employs the two wave mixing configuration in
diffusion only operation.
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Figure 5.. High frequency factor for Bi;sTiO4g crystal
at A=10.633um using I, = 0.042um from Ref. 4.

We show that the sensitivity corresponding to the
condition Kl, = 1is the smaller value reached in the
high frequency domain. It occurs before the saturation
limit of the material has been reached. There isasmall
variation of the sensitivity in a wide range of frequency
asisilustrated by the theoretical curve in the Figure
5. This foresight explains the experimental difficulty
to determine with precision the minimum sensitivity in
high spatial frequency domain. So, the measured val-
ues in this region with the holographic testing routine
proposed here, cannot be used for this purpose. The
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system shows great diferences in the values of the sen-
sitivity when the holographic gratings with small vari-
ations of spatial frequency are projected in the sample.
This is probably due to the nearness of the limit of
resolution of the material.

In summary, we show in this paper an experi-
mental characterization of the photorefractive sensitiv-
ity by the spatial light modulation dependence of the
Bi;,TiOy crystal. The holographic procedure used
here is based on the anisotropic diffraction proper-
ties, within the diffusion only regime at illumination
of A = 0.633um by a low power He-Ne laser. From the
experimental results we make an evaluation of the dif-
fusion transport length Lp using the well known max-
imum condition KLp = 1. This parameter plays an
important role in real-time applications with photore-
fractive materials.

Acknowledgements

We would like to thank A. A. Kamshilin by the good
quality sample and A. A. Tagliaferri for the helpful dis-
cussions and siiggestions.

This work had the financial support of FAPERJ
(Fundacéo de Amparo a Pesquisa do Estado do Rio
de Janeiro), FINEP (Financiadora de Estudos e Proje-
tos) and CNPq (Conselho Nacional de Desenvolvimento
Cientifico e Tecnol égico).

References

1. N. V. Kukhtarev, V. B. Markov, S. G. Odulov,
M. S. Soskin and V. L. Vinetskii, Ferroelectrics
22,949 (1979).

2. M. G. Moharam, T. K. Gaylord, R. Magnussum
and L. Young, J. Appl. Phys. 58, 5642 (1979).

3. P. A. M. dos Santos, P. M. Garciaand J. Frelich,
J. Appl. Phys. 66, 247 (1989).

4. P. A. M. dos Santos, Opt. Comm. 80, 225 (1991).

5. A. Marrakchi, J. P. Huignard and P. Gunter, Appl.
Phys. 24, 131 (1981).

6. G.A. Alphonse, R. C. Alig, D. L. Staebler and W.
Phillips, RCA Review, A36, 213 (1975).

7. S.1. Stepanov and M. P. Petrov, Topicsin Applied
Physics, edited by P. Gunter and J. P. Huignard,
Springer, Berlin, vol. 61, chap. 9, pp. 263 (1988).

8. M. Peltier and F. Micheron, J. Appl. Phys. 48,
3683 (1975).

9. A. A. Karnshilin and M. P. Petrov, Opt. Comm.
53, 23 (1985).

10. G. S. Trofimov and S. |. Stepanov, Sov. Tech.
Phys. Lett. 11, 256 (1985).

11. S. Mdllick and D. Rouede, Appl. Phys. B 43, 239
(1987).



