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Modulation instability of broad optical beams in biased two-photon
photovoltaic photorefractive crystals

JI Xuan-mang' , JIANG Qi-chang' ,LIU Jin-song”
(1. Department of Physics and Electronic Engineering, Yuncheng University, Yuncheng 044000, China;
2. College of Optoelectronic Science and Engineering, Huazhong University of Science and Technology , Wuhan 430074 , China)

Abstract : To study the modulation instability of one-dimensional broad optical beams in biased two-photon photovolta-
ic photorefractive crystals under steady-state conditions, we obtain the one-dimensional modulation instability growth
rates by globally treating the space-charge field. The characteristics of the one-dimensional modulation instability
growth rates have been numerically investigated. The numerical results show that the modulation instability growth
rates will increase as the external electric field enhancing for positive electric field whereas the growth rates will de-
crease as the absolute value of the external electric field enhancing for negative electric field when the incident optical
intensity is a constant. When the external electric field is given,the modulation instability growth rates will increase as
the incident optical intensity enhancing. When the external field is absent, the modulation instability in two-photon
photovoltaic photorefractive crystals can be deduced. When the photovoltaic effect is neglectable ,we obtain the modu-
lation instability growth rates in biased non-photovoltaic photorefractive crystals.

Key words : nonlinear optics ; modulation instability ; two-photon photorefractive effect ; spatial solitons

1 51 &

ST 252 [ I0 T % B LA L phy T HLTE 4296 IF EETR 105787545 KM 25491 H ( No. 200611042)
‘ s : o it

N NPIR A Sk ; =
R HEBREOEEH RSN AR ER R, O PEEM A F 1 (1965 - ) | 55, B0BE, T2k, S
SHE T Z K0, &5 R ik, &l 11

S AR AR LR M E2A 5T . E-mail ; jixuanmang@ 126. com

SEAAE AR AR TE BRI AR T ORI A e F1 8 :2011-03-24 ;1837 B 83 :2011-04-22



Bt 5 40 4h No.8 2011

TEAE UL A b A Hh SE O SR 3 AR R 905

BRHOGRIT SR RSB AR A 2 N, —
Mttty IR 1Y AR 5 BT I8 1Y R S AR E A
Sl R A R A ﬁfﬁfi#ﬁﬁ
MOECHRAE B RN BT L 7, CR & T = BT
FEPE T A A TE i — mﬂﬁ*ﬁfij‘ﬁ?%%ﬂ?ﬁ B
PR b, 33 26 Hy AN BoE R i = A2 1 8 AR ED
SRR INT T 5 . W T REBEAEL IR
%%ﬁ%ﬁﬁf%n_ﬁﬂfﬁﬂfﬁ PE. B HATNIE,
XA AR E I O AT SE g s e i

AE SRR B RO G AR A B SR et B rh )iz
wEgEe

EIRWFICES R ET XS HOG OGS A 4, 2003 A
Castro-Camus 5 A 4R H T XOGFICHT AR, bt
J& BT ROE T A BRI B AR T R AR
T BRBOERINTT T AR AR R . 2008 4, Ko-
nar 25 N\ UBIFSE T A8 (6] LA S 7 SR S A BE AR T
JEHRAETF B UG FCARGHT AR d A 1) ] il A Fe e
PEo X EE R B B A1 R OGIRAE RO T A8
A B IR AR E MR TS . AR SCER XA
(] F fer S AR R SRy S P A B O, S SR AE S
G ORI E A b R SRR 2 P A TR
%, BN RO 3 B 5 1 5 5 LU AE A A2 1k
X A i AR E T ) 50
2 EAXRER

R AEA S 3 1) WU T AR 3T 4 LiN-
bO, fiir, —JAUALE x J5 ) bR A AT 5 R 4 iy
a2 ARG o AU IRAR J5 o1 AT T (o SR AR
(1 ¢ ) AN S & O, R R A 5
AR RIS 806 1 . ASHDEREDES
T L U FR N E =5 (2n0,/n,) U(x,z) -
exp(ikz) , Hif k =kon, =27n,/Ay,n, RS AR
JEIHTH R A WASIEHRIE A B K. A
SICRE R L, 68 R AT IS R O Lok E L L, =
UL, o TEXEEAMET , ASHGHUH L T Ifi i 4%
HAL TR

iﬁ LM Lk()n rE,U=0 (1)

2k o’
TERRA LT, 2 (1) v iy 2 8] i i 37 7] i
Castro-Camus B TEHF AR 25 1

ES(T =

2
[E07'<1+|U| to)

W1’ +o+1UI")7
(1+1u12)y ~ T ]

(1+1U1%)

alo(1UI?)/ox]

[1 £0E, &E] kyT

eN, ox e (1+1UP+o)(1+1UI? )
kBTSOSr &€, 8Es(' (9 Est‘
AL AN 8
e eN, eN, ox ox

XEARBNU(x,2) EFEFDER, 2 x— o0 I,
(UI? =0, ky SEBRZERHHLT RABIIHFRIE S &
&, 73 pil e B TR LA R 8 e S HEA L fif S
= kyN,/eu J& AR ICIR T, Ey RSN, ik
XS E, (v—+0 ) =E,, o=y,N,/s,1,;, =
vN/By,m=1/(1 +0),m=8/(s1, +B,),s; F s,
FOCHUBRT LB, AN B, 4B AN B rh Rl BE AN
(] BER B T (19 2 PR TR sy, By, 4300 02
SR, A BEG B Al A0Sl B R S
o Ny R E(SERE) %R,

XFT UG, 4% U fE— &0 EN S « TG
K PRI A (1) P AT S 3, D7 #2 (2) TR iy E, A
| UV F A T0RT LA 220 FE X R B0, 7 A2 (2)

Al LIS 3275 A L far S A F
E, =
(1+1U1” +0) lUI(1+0 +1UI%)
[ £ a+1u?)y T asu?) ]
(3)
FE(2k) N (9U/ox*) =0 [ITEBL R, FRE(1) Y
it
U=r"-

exp{ —iBz[EOT (+r+a) 1(;lt)0-) -E,n ril+r+a) 1(;_::)0-)]} (4)

Hr B = (kongrsy ) /2, IEHI & r = L/L, AR F 671
JiE SRR R R H . O T BRI R E 1, IR
JrFE(4) SR G AN -

U=[r'"+6(x,z)] -

exp{ 1,8z[EOT % -k %] } (5)

Horr,6(x) BFE AW, PRE 6 (x) LLfEF
/NI, 18(x) | <r'? o fBE 2 A 8 ()
U A, B R R

8(x) =a(x)exp(ipx) +b(x)exp( —ipx)  (6)

TR TR (2) 1 B A [R] L A7 3 40
7 (AR SRS P TR ) N PR B R, JE T RE(S)
AT F(2),IF B 8 Lttt 152 LTS
G

(B LTS e
P 4o g ~BE(r +8) =0 (7)



906 ot 5 4 s

415

IE_ TE
E-aqg%& _, %22
“a M&xz
r1/2 T (96 (98*
S Eaarer) + 2+ T ] (8)

HH,E=E, -Eyc(1 +r+0)/(1 +71) +Eqr(1 +
r+a)/(1+r) ,Ey =E;a/(1+1) +Eq[(1+7) +

ol/(1+r),a=[E,s(1 +r+0)/(1 +r) -
Eomr (L+r+0)/(1+r) ][ gye,/(eN,) ],
w=(kyT/e) [ 802,/ (eN,) ]

23 (A1 ML B RS [ e & 703 3580 ke, W LA
A 8 L AR A )

+

= _Jw[aexp(ipx) +bexp(ipx) Jexp( —ik,x)dx

(10)
M5 RE(10) RERSTS 21 -

5+6° =2m[ (a+b")8(k, —p) + (b +a" )6k, +p)]
Hdr 6(k) J2—

P 2 By +kEna(l +a+7 +1a)/(1+1) +il akyk, +k, (k,T/e)a(1 +nk)/(1 +r+0) ]
1+r{ (1+uh?)? + o’k

A delta BEL, 416+ R AR

}x(§+éx) 9)

(9) JF#E47 2 Fourier 1258, AT LA 2 %3 8] #L £ 47 19

SR
B=e A6 (a s b7 )00k =p) + (a1
3k, +p) ] (1)

b,

G(p) =B7 :rrx{

IR FA2)AATTR(T) H, RARE
2RI, ﬂuﬁ%%ﬂ?ﬁﬂ*ﬁAﬂﬁﬁ“ﬁﬁ

. da
L 2ka+G(p)(a+b ) =0
" (13)
idi 2kb+G(p)(b+a ) =0
M5 (13) FRATTAT LAAS 3
d’a ¢
E=[_G< P e
(14)
P P
[ ¢ )_4k2]
ik%i& P ) S B E PR K R T, nl O R
(14) #4511
ra=ref[ e -15] | (15)
Horp Ref | AR
3 BESH
h 7RI R PR A RO AR R
) LiNbO, fhik, 8 F" in =2 27, r, =

30x107"” mV ™' E, =4 x10° Vm ', N, = 10" m "’
e, =30, HfhZ & H A, =0.5 um, T =300 K, n =
1.5x107*,0 =10", %Uﬁﬁﬁit‘%i AT B =
2.0x107° V! k=276 x10" m™"' 7 =1.0 x10*, &
1(a) FIE 1(b) 73525 1 T XOEFE4r 48 LiNbO,
M E =4 x10° Vi ™', r =2 i} E, g =ANIERIER =
ASELAIE DL T E SRy Sl 98 ) AR PR R A
N p/k WIREL, AT LAE Y, ANTe A0 L 37 BB an e,
A3 R AR T3 KR B p/k (38 N AR )

E,, +E],7)ap(l +o+or+r)/(1+r) +i[ (aE, +k,T/e)p +,u(kBT/e)p30'/(l +r+0) ]
(1+,u,p2)2+a2p2 }

(12)
AR 1EE 1 (a) H, ﬁI\JJHEE%ﬁIEHT ABAE
AERAIIA 2 i 0 2 8], I8 ) AN P I R AR B 19
BTN R . AER 1(b) NI o0 G, 4
HIAFEVESE KRB E, A2 XHERIHEINNAS /N

5000

~---E=1000 kV/m
4000 | 1\ — E;=2000 KV/m
—-- E;=3000 KV/m

w
(=3
(=3
S

2000

MI gain/m

1000

0 4 .
0 0.050.1 0.15 0.2 0.25 0.3
p/k

(a)

3000
3 - E=1000 kV/m
2500 7‘;l — E;~2000 kV/m
L E,=3000 kV/m

i
2000 H\™

15001 +

MI gain/m™

1000

00 0.05 0.1 0.15 0.2 0.256 0.3
p/k

(b)
1 r=2,E, =4 x10° Vi~ Il R )
B RAE R p/k 1 KT
Bl 2(a) fIE 2(b) 53525 1 T XL A8

LiNbO, ffA24 E, =4 x10° Vm ™", E, =2 x 10° Vm ™'
Bfr>1 Flr < 1 1 O0 T 35 J5 3800k 98 i A fe e v

I 68 p/k kg, HEHRTLUE 78 r>1 5
r<VAHEOCT , AR E PR K R p/k (7R



O RS AN )

No.8 2011 TRTEEE  BOE TR f A S8 o (0 R R R R e 1 907

AR AL S 1 p/k U RE RAE I, P86 A
T PRI IR BE r A3 TR

6000

5000} p

MI gain/m™
DN w >
(=3 (=] (=3
(=] [=] (=]
(=] (=] (=}

1000

0
0 0.050.1 0.15 0.2 0.25 0.3

MI gain/m

B2 E,=4x10° V™' Ey =2 x10° Vi~ if e o e A v
A PER K SR AR « 1 R AR
TERGE, AR 2GR, B E, =0, =
(12) F=C(15 ) af 45 204 f Lk 1) 8O6 T A6 06
A8 i A R S PRI Sy B A RS 1 R K
o BIS3HMTHE, =0,r =2 It} E;, =AY
TEARLF A SR S T ) AN S R IS A prk 1 BR
o FTUUE M ARB SISO T , R
AT VERG R AR p/k WA A [R] (4 A2 4 O
Fo ANIBRTEMAIL 2 5 45025 8], P8 A Fe e Mg K
AR E, W8G2 A 3 o %, Rl
Ey =0, i3 (12) M (15) al 45 2] #1006 56K
AT AR db AR v T D' TR SRy A S R M
K, E4HHMTHE =0,E, =4 x10° V/m itk )5
SR B AT E PR RN p/k 1 BRE

1500
. - E=1000 kV/m
i — E;=2000 kV/m
= == E=3000 kV/m
= 1000fi
= i
= ;
<
w0 H
S 500
ol

0 --’-(-)-.A05 0.1 0.15 0.2 0.25 0.3
p/k

K3 r=2,E, =0 B3R JEa i

AT B ISR RAEA p/k 1 R %L

4000

1

w
(=3
(=3
(=]

, i TN

2000 f! e

MI gain/m"

woof T

0 0.050.1 0.156 0.20.25 0.3
p/k
K4 r=2,E, =0 KRR
AR RAER p/k B PREL
4B #

WHFE TR OL T —4E SO RAEA i 0L T
SR AL R B 38 ) AR E M. DFST AR
W1, SRS 0S5 0l 2 19 A2 A 9 ) AR E 1
RRABRIIE . G ASCHRE B 45 E Sk
T EL 37 0 EAELINT Tl AN A P ) 984 SR Bt v 334
TSR, NI 370 S (R, PR ANERE PR
REESNIN L P 4 RHE RN o AESM I )
25 TE I, PR AN R RE A 3 I 3R B A D 58 1) 3 K T
e AN Z I, R A 2 ] B SO TOBAR
JeHT AL S AR IR B AT E VR R . S22 mOLIRAL
IO, ) A i A E AR A A i 1 rh R A RS
PE RIS KR 2

S 3k

[1] Segev M, Crosignani B, Yariv A. Spatial solitons in pho-
torefractive media [ J ]. Phys Rev Lett, 1992, 68 (7).
923 -926.

[2] Duree G C,Shult J L, Salamo G J, et al. Observatiom of
self-trapping of anoptical beam due to the photorefractive
effeet[ J|. Phys Rev Lett,1993,71(4) ;533 —536.

[3] Christodulides D N, Carvalho M. Bright, dark and gray
spatial soliton states in photorefvactive media[J]. J Opt
Soc Am B,1995,12(9) :1628 —1633.

[4] Grandpierre A G,Christodulides D N, Coskun T N, et al.
Gray spatial solitons in biased photorefractive media[ J].J
Opt Soc Am B,2001,18(1) .55 - 63.

[5] Valley G C,Segev M, Crosighani B, et al. Dark and bright-
photovoltiaic solitons [ J]. Phys Rev A, 1994,50 (6) .
R4457 - R4460.

[6] Segev M,Valley G C,Bashaw M C, et al. Photovoltaic spa-
tial solitons [ J]. J Opt Soc Am B, 1997, 14 (7).
1772 - 1781.

[7] LiuJ S,Lu K Q. Screening-photovoltaicspatial solitons in
biased photovoltaic-photorefractive crystals and their self-
deflection[ J].J Opt Soc Am B,1999,16(4) :550 -555.

[8] Hou Chunfeng, Yuan Baohong,Sun Xiaodong. Incoherent-



908

O RS AN

415

[10]

[11]

[12]

[13]

ly coupled screening-photovoltaic soltion pairs [ J]. Acta
Physica Sinica,2004,49(10) :1969 - 1971. (in Chinese)
BN, R REL, PG 2. A T HE 5 B A IR KT x
[J]. Pr¥i2£4R ,2004,49(10) 1969 —1971.

Ji Xuangmang, Wang Jinlai, Liu Jinsong, et al. The tem-
perature dependence of incoherently coupled bright-dark
screening photovoltaic soliton pairs [ J]. Laser Technolo-
gy,2004,28(4) :386 —389. (in Chinese)
LT, EAk, XIS, 45, AEA TR A 8 - W il
AR X B BE R PE LT ] BOB AR ,2004,28 (4)
386 —389.

Carvalho M I, Singh S R, Christodoulides D N. Modula-
tional instability of quasi-plane-wave optical beams biased
in photorefractive crystals[ J]. Opt Commun, 1996, 126 .
167 - 174.

Lu K Q,Zhao W, Yang Y L, et al. Modulation Instability
in biased photorefractive-photovoltaic crystals [ J]. Chin
Phys Let,2004,21(6) :1086 — 1088.

Wang H C,She W L. Modulation instability of broad opti-
cal beams in nonlinear media with general nonlinearity
[J]. Chin Opt Lett,2006,4(2) :108 —110.

Wang H C, She W L. Modulation instability and interac-

tion of non-paraxial beams in self-focusing Kerr media

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Opt Commun,2005,254 ;145 - 151.

Castro-Camus E, Magana L F. Prediction of the physical
response for the two-photon photorefractive effect[ J]. Opt
Lett,2003,28(13) : 1129 - 1131.

Hou C F,Pei Y B,Zhou Z X, et al. Spatial solitons in two-
photon photorefractive media[ J]. Phys Rev A,2005,71
(5):053817.

Hou C F,Zhang Y, Jiang Y Y, et al. Photovoltaic solitons
in two-photon photorefractive materials under open-circuit
conditions[ J]. Opt Commun,2007,273 544 - 548.
Zhang G Y, Liu J S. Screening-photovoltaic spatial soli-
tons in biased two-photon photovoltaic photorefractive
crystals[ J]. J Opt Soc Am B,2009,26(1):113 -
120.

SuY L, Jiang Q C,Ji X M. Higher-order space-charge
field effects on the self-deflection of two-photon bright
screening-photovoltaic spatial solitons [ J ]. Phys Secr,
2010,82.:035401.

Hong W P, Shwetanshumala, Konar S. Modulational insta-
bility of optical beams in photovoltaic and photorefractive
media due to two-photon photorefractive effect under open
circuit condition [ J]. Opt Commun, 2008, 281 ; 5864 —
5869.





