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Abstract: The energy coupling efficiencyξof two-wave mixing (TWM) in Cu:KSNBN crystals was measured un-

der differen t experimental configurations, and the signal-to-noise ra tio (SNR) of the signal intensities was calcula ted

from the recorded time evolu tion of the intensities of the two coupling beams . The exper imental resul ts show that the

energy coupling efficiencyξincreases with the SNR by comparing the values ofξand the value of SNR of the signal in-

tensities, which is essentially consisten t with what was expected in theory for the reflected beams in the crystal affect

the volume refractive index grating to a much less degree at the configuration by design .
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光折变掺铜钾钠铌酸锶钡晶体中

双波耦合的信噪比研究
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摘  要: 测量了在不同实验设置下光折变掺铜钾钠铌酸锶钡晶体 (Cu:KNSBN) 中双波耦合的能量耦合系数ξ, 并

从耦合光波强度随时间变化的实验数据中计算了双波耦合信号光的信噪比(SNR)。对比双波耦合能量系数ξ和信

号光的信噪比(SN R),结果表明与理论预计的一样,随着信噪比的提高双波耦合能量系数ξ增大。这是因为设计的

实验条件大大地降低了晶体内反射光对立体折射率光栅的影响。
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  Photorefractive (PR) materials have been in-

ten sively studied for the sake of signal processing,

coheren t optical amplification, imaging and stor-

age
[ 1-3]
.Since PR ma terials could be u sed as optical

image processors, it is necessary to study the role

of optical noise in PR cry st als .When a PR crystal

is illuminated by ligh t, there will be scatt ered ligh t

caused by defects, impurities, and in homogenei-

ties inside the PR crystal, and beam fanning may

originat e from the ligh t scatte ring and Two-Wave

Mixing (TWM) between the signal beam and the

scatte red beams
[ 4]
, and self-defocu sing of signal

beam caused by the refractive index per turbation

Δn (if theΔn is negative) .All these optical signals

show up as noise and affect image processing .

Some techniques to s uppress or reduce optical noise

in PR crystals have been repor ted[ 5-7] . T he origin

of noise in the T WM process in PR crystals has

been mainly att ribu ted to self-fanning[4] .Vibration

is an obviou s origin of the noise, which is easily re-

duced by using a pneumatic isolated optical table .

1  Experiment Introduction

I t has been repor ted that the signal-to-noise

ratio (SNR) of photorefractive amplifiers in signal

processing applica tions could be significantly en-

hanced by tilting or rota ting the crystal [8-1 0] .

Using extraordinarily polarized beams, the origin

of noise in the TWM process in Cu:KNSBN crystal

has been studied and the optical noise was mainly

at tribu ted to self-fanning[1 1] .We believed that par t

of the optical noise of T WM due to the in teractions

between the multiple reflected beams and incident

beams .We have u sed several methods to reduce

this effect by tilting the crystal, rot ating the crys-

tal, and immersing the crystal in liquid s with dif-

feren t refractive indices . In this lette r we present

the relevant experimental results of the energy

coupling in Cu:KNSBN crystal .

2  Experimental Setup

In our experiment, we used a cubic Cu:KNSBN

(0 .03 % in weight) cryst al of dimensions a× b× c

= 5 mm×5 mm×5 mm . An ordinarily polarized

632 .8 nm He-N e laser beam was split into a signal

beam of int ensity Is and a pump beam of in tensity

Ip .Two photodiodes were u sed to record the time

evolution of the in tensities of the two coupling

beams . In our experiments, the experimental set-

up was essentially the conventional co-directional

scheme for t wo-wave mixing and we kept Is = Ip =

1 .5 mW, beam diameter 1 mm and the in tersecting

angle inside the cry stal 2θ= 20°.One set of experi-

ment with four different configurations has been

conduct ed to compare with the conventional T WM

experiment in air: (a) Tilting the crystal s uch that

the reflected beam s were not in the incident plane;

(b)Rot ate the crystal such that one of the coupling

beams w as perpendicular to the incident surface in

order to make the reflected beams of th is beam

were only in the incident direction;(c) Immer sing

the crystal in to wa ter of which refractive index

1 .332 ( la rger than that of air) to reduce the reflec-

ted beam intensity at the output face; (d) U sing

silicon oil with larger refractive index 1 .60 than water

instead of water to fur ther reduce the intensities of the

reflected beams .Fig .1 shows the setup of experiment,

and Fig .2 shows the setup of crystal .

  L1, L2, L3, L4: fo cusing le nses; M1, M2: Mir ror s;

ND: Neutral d ensi ty fil te r s; BS: Beam split t er; SB: Sign al

beam; PD1, P D2: P hotodiodes

Fig.1  Experimental setup for TWM in KNSBN crystal

3  Results and Discussion

In order to analyze the signal to noise ratio

(SNR), we developed a computer program to cal-

cula te SNR of experimental resu lts as follows .T he

sampling rat e was 10/ s . Choose any time int erval

including N data poin ts ( N: any value larger than

1, typical N-value was 100) from the whole data
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(a) T ilt th e crys tal ( side view); (b) Rot at e th e

cryst al ( top view) .

Fig .2  Setup of crystal

set, SNR is taken to be Ia/ Ir m s , where Ia is the av-

erage in ten sity value of N data poin ts, Ir m s is the

root-mean-square value of the deviation from Ia .

T he resu lts of SN R in selected runs are shown in

Fig .3, which demonst rates that the SNR was effi-

cien tly increased by u sing these methods .

Fig .3  SN R during the TWM process

I t�s easy to under st and the times of reflecting

of the ligh t beam in the crystal were greatly re-

duced by tilting and ro tating the crystal . And by

immersing the crystal into liquid, the in tensity of

the reflected beam was reduced . A simple estima-

tion below shows how the in ten sity of the reflect ed

beam is reduced by immersing the crystal in to dif-

feren t liquid .Let n and n0 be the refractive index of

the PR crystal without PR effect and of the medi-

um s urrounding the crystal respectively, the inten-

sity ratio between reflected beam at the output face

and incident beam at normal incidence is R =

(n - n0 )
2

(n + n0 )
2 .Assuming n = 2 .3 (a common value of

a PR crystal), n0 = 1 (crystal is placed in air), and

another case of n0 = 1 .5 (cryst al is put in a liquid

of which the refractive index is 1 .5, such as silicon

oil), the R value is 15 .5 % and 4 .4 % , respective-

ly .We see that the reflect ed beam is efficiently re-

duced by put ting the cry st al in a liquid of higher

refractive index than that of air .

As one can see in tab le 1, no matte r to weaken

the multiple reflected beam s whether by decreasing

the reflecting times or reducing the reflecting in-

ten sity, the energy coupling efficiency ξincreased

with the SNR, though it had differen t ext en t of af-

fection on the SNR andξwhen the reflecting beam

was reduced in diffe ren t aspect . According to our

expectation, the energy coupling efficiency ξ

should increase with SNR because the reflect ed

beams affect the grating to a much less degree .Ta-

ble 1 lists the values ofξin different experiments,

showing our experimental da ta are essentially con-

sisten t with the expectation .

Table 1  Values of energy coupling efficiency with

diffe ren t TWM configurations

T WM configuration ξ/ %

in air 7 �.0 ±0 .5

crystal til ted 10 *.9±0 .4

in water 13 *.3±0 .4

in silicon oil 17 *.5±0 .3

crystal rota ted 12 *.6±0 .2

4  Conclusion

To conclude, we have st rong evidences to sug-

gest tha t par t of the optical noise in TWM process

is experimentally to be the int eraction between the

multip le reflected beams and incident beams . T he

grating suffe rs less disturbance from reflect ed

beams, then SN R increased and the energy cou-

pling efficiency en hanced correspondingly .H owev-

er, SNR of T WM in rotated crystal is significan tly

la rger than that of TWM in silicon oil, whereas the

energy coupling efficiency of the latte r is much lar-

ger than that of the former .This phenomenon may

due to the special configuration of rotation of the

crystal: one beam is normal incident such that the

multip le reflected beam s are overlapped with the
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incident beam, and a complex refractive index grat-

ing may build up in the cry stal .

参考文献:

[1]  DAN C, WOLFERSBERGER D, FRESSENGEAS N,

et al . Near infra red photorefractive self focusing in

Sn2P2S6: T e crystals [ J/ OL] .Opt Express: 2007, 15

(20): 12777-12782 . http:// www .opticsinfobase .org/

abst ract .cfm ? URI = oe-15-20-12777 .

[2]  DEAN P, DICKINSON M P, WEST D P . Depth-re-

solved holographic imaging through scatte ring media

by use of a photorefractive polymer composite device in

the near infra red [ J] . O pt Let t, 2005,30 (15): 1941-

1943 .

[3]  DELRE E, CIAT TONI A, PALANGE E . Role of

charge saturation in photorefractive dynamics of mi-

cron-sized beams and depar ture from soliton behavior

[J] .Phys Rev E, 2006,73(1-2):017601 .

[4]  RESIDORI S, R AMAZZA P L, ZH AO M .Dynamics

of beam fanning in Cu-doped KNSBN[ J] . Opt Com-

mun,1993,102(1-2):100-104 .

[5]  JOSEPH J, PILLAI P K C, SINGH K . A novel way

of noise reduction in image amplification by two-beam

coupling in photorefractive BaTiO3 crystal [ J] . Opt

Commun,1990,80(1):84-88 .

[6]  JOSEPH J, PILLAI P K C, SI NGH K . High-gain,

low-noise signal beam amplification in photorefractive

Ba TiO3[J] . Appl Opt,1991,30(23):3315-3318 .

[7]  XU J, ZHANG G, LIU J, et al . Noise-free, high-

gain signal beam amplification using beam fanning in a

photorefractive KNbO3:Fe crystal[ J] . Opt Commun,

1994,107(1-2):99-103 .

[8]  R AJBENBAC H H, DELBOULDE A, H UIGNARD J

P . Noise s uppression in photorefractive image ampli-

fiers [J] . Opt Lett, 1989,14(22):1275 .

[9]  R AJBENBAC H H, DELBOULDE A, H UIGNARD J

P . Low-noise amplification of ult raweak optical wave

fronts in photorefractive Bi12 SiO20 [J] .Opt Lett,1991,

16(19):1481 .

[10]  SOLYMAR L, W EBB D J, GRUNNET-JEPSEN A .

The Physics and Applica tions of P hotorefractive Ma-

terials [M] . New York: Oxford University Press,

1996 .

[11]  RAMAZZA P L, ZH AO Ming-jun . Experimental

study of two-wave mixing amplification in Cu-doped

KNSBN[J] .Opt Commun,1993,102(1-2):93-99 .

01 浙江科技学院学报 第 20 卷


