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Frequency-dispersive method for improving broad-band
SBS phase conjugation of Cr:LiSAF laser
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After passing through four dispersive-prisms, the @-switched Cr:LiSAF laser with broad frequency band is
focused into carbon disulfide (CS2) to produce backward stimulated Brillouin scattering (SBS). Our exper-
imental results and illustrative analysis have shown that this frequency-dispersive method can efficiently
reduce the broad-band SBS intensity threshold, compress its pulsewidth, and improve the beam quality.

OCIS codes: 190.0190, 190.5040, 190.5890.

The tunable Cr:LiSAF solid laser with wide fluorescence
band!! will be applied largely in many fields, such as
atmospheric pollution monitor and undersea communi-
cation. But now most of Xe-lamp-pumped Cr:LiSAF
lasers are multi-transverse and multi-longitude mode
systems!?!, unsuitable for efficient driving of nonlinear
optical harmonic processes!®l. So the application fields of
this kind of laser will be limited. In order to improve its
beam quality, we have used stimulated Brillouin scatter-
ing (SBS) phase conjugation method in the broad-band
Cr:LiSAF laser system.

As we know, narrow-band SBS is easy to realize
low threshold. But many experimental investigations
have shown that broad-band SBS has a very high
threshold!*?.  The high pump intensity often gives
rise to other nonlinear effects that compete with SBS,
such as stimulated Raman scattering (SRS) and opti-
cal breakdown[®. So the phase conjugation of broad-
band SBS is poor. M. R. Perrone and Y. B. Yao set a
reflective grating in front of the SBS-cell of broad-band
free-running XeCl laser and used the first order dispersed
beam to pump SBS medium, their experimental results
demonstrated that broad-band SBS performance can be
improved!".

In the present paper, we replace the grating with four
prisms to disperse broad-band Cr:LiSAF laser beam and
call this a frequency-dispersive method. The experimen-
tal setup is shown schematically in Fig. 1.

Without any mode-selecting elements (such as F-P
etalons or dispersive-prisms) in the resonator to narrow
linewidth, the Xe-lamp-pumped and electro-optically
@-switched Cr:LiSAF laser’s linewidth is about 5 nm,
somewhat similar to the laser in Ref. [8].

With supplied pump voltage increasing from 750 to
900 V, the laser pulsewidth (FWHM) varies from 180 to
65 ns, but its amplitude becomes higher. Figure 2 shows
the pulses for pump voltages of 800, 850 and 900 V, with
their pulsewidths (FWHM) of about 100, 80 and 60 ns,
respectively.

Because of internal damage in the Cr:LiSAF rod, the
laser beam quality is very poor. Figure 3(a) shows its
near-field spot (6 x5 mm?2) at 850-V pump voltage,
burned in a gray photo-paper. It is obviously a multi-
transverse mode structure, with its measured beam qual-
ity to be M2 ~ 3.5. After passing through a polarizer
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(Glan-Taylor polarizing beam-splitter), a A/4 wave plate
and four dispersive-prisms (P;—P4), it becomes a flat-
long spot (20 x5 mm?) as shown in Fig. 3(b), and the
laser frequency band is dispersed along the longer direc-
tion. Then, through a 25-mm focal-length lens Fj, we
focus this dispersed laser beam into a SBS-cell filled with
CS,. As the laser intensity in focal region reaches SBS
threshold, the SBS light is produced. The SBS beam
propagates backward through the four prisms, A\/4 wave
plate and polarizer, and comes out from a side of the
polarizer. Here the polarizer and A/4 wave plate form a
optical isolator.

Using a piece of glass as beam-splitter, only a small
proportion of SBS beam is reflected into a PIN fast pho-
todiode for measuring its pulse shape. Figure 4 shows
the SBS pulses for 800-, 850- and 900-V pump voltage,
with their pulsewidths (FWHM) of 18, 15 and 12 ns,
respectively. By comparison with the laser pulses in Fig.
2, we can see that pulsewidth compression ratio is about
5 times.
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Fig. 1. Experimental setup. M;, M>: resonator mirrors;
KD*P: @-switching crystal; P1, P2, P3, P4: disperse-prisms;
A/4: quarter-wave plate; polarizer: Glan-Taylor polarizing
beam-splitter; SBS-cell: SBS medium cell; BS: glass beam-
splitter; PIN: fast photodiode; CCD: imaging camera; S:
screen; Fi, Fy: lenses (f1 = 25 mm, f» = 250 mm).
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Fig. 2. Electro-optical @-switched Cr:LiSAF laser’s pulses for
different pump voltages.

(a) (b)
Fig. 3. @Q-switched Cr:LiSAF laser’s. (a) Near-field spot and
(b) its dispersed flat-long spot.

Through the glass beam-splitter, the transmitting SBS
beam is focused by lens Fy with 250-mm focal-length
onto a screen placed in the focal plane to form its far-
field spot. The size of the far-field spot shows the quality
of the backward SBS beam, i.e. the smaller or sharper
spot shows the better quality of the SBS beam. The
photographs of the far-field spots are taken with a CCD
imaging camera, and Fig. 5 shows their three dimen-
sional intensity profiles, their beam quality M2 ~ 1.5.
By comparison with the laser near-field spot in Fig. 3(a),
these smaller M2 have proved that the spatial quality of
backward SBS beam is much higher than the laser beam.

Additionally, we have also measured the SBS en-
ergy threshold. In the case of focusing the dispersed
Cr:LiSAF laser beam into SBS-cell, the threshold is
about 15 mJ. But in the case of focusing the undispersed
laser beam into SBS-cell, threshold is above 30 mJ.
This experimental result has confirmed that frequency-
dispersive method can reduce the broad-band SBS energy
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Fig. 4. Backward stimulated Brillouin scattering’s pulses for
different pump voltages.

threshold efficiently.

In the following we give a illustrative analysis for this
frequency-dispersive method. Without mode selection,
our J-switched Cr:LiSAF laser beam consists of a large
number of discrete frequencies modes determined by the
length of resonator and the wide fluorescence spectral
band of active materiall®). In optical medium, the lower
frequency light wave travels generally faster than the
higher frequency one, and the former is deflected less
than the latter. So at the focal region in SBS-cell, the
focal spots of different frequency components are spread
along the optical axis, as shown in Fig. 6(a), here 1,
is the central frequency of laser beam, and Av is its
linewidth. If Av is a broad-band, there will be a great
many focal spots between the two focal spots of the
highest and lowest frequency, and their density acoustic
gratings superpose and erase each other, so make the
broad-band SBS very inefficient. But, if we disperse
firstly the broad frequency band of laser, and then fo-
cus the dispersed beam into SBS-cell, the focal spots of
different frequency lights will be spread as shown in Fig.
6(b). In the case, every frequency component light can
form relatively independent density acoustic gratings,
reduce their inter-superposition and interference, and
improve the broad-band SBS phase conjugation.

Actually, due to the threshold effect!'® of stimu-
lated scattering, backward SBS often do not reverse all
transversal and longitudinal modes of pump laser beam
for a complete phase conjugation. In our experiment,



352 CHINESE OPTICS LETTERS / Vol. 1, No. 6 / June 20, 2003

(a)

800V

[ntensity (a.u.)
[l
(==
1]

e

LR
S
B 7\.«&'@
B
R R e
4 %&:f&

160

120

Intensity (a.u.)
(e8]
[ee]

~
<

160

120

Intensity (a.u.)

Fig. 5. Three-dimensional backward SBS far-field profiles at
focal plane of lens Fs.

after passing through the polarizer, A/4 wave plate and
four prisms, the pump laser energy has lost much, so only
the lower-order transversal modes and relatively stronger
longitudinal modes reached threshold and produced their
backward SBS light, the higher-order transversal modes
(with a higher SBS intensity threshold ) and weaker
longitudinal modes did not produce their SBS light and
have been eliminated in backward SBS beam. Therefore
backward SBS has some mode-selecting ability, it can
cleanup the broad-band Cr:LiSAF laser beam.

In conclusion, Our experimental results and illustrative
analysis have demonstrated that frequency-dispersive
method can efficiently reduce the intensity threshold of
@-switched Cr:LiSAF laser’s broad-band SBS, compress
pulsewidth (ratio is about 5 times), and improve beam
quality.
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Fig. 6. TIllustrative diagrams of focusing characteristic for
undispersed laser beam (a) and dispersed laser beam (b).
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