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Temperature dependent photorefractive properties of
Ce-doped KNSBN crystal
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Abstract Two-wave coupling and fourwave mixing phase conjugation properties of Ce-doped
KNSBN crystal are investigated at 632.8nm as the temperature increases from 30C to 95C. Twe-wave
coupling experiment shows that both twe-beam coupling gain coefficient I' and the response speed of the
crystal can be enhanced by several times when the temperature is elevated to 95°C. The four w ave mixing
phase conjugation reflectivity increases from 4% to 14% in this temperature range.
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Introduction

The effect of temperature on photorefractive process is a significant problem in
photorefractive nonlinear optics. The role of the temperature in photorefractive effect has been
investigated in different photorefractive crystals such as BaTiOs' "%, LiNbOs! ¥, GaAs!*!, CaP!”
and InP'®'. Various behaviors of temperature dependence have been observed in these crystals.
Earliar work on BaTiO3 shows that the time response of the crystal always increases or decreases
with temperature, while its two-beam coupling gain coefficient may, depending on the sam ples

[1,2]

used, increase or decrease with temperature "“'. Liu Jinsong investigated the temperature

dependence of twe-wave coupling and fourwave mixing phase conjugation of Ce: LiNbOs' "®,
showing that both two-beam coupling gain coefficient and fourwave mixing phase conjugate
reflectivity can be enhanced by several times when the temperature is elevated from room

temperature to 70 C.
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In this letter, we report investigations about the temperature dependence of the twewave
coupling gain and response time in a Ce-doped KNSBN crystal. A decrease by several times in
response time and A 2. 3-fold increase in gain coefficient are obtained as the temperature increases
from 30°C to 95 C. The reflectivity of this crytal as four-wave
mixing phase conjugator also increases in this temperature

range.

1 Experimental results

Fig. 1 shows our experimental setup used to study the

effect of temperature on two-beam coupling in Ce: KNSBN P.
The Ce-doped KNSBN crystal we used is grown at Institute of Fig. 1 Experimental sctup of twe

beam coupling in Ce :
KNS BN
dimensions of 10mm x 10mm x 2mm"!. Its 10mm edge is along the eaxis. It was put in a small

stove H. The temperature of H was controlled by a thermal monitor C ( WMNK-402), its
resolution temperature and controlling precision were 1 Cand 0. 1°C, respectively. S was a 30mW

TEM o He-Ne laser at 632. 8nm. G, N, BS, M and D are the Glan prism, neutral decay filter, beam

Crystal M aterials, Shandong University. It is normally cut with

2.6 splitter, mirror and detector respectively. In the twe-wave

- coupling measurement, we use O-polarized beams to diminish

the fanning effect. The signal beam /20 is two times thinner

:1.8 than the pump beam 7. The intensity of the pump [ is

14 320m@m2. The pump and signal beams are sy mmetrically
incident on the aface with a crossing angle 20= 20°.

1.020 40 60 80 100 T he experimental results are given in Fig. 2. It can be seen

e that the beam coupling strength I'L ( L is the interaction length
Fig. 2 Beam coupling stregth I which is a constant, but cannot be determined precisely) and
of twe-wave coupling in

the Cé KNSBN crystal v the twe-beam coupling coefficient I' increases with
temperature T temperatare. 'L, increases from 1.1 to 2.4 when the
temperature is elevated from 30 C to 95 C. As shown in Fig. 3, 4

the response time measured in the twe-wave coupling
experiment decreases monotonically with temperature. Here the
response time is defined as the time duration between ¢= 0 and

the moment the amplified signal rises to the (ke ') level of its

response time(s)
w~

saturation value. In the above temperature range, the time is

reduced by more than two times. 0
20 40 60 80 100

In the next experiment, we investigated the variation of 1(C)
four wave mixing phase conjugation properties of the crystal _ _
Fig.3 Respone time of twe-beam

when the crystal temperature was elevated. Fig. 4 shows our coupling in the Cé KNSBN

experimental setup used to study the effect of temperature on arystal vs temperature T
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fourwave mixing phase conjugation. Three beams of 632. 8nm coherent light from a 30mW He
Ne laser are incident on a Ce. KNSBN sample and enter the crystal as the extraordinary rays. The
beam intensities are measured by a detector. The thickness of
the sample is nominally 2mm and the two polished surfaces

have cross sections of 10mm X 10mm. The power densities of

single 14(0) , forth pump 71(0) and back pump beams I>(d)

are 16, 25 and 1050mW/cm” in the crystal, respectively. The

cross sections of the three beams are all 0. 15cm’. The angle

Fig. 4 Experimental setup of the four

. e ohas . between single and forth pump beams in the crystal is 20°.
wave couping phase conjugate

in Cé KNSBN The sample P is put in a small electric stove H. The

temperature of the stove is controlled by a thermal monitor. Its resolution temperature and
controlling precision are 1 C and 0. 1 C |, respectively. 16

Fig. 5 gives our experimental results. The data clearly show i;
that the effect of temperature on the four-wave mixing phase L 10
conjugation of CeZ KNSBN is very large. When the temperature K8
is elevated from 30T to 957C, the fourwave mixing phase Z.
conjugation reflectivity increases from 4% to 14%. 2t

T he origin of temperature dependence of photorefractivity 020 40 60 80 100
of CeX KNSBN is unknown yet. D. Rytz et al'’ have observed o)
that the effective electrie-optic coefficients of their undoped and Fig. 5 Tempemture dependence
M i doped BaTiO3 crystal increase with t@oerature ,resulting in Zre Ie?f;lgg;\f r]:ufa :]:
enhanced twe-beam coupling gain coefficierits of these crystals at mixing phase conjugate

elevated temperature. This may also be the cause in our Ce: KNSBN crystal. The increase of

electrie optic coefficient at elevated temperature may be due to thermatinduced lattice distortion.

2 Conclusion

In conclusion, we have shown the temperature dependence of pthotorefractive properties of a
Ce-doped KNSBN in twe-wave coupling and fourwave mixing phase conjugation experiments.
Our experimental results show that both the photorefractivity and time response of the crystal can
be significantly enhanced at elevated temperature. This property of temperature dependence
provides a useful means for us to improve the performance of Ce: KNSBN crystals in practical
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A software for laser beam analysis

Li Lun, Gong Mali, Liu Xingzhan, Li Zhenyu, Wang Yuxing

(Department of Precision Instruments, Tsinghua University, Beijing, 100084)

Abstract T his paper describes a laser beam quality analyzer based on CCD, computer and
MATLAB. The detailed composition, basic function and characteristics of the software are presented.
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Fig. 1 System sructure
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