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‘We present here the experimental results of photorefractive two-wave coupling in the congruent strontium barium

niobate (SBN:61) crystal doped with 1000ppm Cr. Employing a He-Ne laser (632.8nm), we observed the coupling

characteristics under different conditions. The crystal shows excellent photorefractive properties, with a high coupling

coefficient nearly 6cm ™! as the beam intensity ratio m is less than 100. The saturated coupling coefficient of SBN:61:Cr

shows a maximum at a certain external beam crossing angle 20,cak, which varies with different m, showing a nearly

linear dependence on m. The saturated coupling response time 7 is measured to be less than 0.8s. The response time

decreased with increasing beam crossing angles no matter how large m is. We also observed the behaviour of the probe

beam in reversed experimental procedures. We found that the probe beam shows a bistable state in both procedures.
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I. INTRODUCTION

The photorefractive effect in some oxide crystals
has received extensive investigation in the past few
decades, in view of the potential applications in optical
data storage, optical computing, optical modulating,
optical switching, spatial filtering, image processing,
optical interconnection, and so on. All of these appli-
cations require crystals with high photorefractive sen-
sitivity, fast response and high diffraction efficiency.

Previous work has shown that many materials
possess obvious photorefractive properties, such as fer-
roelectric oxides, non-ferroelectric oxides, semiconduc-
tors, quantum-well materials, organic macromolecule
polymers and electro-optic ceramics, etc. Among
these, the ferroelectric crystals LiNbO3, BaTiO3 and
SBN are some of the most interesting materials. As-
similating to BaTiO3, SBN crystals display a large
electro-optic coeflicient, fast response and small half-
wave voltage in fast electro-optic modulating. How-
ever, the phase transition near room temperature
does not occur in SBN crystals as it does in BaTiO3
crystals.!!! The flexibility of the structure allows SBN
crystals to be doped with various kinds and concentra-
tions of impurities as the exciting centres, to efficiently
tune the electro-optic and photorefractive properties
of SBN crystals. As a result, varieties of SBN crystals,

especially SBN crystals doped with transition metals
such as Ce, Cr, Rh, etc, have gradually become one
type of important material being investigated, as crys-
tals with a large size and good optical quality are read-
ily available.

SBN:Ce is one of the most extensively stud-
ied crystals. Several research groups have succes-
sively investigated the absorption, two-wave and four-

S.[2_6]

wave mixing, and their application In contrast,

[7=10] Some research

SBN:Cr is relatively less reported.
of the crystal was carried out only at the wavelength
514.5nm. We have measured the absorption spec-
trum of SBN:61:Cr crystal, which shows a wide band
around 650nm, as shown in Fig.1, due to the Cr dop-
ing. The absorption for the He-Ne laser wavelength
(632.8nm) is also very intensive. This indicates that
the SBN:61:Cr crystals should exhibit an eminent pho-
torefractive effect at 632.8nm. Because two-wave cou-
pling is a substantial mechanism in most photorefrac-
tive phenomena, we characterize SBN:61:Cr crystals
through two-wave coupling at 632.8nm. In this paper,
we report the observed results under different experi-
mental conditions. The coupling coefficient measured
reaches a peak value at a certain two-wave crossing an-
gle. The angle corresponding to the peak value varies
with a different pump/probe beam intensity ratio m
for the SBN:61:Cr (1000ppm) crystal used in our ex-

*Project supported by the “211” Project of Northwestern Polytechnical University. Part of this work was done in the Department
of Physics at the University of Osnabriick in Germany, and supported by “SFB225” of DFG.

739



740 Zhao Jian-lin et al.

Vol. 10

periment. The coupling coefficient increases with m.
The response time for two-wave coupling to reach the
steady state is measured to be less than 0.8 s.
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Fig.1. Absorption coefficient of SBN:Cr crystal doped
with 1000ppm Cr.

I. TWO-WAVE COUPLING EXPERI-
MENTS

The experimental set-up for two-wave coupling is
shown in Fig.2. A thin polarized beam output from
the He—Ne laser is first reflected by mirror My, then
split into the probe and pump beams by a beam split-
ter (BS). Both beams symmetrically impinge on the
crystal sample with a 26 angle in air. The bisector
is perpendicular to the crystal c-axis in the incidence
plane. The two transmission beams are detected by
photoelectric cells D; and Do connected with a PC.
As 733 is the largest element of the non-zero electro-
optic coefficient tensor, the crystal is placed to make
the grating wave vector parallel to its c-axis. A \/2-
zone plate is used to turn the polarization plane from
vertical to horizontal. The diameters of the light spots
are limited to be the same, approximately 3mm.
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Fig.2. Experimental set-up: M, mirror; A\/2, half-
wave plate; BS, beam splitter; D, detector; P, pinhole.

The crystal sample used is a congruent SBN:61

crystal doped with 1000ppm Cr. T, is 80°C and the

3

size is 6.5x7x5.5mm=. It was grown in the Crys-

tal Growth Laboratory of the Physics Department

at the University of Osnabriick using the Czochral-
ski method, and has been polarized at a temperature
of 130°C, with an electric field of 1000V /cm.

Firstly, we fixed the intensity ratio m = I,(0)/
15(0), and measured the steady-state coupling coeffi-
cient I' versus the external crossing angle 26 between

two incident beams. I" was obtained byl

rem(re) W

where I and I, represent the transmitted probe and
pump beam intensities after coupling, respectively,
and I;,(0) and I5(0) before coupling.

Figure 3 shows the dependence of the steady-
state two-wave coupling coeflicient I" on 26. The solid
line represents the theoretical prediction of the cou-
pling coeflicient, simulated according to the following
equation!!]

B Asinf cos 26;
1+ B~2sin%0 cos®;

(2)

where 26; and 26 are the crossing angles in and out of
the crystal, respectively, and A and B are parameters
related to the photorefractive material used.
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Fig.3. Steady-state coupling coefficient I' versus
beam crossing angle 20(m = 10) (the solid line rep-
resents simulated results).

" m=80
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Fig.4. Steady-state coupling coefficient I' versus

beam crossing angle 20 with different beam ratios
m. All the curves are simulated by using Eq.(2).
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It is shown from Fig.3 that the steady-state two-
wave coupling coefficient I" increases rapidly with 26
in the first instance, reaching a peak value, then de-
creases gradually. That is, an optimal coupling angle
exists corresponding to the peak value, which changes
with the beam intensity ratio m [= I,(0)/I(0)]. Fig-
ure 4 describes the dependence of I' on the beam in-
tensity ratio m. The dependence of the optimal cou-
pling angle on the beam ratio m is presented in Fig.5.
It shows that I" monotonically increases with m, and
the optimal coupling angle increases with m (in the
range of our experiment) in a nearly linear manner.
The maximum I" for m=80 is near 5.5cm ™!, which is
larger than the result for SBN:60:Cr and SBN:75:Rh
crystals given in Ref.[7], where m=3000 and 1500, re-
spectively.
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Fig.5. Dependence of the beam crossing angle of op-
timal coupling on the intensity ratio m.

Figure 6 describes the dependence of steady-state
coupling response time 7 on the beam crossing angle
26 with different m. Here 7 is defined as the time re-
quired for the probe beam intensity to increase from
its initial value to (1—e™1) of its steady-state value,
after the pump beam is switched on. In our experi-
ment, the measured response time 7 of SBN:61:Cr is
very short, less than 0.8 s, much shorter than that of
SBN:Ce.[l Tt is shown that 7 decreases with increas-
ing 26, nearly reaching 0.2 s. This can be explained as
follows. According to the band transport mechanism,
the formation of the photorefractive grating consists
of four stages: photo-induced charge exciting, charge
transporting from the bright zone into the dark zone,
the induced charge being re-trapped, and electro-optic
effect inducing refractive index change. The photo-
induced charge transport would be the basic limitation
of the response time, as long as the incident inten-
sity is strong enough. As the crossing angle becomes
larger, the period of grating formation decreases. This

means that the charge will travel a shorter distance to
the dark zone, so that the response time decreases.
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Fig.6. Steady-state coupling response time 7 versus
beam crossing angle 26.

. DISCUSSION

In our experiments, we first blocked off the pump
beam and only kept on the probe beam, then switched
on the pump beam and observed the change of the
probe beam intensity. Thereafter, we blocked off the
probe beam and only kept on the pump beam, then
switched on the probe beam and observed its de-
cay. Under both conditions, we observed that the
probe beam intensity increased in a monotonic non-
exponential mode. After coupling reached the steady
state, the pump beam was switched off, and the probe
beam intensity decreased quickly to its initial value be-
fore coupling. If the probe beam was switched off, the
detected intensity in the probe beam direction behind
the crystal decreased gradually until it reached zero.
All the observations are shown in Fig.7. In our exper-
iments, we have not observed the transient procedure
behaviour of the probe beam, which occurred in the
KNSBN crystal.[!?]
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Fig.7. Evolution of the probe beam intensity in dif-
ferent processes in two-wave coupling.
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Fig.8. Bistable state characteristics of the evolution
of the probe beam intensity.

It is also shown in Fig.8 that the probe beam in-
tensity evolution demonstrates a bistable state. That
is, when the probe beam with a certain intensity is
put into the SBN:61:Cr crystal, its output can show
two steady states, which can be converted through
the switching on and off of the pump beam. In the
two-wave coupling experiment, when the probe beam
is sent onto the crystal, there is a stable output in-
tensity. Now, switching on the pump beam to couple
with the probe beam, the output of the probe beam
changes to another stable value rapidly. Then switch-
ing off the pump beam again, the output of the probe

beam decreases to the initial stable value.

IV. CONCLUSION

In this paper, we have reported on the experimen-
tal measurements of two-wave coupling in the SBN:61
The steady-state
coupling coeflicient is characterized as a function of

crystal doped with 1000ppm Cr.

the parameters involved in the experiment. The coeffi-
cient has a peak value at a beam crossing angle 20,cax.
The coeflicient is also a function of the intensity ra-
tio m of the two coupling beams. The response time
for steady-state coupling is less than 0.8 s. For every
value of m, the response time is measured to decrease
with an increasing 26 angle. This can be explained by
the formation mechanism of the photorefractive index
grating. The measured maximum I" of the sample is
smaller than that of the SBN:60:Ce crystal, but the
response time is much shorter than that of the lat-
ter crystal.[®] Our results are also larger than that of
Ref.[13] for the KNSBN crystal. The evolution of the
probe beam shows a bistable state in the coupling.
This bistable state character could be used in bistable
apparatus applications, such as optical switching, op-
tical storage, optical amplification, optical computing,
and so on.
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