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Self-deflection characteristics of bright photovoltaic

spatial solitons in closed-circuit realization
X

Liu Jinsong , Xu Jun, Zhou X iang

( Depar tment of Applied Physics, Xidian University , Xi. an, 710071)

Abstract: The sel-f deflection process of br ight photovoltaic spatial solitons in photovo ltaic photore-

fractive media is investigated by taking into account diffusion effects. By using per turbation techniques, it

is found that the center of the optical beam moves on a parabolic trajectory and, mo reover , the central

spatial frequency component shifts linearly w ith the pr opagation distance. Both t he spatial deflection and

t he angular deviation are proportional to t he product of two dimensionless quantities w hich are associated

w ith the diffusion and the photovo ltaic process, respectively. The photovoltaic solitons have a similar w ay

to screening solitons in sel-f bending process.
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闭路光伏明空间光孤子的自偏转特性

刘劲松  徐  军  周  翔

(西安电子科技大学技术物理系,西安, 710071)

摘要: 利用微扰方法,通过考虑扩散效应的影响, 分析了闭路光伏光折变晶体中的光伏明空

间光孤子的自偏转特性。结果表明, 光伏明孤子的中心沿着一条抛物线轨迹偏转, 中央空间频率

分量随传播距离线性移动。无论是空间位移还是偏向角都正比于分别同漂移效应和光伏效应相

关的两个无量纲量的积。闭路光伏明孤子具有同屏蔽明孤子相类似的自偏转特征。

关键词: 空间光孤子  光折变效应  光伏效应  自偏转

Photorefractive spat ial solitons have at t racted much interest in the past few years[ 1~ 10] . At

present, several generic types of scalar solitons are known: quas-i steady-state solitons[ 1~ 3] , screen-

ing solitons
[ 4~ 8]

and photovoltaic solitons
[ 9, 10]

. Whereas planar screening solitons have been pre-

dicted to occur in a photorefract ive material w ith an external applied field at steady-state w hen the

field is nonuniformly screened [ 4~ 8] , photovoltaic solitons have been predicted to occur and have

been observed in photoref ract ive materials w ith a strong photovoltaic current( LiNbO3) and refrac-

t ive- index perturbat ion associated with photovoltaic field is used to guide and confine the planar

photovoltaic soliton[ 9~ 11] .

As previously pointed out [ 12] , the diffusion process introduces an asymmetric t ilt in the light-

induced photoref ract ive waveguide, w hich in turn is expected to affect the propagat ion

characterist ics of photorefractive solitons. The effect of diffusion on the screening solitons has been
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studied, w hich result in a sel-f bending process of bright screening solitons in a biased non-photo-

voltaic photoref ract ive crystal[ 13] . In this paper, w e invest igate the ef fect of dif fusion on the photo-

voltaic solitons in closed-circuit realizat ion, w hich has not been revealed ever. By using perturbat ion

methods w hich involve the conservat ion laws of the nonlinear wave equat ion, w e find that the

bright photovoltaic solitons have a similar w ay to the bright screening solitons in sel-f bending pro-

cess, that is, the beam center shifts quadrat ically w ith the propagat ion distance, whereas the ang le

between the central w avevector and the propagat ion ax is varies linearly.

In order to analyze the sel-f def lect ion process of a planar bright photovoltaic soliton, let us

consider an opt ical beam that propagates in a photovoltaic-photorefract ive material along the z axis

and is permit ted to diff ract only along the x direct ion. Moreover, let us assume that the opt ical

beam is linearly polarized along x direct ion. Under these conditions, the perturbed ext raordinary

refract ive index is g iven by ( n̂e )
2= n

2
e- n

4
e r 33E SC

[ 14] , w here r 33 is the elect ro-optic coeff icient ,

ne is the unperturbed ext raordinary index of refraction, and E SC is the space-charge f ield induced

in this crystal. In typical photovoltaic-photoref ract ive media and for relat ively broad beam conf igu-

rations, under the case of taking into account dif fusion ef fects, the value of the induced space-

charge elect ric f ield can be directly obtained from the Kukhtarev-Vinetskii model[ 15] and it is ap-

prox imately given by    E SC = - E p[ I / ( I + I d) ] - ( k B T / e) # (5I /5 x ) / ( I + I d) (1)

w here kB is Boltzmann. s constant , T is the absolute temperature, and I d is the so-called dark irra-

diance that phenomenologically accounts for the rate of thermally generated elect rons. In Eq. ( 1) ,

I = I ( x , z ) is the power density prof ile of the opt ical beam and it is related to the slow ly vary ing

envelope U through Poynt ing. s vector, i. e. I = ( ne/ 2G0) | U|
2
, w here G0 = ( L0/ E0 )

1/ 2
, and

E p= kCRN A/ ( eL) is the photovoltaic field constant, w here k is the photovoltaic constant , N A is

the acceptor density, L and e are, respect ively, the elect ron mobility and the charge, and CR is the

carrier recombinat ion rate.

In turn, the envelope propagation equation can be obtained by subst itut ing the expression on

the perturbed refractive index ( induced by the space-charge field) into the parax ial w ave equa-

t ion. After appropriate normalizat ion, the envelope U obeys the follow ing dynam ically evolution e-

quat ion:  iUN+ Uss/ 2 + A| U |
2
U/ (1+ | U |

2
) + C(| U |

2
) sU/ (1+ | U |

2
) = 0 (2)

w here U= ( ne/ 2G0 I d)
1/ 2 U is the pow er density normalized w ith respect to the dark irradiance,

and UN= 5 U / 5N, etc. In Eq. ( 2) , s= x / x 0, where x 0 is an arbitrary spatial w idth, and N=

z / ( k0n ex
2
0) is the normalized coordinate, w here k 0= 2P/ K0 is the free-space w avevector of the

light w ave employed. The dimensionless quantit ies A and C are associated w ith the photovoltaic

and diffusion processes, respect ively, and they are given by A= ( k 0 x 0 )
2 ( n 4

e r 33/ 2) E p and C=

( k BT / 2e) ( k 2
0x 0n

4
er 33) . For the purpose of simplicity, loss ef fects have been neg lected in Eq. ( 2) .

When the diffusion process is neglected, w e can obtain the bright solitary w ave solut ions of

Eq. ( 2) with C= 0. That is , by expressing the beam envelope U in the usual fashion: U= r
1/ 2 @

y ( s ) exp( iMN) , substitut ing this latter form of U into Eq. ( 2) and integ rat ing Eq. ( 2) ( w ith C=

0) , w e can obtain the bright photovoltaic solitons as follow ing  M= - ( A/ r )ln( 1+ r ) + A (3)
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( Ûy ) 2 = ( 2A/ r ) [ ln( 1 + ry
2
) - y

2ln( 1 + r ) ] (4)

w here Mrepresents a nonlinear shif t of the propagat ion constant, y ( s) is a normalized real func-

t ion bounded betw een 0 [ y ( s ) [ 1 and r is defined as r = I max / I d> 0( I max= I ( 0) ) . In obtaining

Eqs. ( 3) and ( 4) , w e have employed the y-boundary condit ions, that is y ( 0) = 1, y ( s y ? ] ) =

0, dy / ds= 0 at s= 0. The funct ional form y ( s) of these sel-f trapped waves can then be deter-

m ined by numerically integrating Eq. ( 4) .

In order to invest igate the ef fects of diffusion on the propagation of these photovoltaic sol-i

tons, w e solve Eq. ( 2) by using perturbative procedures previously employed within the context of

nonlinear f iber opt ics[ 16, 17] . Keeping in mind that the beam evolut ion under the act ion of diffusion

is approx imately adiabat ic[ 13] , w e make the follow ing ansatz for the solut ion of Eq. ( 2) :

U = r
1/ 2
y [ s + u( N) ] exp{ i[ MN+ X( N) ( s + u ( N) ) + R( N) ] } (5)

w here U= r
1/ 2
y ( s ) exp( iMN) is the steady-state bright screening soliton of Eq. ( 2) w hit C= 0.

In Eq. ( 5) , u( N) represents a shif t in the position of the beam center, X( N) is associated w ith the

ang le between the central w avevector of this beam and the propagation ax is N, and R( N) is a phase

factor w hich is allowed to vary during propagation. T he equations of mot ion of these real variables

is obtained by substituting Eq. ( 5) into the tw o complex conservation law s of Eq. ( 2) [ 16, 17] . T hese

are established by mult iply ing Eq. ( 2) w ith U
* and U

*
s and integ rat ing over the coordinate s. A

st raightforw ard calculat ion y ields follow ing results:

du ( N) / dN= - X( N) (6)

dR( N) / dN= X2
( N) / 2 ( 7)

dX( N) / dN= 4CAk ( r ) (8)

w here the dimensionless funct ion k ( r ) is given by

k ( r ) = Q
+ ]

- ]
ds

2y 2
( s )

1+ ry
2
( s)

@ { y
2
( s) ln( 1 + r ) - ln[ 1 + ry

2
( s) ] } Q

+ ]

- ]
dsy

2
( s)

- 1

( 9)

F ig. 1 gives the dependence of the k ( r ) funct ion on r , and this funct ion reaches a max imum close

  

Fig. 1 Dependence of the k( r ) funct ion on r

to r = 10.

Integrating Eqs. ( 6) , ( 7) and ( 8) , w e have the fo-l

low ing equat ion of motion for X( N) , u( N) and R( N) :

X( N) = 4CAk ( r ) N (10)

u ( N) = - 2CAk ( r ) N
2

( 11)

R( N) = 8[ CAk ( r ) ]
2
N
3
/ 3 ( 12)

Eqs. ( 10) , ( 11) and ( 12) demonstrate that in the ab-

sence of dif fusion, i. e. C= 0, the variables X= u= R= 0.

On the other hand, be taking diffusion ef fects into account, Eq. ( 11) show s that the beam center

follows a parabolic t rajectory, w hereas Eq. ( 10) implies that the center spat ial f requency compo-

nent shift s linearly w ith the propagat ion distance. From these lat ter results, one quickly finds that

the beam has suffered a lateral displacement distance given by

x d = 2CAk( r ) z 2
/ ( k

2
0n

2
e x

3
0) ( 13)

w here z is the actual propagat ion distance. Moreover, the angular deflect ion, i. e. the ang le be-
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tw een the central w avevector of this solitary beam and the z-ax is can also be evaluated from

Eq. ( 10) and is given by        Hd = 4ABk ( r ) z / ( k20n
2
ex

3
0) ( 14)

It is to point out that w hether X( N) , u ( N) , R( N) or x d, Hd is proport ional to the produce of Cand

Awhich are associated w ith the dif fusions and photovoltaic processes, respect ively . As expected,

Eqs. ( 10) ~ ( 14) similar to Eqs. ( 6) ~ ( 10) in Ref . 13 and the reference describes the sel-f bending

process of screening solitons.

From Eqs. ( 10~ ( 11) , w e can def ine the normalized spat ial and angular f requency shif ts as

follow ing $s= - u ( N) / ( 2CA) and $ks= X( N) / ( 4CA) , respect ively. Fig. 2 and Fig . 3 give the

dependence of $s and $ks function on r , respect ively. These figures show that the center of the

optical beam moves on a parabolic trajectory and, moreover, the central spatial f requency compo-

nent shift s linearly w ith the propagat ion distance.

Fig. 2  Dependence of th e normalized spat ial

shift $s funct ion on r

Fig. 3  Dependence of the normalized angular

f requency shif t $k s funct ion on r

  In summary, the sel-f def lect ion of bright photovoltaic spat ial solitons arising from diffusion

effects has been invest igated by using a perturbat ion model. We have found that the center of the

solitary beam moves on a parabolic t rajectory, w hereas it s central spat ial frequent component shift s

linearly w ith the propagat ion distance. Obviously, in the absence of diffusion, the sel-f bending pro-

cess can not occur. The photovoltaic solitons have a similar w ay to the screening solitons in sel-f

bending process.
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带有金环的 CO2 激光器的着火及放电特性研究

陈肖燕  王欲知

(西南交通大学应用物理系,成都, 610031)

摘要: 将金环置于 CO 2激光器的放电毛细管中, 是近几年出现的一种新的 CO2 催化再生方

法,以 He, Ne两种气体为放电气体, 对带有金环的 CO2 激光器的着火及放电特性进行了实验研

究,结果表明: 与普通的 CO 2激光器相比, 加入金环的激光管中两种气体的着火电压及放电时的端

电压都明显地提高了。

关键词: CO2 激光器  放电特性  着火特性  金环

Study on discharge and break-down characteristic of CO2

laser with distributing of gold rings

Chen Xiaoyan , Wang Yuzhi

( Department of Applied Physics, Southwest Jiaotong University, Chengdu, 610031)

Abstract: In order to study the discharg e and break-down character istics of CO2 laser w ith dis-

tributing of go ld rings , a comparison experiment has been carr ied out with CO2 laser tubes- one w as typ-i

cal, the other was improved by putting a series of go ld rings in the discharge capillary . Two kinds o f gas-

e-s helium and neon have been used in the experiment. The results showed that both t he break-down

voltage and the terminal voltag e of the laser tube with gold rings ar e increasing significantly in

comparison w ith the tube w ithout gold rings.

Key words: CO 2 laser  discharg e char acteristics break-dow n char acteristics gold r ings

引    言

对于放电激励的 CO2 激光器, 始终存在着工作物质 CO2 由于电子碰撞而分解的问题:

CO2+ e y CO + O + e

这一反应通常在 CO2分解达 60%时才能最终达到平衡[ 1]。1985年,王欲知、刘建生采用玻璃

微孔对激光器早期过程进行了直接质谱诊断
[ 2, 3]

,结果表明, 对于纯 CO2 放电, 5min内的分解
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