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Incoherently Coupled Photorefractive Spatial Soliton Pairs Based on the
Combination of Pyroelectric and Photovoltaic Effect

SU Yan-li, JIANG Qi-chang, JI Xuan-mang
(Department of Physics and Electronic Engineering » Yuncheng University , Yuncheng » Shanxi 044000, China)

Abstract: Steady-state spatial soliton pairs resulted from the combination of pyroelectric and photovoltaic
effect were predicted for unbiased photovoltaic photorefractive crystals. The numerical solutions of
pyroelectric photovoltaic soliton pairs were deduced theoretically based on the incoherent coupling wave
equations. The intensity envelopes of soliton pairs were obtained by finite difference method. The results
show that the bright-bright soliton pair can be established in self-defocusing photovoltaic crystals when
the positive pyroelectric field is large enough compared with photovoltaic field. For the dark-dark and
grey-grey soliton pairs, the negative pyroelectric field can enhance the self-defocusing nonlinear effect and
reduce the full width at half maximum of soliton pairs. The full width at half maximum of soliton pairs
can be controlled by adjusting the value of the pyroelectric field. Moreover, the pyroelectric photovoltaic
soliton pairs can degenerate into pyroelectric soliton pairs or photovoltaic soliton pairs under a certain
conditions. The characteristics of photorefractive crystal LiNbO, can transfer from self-defocusing to self-
focusing by virtue of the pyroelectric effects, which can help to control the characteristics of soliton pairs.
Key words: Nonlinear optics; Photorefractive spatial soliton; Pyroelectric effect; Photovoltaic effect;
Soliton pairs
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diffraction effect is balanced by the nonlinear

0 Introduction photorefractive effect. The nonlinear photorefractive

Photorefractive spatial solitons can form when the effect represents refractive index change produced by
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the space-charge-field and this field can be induced by

three methods™ ™ ; external electric field, photovoltaic
field or pyroelectric field. In general, screening
solitons™" are possible in steady state when an

appropriate external electric field is applied to a non-

photovoltaic  photorefractive  crystal.  Photovoltaic

% are possible in an unbiased photorefractive

with effect.

solitons

crystal appreciable  photovoltaic

Furthermore, screening photovoltaic spatial solitons ™
applied to a
the

pyroelectric spatial soliton™*'* due to

can form when an electric field is
photovoltaic photorefractive crystal. Recently,
pyroliton, i. e.
the combination of pyroelectric field and photovoltaic
field has been investigated in unbiased photovoltaic
The
soliton can be formed by simple adjustment of the
The Ref. [13]

pointed out that the pyroelectric field can persist for

photorefractive crystals. pyroelectric  spatial

photorefractive crystal temperature.

several weeks if the dark conductivity is small enough.
Then, to a good approximation, pyroelectric field can
be treated as an external electric field. In other words,
the pyroelectric soliton based on the combination of
pyroelectric field and photovoltaic field can also be
called pyroelectric photovoltaic spatial soliton.

In this paper, we will prove that bright-bright,
dark-dark
spatial soliton pairs can exist in unbiased photovoltaic
that

and grey-grey pyroelectric photovoltaic

photorefractive crystals provided two optical
beams have the same polarization, wavelength, and are
mutually incoherent. The properties of these soliton

pairs are discussed in detail.

1 Theoretical model

Two optical beams propagate in an unbiased
photovoltaic photorefractive crystal along the z-axis and
are permitted to diffract only along the z-direction.
The two incident beams have the same polarization,
wavelength, and are mutually incoherent. The crystal
is placed between an insulating plastic cover and a
metallic plate whose temperature 1is accurately
controlled. As usual, the optical field are expressed in

terms of slowly varying envelopes ¢ and ¢, i.e. E, =

aArcp(x,z)cxp (ikz) and EZZJAl‘g[}(I,Z) exp (ik2), where
2r/Ag) n. s n,

is the unperturbed index of refraction, and A, is the

k is the wavenumber given by 2=k, n. =

free-space wavelength. Under these conditions, two

optical beams satisfy the following envelope evolution
[14-15]

equations"
. 1 8'0 kon'ryE.
19%%%?—7“" TuSe =0 (D
konl i E.
i+21kair e e =0 (2)

r5; is the electro-optic coefficient, E. is the space-

charge field. In unbiased photovoltaic photorefractive,
the space-charge field E.. consists of two parts™ '*

1 ol
ES Y (3

Here, the former represents the space-charge field

E.=—FE

originated from the photovoltaic field E, and the latter
represents the space-charge field originated from the
pyroelectric field E,, resulted from temperature change.
I(x,2) = (n/29) ( | go‘ 2+ | (/;‘ ®) is the total optical
intensity. I, is dark irradiation, ¢ is a parameter related
to the character of crystal and satisfies conditions of ¢I/
I,<1.

Substituting Eq. (3) into Eq. (1) and (2), and
adopting the dimensionless coordinates and variables:
s=x/x,, E=2/(ka}) o= o Li/n)'"" U, = Cyp L/
n)'"*V, x, is an arbitrary spatial width, the dynamical

evolution equation of soliton pairs can be obtained as

following
a§+ 2 HIVIHU+
“‘]‘ 0T ‘ “‘;‘ZU:O 1
i 2t 2V s U+ VIV
: 2
UL o
where f=o7E,,sa=7E,,t= (k,x, Y (nlry/2). In the

following sections, we will discuss the possible soliton

pair solution of Eq. (4) and (5).

2 Bright-bright soliton pairs

The
considered firstly.

bright-bright
In this case, the bright solitary
(4) and (5) can be obtained by
expressing the beam envelope U and V in the usual
fashion: U=7"?y(s)cos (M exp (&) and V="r""y(s)
sin (@) exp (wS).

propagation constant and y (s) is a normalized real

case of soliton  pairs is

wave solution of Eq.

y represents a nonlinear shift of the

function bounded as 0<{y(s)<{1, and is required to
satisfy the boundary conditions of y(0)=1,5"(0)=0
and y(s—>=+oc0)=0. The positive quantity » is defined
as r=100)/1,.
Direct substitution of these forms of U and V in Eq.

@ is an arbitrary projection angle.

(4) and (5) lead to the following differential equation

2

dy ry
e 2 =2uy—2Bry’ — - (6)
By integrating Eq. (6) once and by employing the y-

boundary conditions, it can be found

V:&—%Dn(l+7‘)—r] 7)
(2) =3 =5+ 21y —
V' In(1+] (8)

y(s) can be easily obtained by use of simple numerical
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integration procedures. To illustrate the results, we
consider the following example: let A, = 0. 532 pm,
2,=20 pym, 6=0.5, §=30°, r=1. The LINbO,
parameters are taken here to be r,; =30X10""” mV~',
E,=—2X10° V/m, E,=5X10" V/m, n,=2.2. For
this set of values, we have a= —39. 2,8=49. Fig. 1
depicts the intensity envelopes of bright-bright soliton

pairs. Note that, all previous observations* '*!

indicate
that LiNbO, has a negative perturbation of refractive
index because of the negative photovoltaic coefficient.
Here we can obtain bright-bright soliton pairs by the
parameters of LiNbO, through the large positive
pyroelectric field resulted from temperature increase. If
the value of the pyroelectric field is decreased, the self-
focusing nonlinear effect will decrease consequently and
the FWHM of solitons will increase as shown in Fig. 1
(b). In other words, the formation of bright-bright
soliton pairs requires that the positive pyroelectric field
is larger than negative photovoltaic field, and so the

right value of Eq. (8) is positive.
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Fig. 1 The intensity envelopes of soliton pairs

3 Dark-dark soliton pairs

Similarly, dark-dark soliton pairs can also be
analyzed. Let U=p"" y(s)cos (Dexp (inf) and V=p"*
y(s)sin (@) exp (ipx&) s where p represents propagation
constant and y(s) is a normalized odd function of s, and
is required to satisfy the boundary conditions of y(0)=
0, y(s—>=+oco)=21 and all the derivatives of y vanish
at infinity. p=1../1,, 1. =1(s—> =+ 20) indicates that

the intensity of the dark soliton beam attains

asymptotically a constant value at infinity. From Eq.

(4) and (5) the dark-dark soliton pair should satisfy
dy P s 1Nz yz—lii 1+0y

() =—ar —1 =24 T, )]

Eq. (9) can be numerically solved and then the

pair components can be simply obtained through a @
projection. Such a solitary-wave pair solution with or
without pyroelectric field is shown in Fig. 2, where,
a=—39.2,p=1, §=30° Tt shows that the negative
pyroelectric field can enhance the self-defocusing
nonlinear effect, and reduce the FWHM of dark-dark
soliton pairs. Moreover, we can find that the formation
of dark-dark soliton pairs requires that the right value
of Eq.
adjusting the value of a,p.

(9) is positive, which can be obtained by
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Fig. 2 The intensity envelopes of dark-dark soliton pairs
4 Grey-grey soliton pairs

Finally, grey-grey soliton pairs are also possible.
The solution of grey-grey soliton pairs can be expressed

as following

v 2 . Qds
UG, =" y(s)cos (@) exp [1(#s+_{y—z(.§)ﬂ (10)
Y e . - Qds
V(s.8)=p"" y(s)sin (D exp |:1(Iu$+ Jyz(s) >} (1D

where Q is a real constant to be determined. y(s)is a
normalized even function and satisfies the boundary
conditions; y(s—>+tc0) =1,y (0) =m(0<m<1), m is
the grayness of the solitons, y" (0) =0, y™ (c0) =0
(n=1). By substituting Eq. (10)~(11) into Eq. (4)
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and (5), we find that the normalized soliton envelope

y(s) satisfy

the crystal temperature is unchanged.

be reduced when the pyroelectric field is negligible i. e.
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