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Abstract: We present a theoretical analysis of temperature effects on the stability of screening photovoltaic spatia

bright solitons in biased photovoltaic photorefractive materials. A stable screening photovoltaic bright soliton formed at a

temperature & stable against small perturbat ions when the temperature changes in a regime by name the stable temperature

regime whereas tends to be unstable when the temperature exceeds the regime. An unstable optical solitary beam can

evolve into a stable screening photovoltaic bright soliton by adjusting the crystal temperature.
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Introduction

Optical spatial solitons in photorefractive media

have found a growing interest i the last

decade ™ 1.

photorefractive solitons have been predicted and, part

At present, three types of steady state

of them have been found experimentally. Screening
solitons are possible in steady-state when an external
bias voltage is appropriately applied to a nomr
These

screening solitons result from nonuniform screening of

photovoltaic  photorefractive crystall "~ 8.

the bias field. Photovoltaic solitons are possible in
steady state in an operr closed circuit photovoltaic

photorefractive crystal without a bias field. These
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photovoltaic solitons result from the photovoltaic
[7~9]
effect .

have been found experimentally. Recently, it has been

The screening and photovoltaic solitons

predicted theoretically that the screening photovoltaic
(SP) solitons are possible in steady-state when an
field s

photorefractive crysta

applied to a photovoltaic
1921 These SP
result from both the photovoltaic effect and spatially

electric

solitons

nonuniform screening of the applied field. In fact, we
can think of SP solitons as the unity form of screening
and closed circuit photovoltaic solitons. If the bias
field is much stronger than photovoltaic field, the SP
solitons are just like the screening solitons. If the
applied field is absence, the SP solitons degenerate
into the photovoltaic solitons in the close circuit
condition.

M ihalache et al.'"! and Singh et al.'™ provided
a theoretical analysis of the stability of walking vector
and screening solitons, respectively. Recently, the
stability

of SP olitons was investigated by
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dynamical
equation' . The SP solitons tend to be stable against

numerically  solving  the evolution

small perturbations. However, beams whose wave
parameters significantly depart from those of a self
trapped solution do not retain their form but instead
tend to experience cycles of compression and
expansion or can breakup into beam filaments and
their maximum am plitudes oscillate with propagation
distances. The larger the perturbations are, the
stronger the oscillation is. The SP solitons have a
similar way to screening solitons in stability.
Although the stability of photovoltaic solitons has not
been discussed yet, the closed circuit photovoltaic
solitons should have a similar way to SP solitons in
stability because the closedcircuit photovoltaic
solitons are the special case of the SP solitons.

As we know, the photorefractive effects are
dependent on the dark irradiance of the crystal and,
the irradiance is dependent on temperature ™ "®! As
aresult, the photorefractive effects, such as two-beam
strongly

tem perat ure! 15~ 201,

coupling and fourwave mixing, are

dependent on the crystal
Obviously, the evolution, stability and the spatial
shape of a photorefractive spatial soliton will be
dependent on the crystal temperature. However, so
far, the effects of temperature on the photorefractive
solitons have not been researched. Is a photorefractive
soliton, which is stable or tends to be stable against
small perturbations at a crystal temperature, stable at
another temperature? In the paper, we investigate the
effects of temperature on the stability of SP solitons in
the biased photovoltaic photorefractive crystal. Our
results show that a stable SP bright. Soliton, early
formed at a such as

temperature T o, room

temperature, tends to be unstable when the
temperature changes from Toto T if the temperature
difference is big enough. However, if the temperature
dependence is small enough, the stable SP brigth
soliton can reshape itself and tends to evolve into
another stable SP bright soliton, that is, there is a
stable temperature regime in which the screening
photovoltaic bright solitons are stable against small
perturbations. An unstable optical solitary beam can

evolvel into - al (stabileS sereéhing- photovoltaic  bright

soliton by adjusting the crystal temperature.
1 Theoretical formulation

To analyze the evolution of a SP soliton in biased
photovoltaic photorefractive crystal, let us consider an
optical beam that propagates in the crystal along the
z-axis and is permitted to diffract only along the x-
direction, and the optical caxis of the crystal is
oriented along the x-coordinate. Moreover, let us
assume that the optical beam is linearly polarized
along x and that the external bias electric field is
applied in the same direction. Let I = I(x, z ) denote
the power density profile of the optical beam, which
can be also expressed as I= 4l Ul 2,where ld is the
so called dark irradiance and U is the normalized
envelope of the optical beam. For this physical
model, in the case of neglecting the diffusion process,
the basic theory and formulation have been built up
and the normalized envelope U obeys the following

dynamical evolution equation''"™ '

. 1, U _
ilUg+ ZU‘“ Brp+ 1)1+| i
(P-1 U1*)U
a | Ul U:0 (1)

1+1 U1?

where a= (koxo) ( ne'r3s/2) Ep, B= (koxo)” x
(nr3s/2)Eo, P= Tol/la, Too= I(x  too z), ko
= 2T/ N, Ao is the free space wavelength of the light
wave employed, n. is the unperturbed extraordinary
index of refraction, r33 is the electrooptic coefficient,
E, is the photovoltaic field constant, E¢ is the value of
external field strength, &= z/(nckox 02) ,s= x/xo,
x0is an arbitrary spatial width, Ug= 0 U/0& U=
0° U/ 05>

The dimensionless quantities a and B are
associated with the photovoltaic effect and drift
process, respectively. Generally, a and B do not
depend strongly on temperature. In the paper, we pay
our attention on the temperature dependence of 4.
Here we use the onelevel and one carrier model

|

presented by Cheng and Partovil®!, which was

successfully used to explain the temperature
dependence  of  photorefractive  effects  in
LiNbO3!"® " {0 describe the  temperature

dependence of 14 as the following
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32
T Eg1 1
Jaq = ](IO[30(J eXp|: KB[?’OO_ T]] (2)

where K g is Boltzmann’ s constant, T is the absolute
temperature, [ 4o is the value of I 4at T = 300K, E, is
the level location in the gap. For photovoltaic
photorefractive crystal, such as LiNbO3, Eit~ 10 Y
JUC I for simplicity, we take E,= 107 '°J. Bright
SP solitary solution can be derived from Eq. (1) by
entirely neglecting the diffusion effects and, by

ex pressing the beam envelope U in the usual fashion:

U= r"?y (s) exp(iV&) , where V represents a
nonlinear shift of the propagation constant, y (s) is a
normalized real function bounded betw een 0 <y (s) <
1. The positive quantity r is defined as r= 1(0)/ [ q.

For the bright spatial solitons, we require that y( 0) =

1,y (0)= 0 and y (s == o0) = (). Substitutions of
this latter form of U into Eq. (1) with P= 0 and ¥
= 0, we find that:

172 4,
r dV (3)

[2(B+ a)]"?s = £

B+ a

and V= - In(1+ r)+ a. Bright solitary beam

profile y(s) can be easily obtained from Eq. (3) by

use of simple numerical integration procedures. Let
rol= 1(0)/ lao] denote the value of r at T = 300K,

by use of Eq. (2), the quantity r= 7(0)/ 14 can be

expressed as

I | E. 1 1
"= 0300 FPT K300 T (4)

The sign of B is dependent on the polarity of

Us= 0.5= 1.T #300K) 1’=1 U(s= 0.E= 1.T = 300K) |’

o) [In( 1+ 52— #7n(1+ r)]'"?

Eo, whereas the sign of a is dependent on the
characteristic of the photovoltaic crystal and the
polarization of the light'*"'. Therefore, either positive
or negative of the sign of B and a is possible.
However, form Eq. (3), the conditions to obtain a
bright SP soliton are (a+ B)> 0.

In order to give the quantificational information
about the temperature effects on the stability of SP
solitons, we introduce two functions. One function

Al U(T)1? is defined as

Al U(T)1? = "

T he function denotes the relative difference of the

optical beam maximum amplitude at &= 1 between

| U(s= 0,&= 1, T = 300K) |

(5
T'= 300K and others. Another function Al W(T)|

is defined as.

Al W(T) =

Where W denotes the FWHM of the optical beam at
& 1. The function Al W (T )| denotes the relative
difference of the FWHM of the optical beam at & 1
between T= 300K and others.

2  Temperature dependence of stability of

screening photovoltaic bright solitons

We firstly consider the temperature effects on
the evolution of an incident bright SP soliton in the
biased photovoltaic photorefractive crystal with the
parameters of a= — 100, B= 135 and E,= 10 97,
This incident SP bright soliton solution can be
obtained from Eq. (3) with the parameters of a=
- 100, B= 135, E;= 10" "] and ro= 10 at T =
300K. The dynamical evolution of the incident SP
soliton beam is exhibited by numerically solving
Eq. (1) under different temperature with a= — 100,

‘W(i: LT #Z300K)- W(&= 1.T = 300K) 6
W(&= 1, T = 300K) (6)

B= 135,E.= 10~ T and ro= 10. As expected, our
results confirm that the incident solitary beam
remains invariant with propagation distance at T =
300K as shown in Fig. la, i e.,the incident solitary
beam is stable at T = 300K. However, when T #
300K the incident beam cannot evolve a stable SP
bright soliton, but tends to experience larger cy cles of
compression and expansion, and its maximum
amplitude oscillates with propagation distances at T
= 280K or to breakup into beam filaments at T =
360K, as shown in Fig. 1b and Fig. lc. The results
indicate that a stable SP bright soliton formed at a
another

temperature tends to be unstable at

In other words, to change crystal
stability of a

photorefractive soliton. The reason that the incident

temperature.

temperature will destroy the

beam cannot evolve a stable SP bright soliton at
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T'= 280K and T = 360K is that the value of r =

I(0)/14(T ) at T Z300K is different from that at T
= 300K and, as a result, the wave parameters of the
incident beam deviate significantly from those of a SP

bright solitary wave supported by the crystal at T =
280K and 7= 360K.

v
014
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Fig. 1 Temperature effects on the dynamical evolution of an input SP

bright soliton in the biased photovoltaic photorefractive crystal

wih the parameters of a= - 100,B= 135and r¢= 10

a— T= 300K b- T= 280K c¢- T'= 360K d- T= 305K

The input SP bright soliton is early obtaned from Eq. (3) with

ro= 10, E,= 107 ®], a= - 100 and B= 135 at 7= 300K

When the crystal temperature deviates slightly

from 300K, such as T = 305K, the incident beam
reshapes itself and tries to evolve into a solitary wave
1d. The

results indicate that a stable SP bright soliton can

after a short distance, as shown in Fig.

evolve into another stable SP bright soliton when the
crystal temperature changes from one value to another
if the temperature difference is small enough. In
other words, there is a stable temperature regime in
which the SP solitons are stable against small
perturbations. In order to determine the width of the
stable calculate  the
temperature dependence of function Al U( T )1* and
Al W(T)| by numerically solving Eq. (1) with a=
- 100, B= 135, E;= 10" “J and ro= 10 at different

temperature, as shown in Fig. 2, and the incident SP

temperature regime, we

bright soliton is early obtained from Eq. (3) with a
=- 100, B= 135, E;= 10" ”J and ro= 10 at T=
300K. As we can see that the maximum amplitude is
more sensitive to temperature than FWHM. It is
difficult to define the stable temperature regime
strictly. Here we define the regime | AT | as
| AT |= min{| AT |1 Al U(T)1? <5%,

L AT 1D AL W(T) ) S<5% (7)

From Fig. 2, we have | AT| = 16K.
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Fig 2 Temperature dependence of function A1 U (T) 12 and
Al W(T)I when the incident beam is a bright SP soliton
with a= — 100, B= 135, E ;= 107 ®J and r,= 10
We then investigate the following problem. Can
we adjust the crystal tem perature to make an unstable
optical beam become a stable SP bright soliton? For
example, an incident beam, with its wave parameters
deviating significantly from those of a SP bright
soliton early formed in a crystal with a= — 100, B=
135, Ei= 100 ®J and ro= 10 at T = 300K, must not
evolve into a stable SP bright soliton in the same
crystal at T = 300K. Can it evolve into a SP bright
soliton at another temperature? At first, we consider
the case that the deviation comes from the beam
width. In doing so, we take a Gaussian beam U=
(1O)Uzexp[ — $%/0. 83%] as the incidence beam.
Fig. 3a and Fig. 3b give the evolution of the Gaussian
beam in a biased photovoltaic photorefractive crystal
by numerically solving Eq. (1) with a= - 100, B=
135, E:= 10" "Jand ro= 10 at T= 300K and 365K,
respectively. Obviously, the Gaussian beam cannot
evolve into astable SP bright soliton in the crystal at
T = 300K. However, if the crystal temperature is
adjusted to 365K, the Gaussian beam can evolve into a
stable SP bright soliton in the crystal. Secondly, we
consider the case that the deviation comes from the
beam amplitude. In doing so, we take a Gaussian
beam U= (40) ]/zexp[ — 57/0. 43%] as the incidence
beam. Fig. 4a and Fig. 4b give the evolution of the
Gaussian beam in the crystal at 7= 300K and T =
317K, respectively. As we can see, although the
Gaussian beam cannot evolve into a stable SP bright
soliton at T = 300K, it can at T = 317K. T hese
results indicate that although a Gaussian beam cannot
evolve into a stable SP bright soliton in a crystal at
one crystal tem perature, it can evolve into a stable SP
bright soliton at another one temperature. T his
means that one can adjust the crystal temperature to

make an unstable optical beam become into a stable
SP bright soliton.
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Fig.3 a—an nput Gaussian beam U= (10)"2exp[- s%/0.83%] can
not evolve mto a stable SP bright soliton i a biased
photovoltaic photorefractive crystal with the parameters of a=
- 100, B= 135K and rgat T= 300K b—it can evolve into a
stable SP bright soliton in the crystal at T = 365K
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Fig. 4 a—an nput Gaussian beam U= (40) Y2exp[ - s2/0.432] can
not evolve mto a stable SP bright soliton i a biased
photovoltaic photorefractive crystal with the parameters of a=
- 100, B= 135 and ro= 10at T'= 300K b—it can evolve into
a stable SP bright soliton in the crystal at T = 317K

3  Conclusion

In conclusion, we have investigated theoretically
the temperature effects on the stability of bright
screening photovoltaic solitons in biased photovoltaic
photorefractive crystals under steady-state conditions
for the case of neglecting the material loss and
diffusion process. Our numerical study indicates that
astable SP soliton formed at a temperature tends to
be unstable at another temperature when the
temperature difference is big enough. There is a
stable temperature regime in which the screening-

stable

perturbations. An unstable optical solitary beam can

photovoltaic  solitons — are against small
evolve into a stable screening photovoltaic soliton by
adjusting the crystal temperature.

The physical factor related to the temperature
effects is the dark irradiance. As we know, for a given
physical system, including a given photovoltaic
photorefractive crystal, the biased voltage and the
intensity of the input optical beam, only one stable SP
soliton can form in it for a given temperature. The

spatial profile of the stable SP soliton , including the

maximum amplitude, width and functional form,
depends on the ratio of the input intensity to the dark
irradiance that varies with the crystal temperature.
Therefore, when the crystal temperature changes, the
ratio will change. As a result, the input beam will
evolve into another stable SP soliton when the
temperature difference is small enough, whereas it will
tend to be unstable when the temperature difference is

big enough.
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