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All-optical dynamic grating generation based on
Brillouin scattering in polarization-

maintaining fiber
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We report a novel kind of all-optical dynamic grating based on Brillouin scattering in a polarization main-
taining fiber (PMF). A moving acoustic grating is generated by stimulated Brillouin scattering between writ-
ing beams in one polarization and used to reflect an orthogonally polarized reading beam at different wave-
lengths. The center wavelength of the grating is controllable by detuning the writing beams, and the 3 dB
bandwidth of �80 MHz is observed with the tunable reflectance of up to 4% in a 30 m PMF. © 2008 Optical
Society of America
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A high-speed and reconfigurable dynamic grating can
be used as a powerful tool in communication or sen-
sor applications as a tunable optical filter, an optical
switch, and a distributed sensor [1–4]. The currently
available scheme is to build up a gain or absorption
grating in an Er-doped fiber (EDF) by counterpropa-
gating optical waves with the same optical frequency.
However, such an EDF-based dynamic grating suf-
fers a couple of significant problems, such as diffi-
culty in separating the writing and reading beams
[1,2] or an amplified spontaneous emission (ASE)
noise due to optical pumping [3,4], which can give
disadvantages in practical applications.

In this Letter, we demonstrate a novel kind of dy-
namic grating based on stimulated Brillouin scatter-
ing (SBS) in a polarization-maintaining fiber (PMF).
An acoustic phonon generated by SBS between two
counterpropagating writing beams of one polariza-
tion is used as a tunable and dynamic grating for the
orthogonally polarized reading beam at different
wavelengths satisfying the phase-matching condi-
tion. The reflected probe wave experiences an ordi-
nary Brillouin shift by the Doppler effect, and the op-
tical frequency difference between the writing and
the reading beams is determined by the birefringence
of the PMF. The basic theory, the operation principle,
and the experimental configuration are described,
and the results are explained using a simplified
theory of Brillouin scattering.

SBS is generally modeled as a three-wave interac-
tion between the pump ��1�, Stokes ��2�, and acoustic
waves. When a phase-matching condition is satisfied
(�1−�2=�B, �B being the Brillouin frequency), strong
energy transfer from the pump to the counterpropa-
gating Stokes wave takes place generating acoustic
waves, which stimulates the process. The �B is given
by following equation [5]:

�B =
2nVa

�
, �1�
0146-9592/08/090926-3/$15.00 ©
where n, Va, and � are the refractive index, the veloc-
ity of the acoustic wave, and the optical wavelength,
respectively. In a PMF (or any medium with birefrin-
gence), optical waves with two principal polarizations
(i.e., x and y polarization) experience different �B’s
owing to their different refractive indexes. Consider-
ing that the acoustic wave generated by SBS is a lon-
gitudinal one that is free of the transversal polariza-
tion [6], an interesting condition can be reached that
the x- and the y-polarized optical waves in a PMF
show the same �B at different wavelengths. When the
dispersion of the acoustic wave is ignored, the condi-
tion is expressed by following equations:

2nxVa

�x
=

2nyVa

�y
, �2�

nx�x = ny�y, �3�

where nx,y and �x,y (if nx�ny, �y��x) are the refrac-
tive indexes and the optical frequencies in x and y po-
larizations, respectively. With �n= �nx−ny��1 and
��=�y−�x�� (�x or �y), Eq. (3) is simplified to

�� =
�n

n
�. �4�

Since the SBS-induced acoustic waves can be
viewed as moving gratings for the reflection of the
pump wave without polarization dependence, it is ex-
pected that acoustic waves generated by SBS be-
tween the x-polarized pump and Stokes waves at the
optical frequency �x will show strong reflectance to
the y-polarized pump wave at the frequency of �x
+��. Considering that the intensity and the wave-
length of the acoustic waves are easily tuned by con-
trolling the x-polarized “writing” beams, one may ex-
pect the SBS in a PMF to play a role of a tunable
dynamic grating.

We composed an experimental setup, as shown in

Fig. 1. For the writing of the dynamic grating, a
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1550 nm laser diode was used as a light source, and
the output power was divided by a 50/50 coupler. A
single-sideband modulator (SSBM) and a microwave
synthesizer were used to generate the Stokes wave
(pump2) of the writing beams, and the output was
amplified and polarized by an EDF amplifier (EDFA)
and an x polarizer. The Brillouin pump wave (pump1)
of the writing beams was prepared by amplifying the
original wave with the same polarization as that of
pump2. Pump1 and the pump2 were launched into a
PMF in opposite direction to each other through po-
larization beam combiners (PBC1, PBC2). The PMF
was a PANDA fiber manufactured by Fujikura with a
30 m length and a nominal �n�6.2�10−4 at the
wavelength of 1300 nm. For a reading beam (probe),
a tunable laser with an operating wavelength near
1550 nm was used as a light source after being polar-
ized in the y axis. The output was launched into the
PMF in the direction of the pump1 through a
polarization-maintaining circulator and PBC1. The
transmitted power of the probe was measured using
a power meter, and the backreflected spectrum was
monitored using an optical spectrum analyzer (OSA)
through a y polarizer.

At first, we measured the Brillouin gain spectra of
the PMF in the x and y axes. The �B in the x axis was
measured to be 10.502 GHz, and the difference of the
�B’s of two polarizations was �3.6 MHz, as depicted
in the inset of Fig. 1, which corresponds to �n�5.0
�10−4 by Eq. (1). To induce the SBS in the x axis, we
launched pump1 and the pump2 in the x axis with
the output powers of 630 and 10 mW, respectively,
setting their frequency offset ��f� to 10.502 GHz.

For the detection of the dynamic grating, the fre-
quency of the probe was tuned at the higher fre-
quency region while monitoring the spectrum with
the OSA, and the result is shown in Fig. 2. When ��
(the frequency difference between pump1 and the
probe) was �72.6 GHz, a large reflection of the probe
was observed (black curve) as a result of the dynamic
grating at the frequency detuned from the probe by
the same amount as that between pump1 and
pump2. When one of the pumps (pump1) was turned
off, the dynamic grating disappeared as depicted by
the gray curve although the probe was still propa-
gated as confirmed by the Rayleigh scattering seen at

Fig. 1. Experimental setup: LD, laser diode; SSBM,
single-sideband modulator; EDFA, Er-doped fiber ampli-
fier; PBC, polarization beam combiner; OSA, optical spec-
trum analyzer. The inset is the Brillouin gain spectra of the
fiber under test in x and y polarizations.
the probe frequency. In both cases, the x-polarized
pumps were observed in spite of the use of the y po-
larizer in front of the OSA, which originated from the
finite extinction ratio ��20 dB� of the polarizing com-
ponents. The small peaks near pump1 correspond to
the first- and second-order anti-Stokes waves that
were suppressed in the SSBM used for the genera-
tion of pump2.

Figure 3(a) shows the reflectance of the dynamic
grating with respect to ��, calculated from the ratio
of the input and the reflected powers of the probe,
while the pump powers were maintained to the same
as the first measurement. The maximum reflectance
was �4%, and the 3 dB width was �80 MHz. The
overall shape looks asymmetric, which could be at-
tributed to the irregularity of the local birefringence
in the PMF.

We fixed �� to 72.6 GHz and swept �f, the fre-
quency offset between pump1 and pump2. The result
is depicted in Fig. 3(b), which fits well with a Lorent-
zian curve with a 3 dB width of 28 MHz, similar to
the ordinary Brillouin gain spectrum of the fiber.

The dependence of the grating reflectance on the
pump powers was measured by varying one of the
pump powers with the other fixed, while �� was kept
at 72.6 GHz. Figures 4(a) and 4(b) show the reflec-
tance of the grating as a function of the power of
pump1 and pump2, respectively. It is remarkable
that the reflectance grows in an exponential form to
some definite value with the power of pump1 as

Fig. 2. Optical spectra monitored by an OSA in the gen-
eration of dynamic grating. The gray curve corresponds to
the case that one (pump1) of the writing beams is turned
off, and the black curve with both writing beams turned on.

Fig. 3. (Color online) (a) Reflectance of the dynamic grat-
ing as a function of ��, the frequency difference between
the pump1 and the probe. (b) Reflectance of the dynamic
grating at a fixed �� �72.6 GHz� as a function of the �f, the
frequency offset between pump1 and pump2. The curve

shows the result of a Lorentzian fit.
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shown in Fig. 4(a), while it is linearly dependent on
the power of pump2 as depicted in Fig. 4(b), where
the result matches well with a linear fit with the
slope of 3.8�10−4 �/mW�. The slight inconsistency in
the reflectance values of Figs. 4(a) and 4(b) came
from long-term drift of the optical frequencies of the
pump and the probe lasers, whose effect was negli-
gible in each measurement.

The difference in dependence of the grating reflec-
tance on the pump powers can be explained by the re-
lation of the Brillouin gain and the reflectance. In the
generation of the dynamic grating, the increased
power of pump2 through the gain of the SBS can be
viewed as the reflection of pump1. Additionally, we
may assume that pump1 and the probe experience al-
most the same reflectance, since they share the same
acoustic grating. Therefore, if the pump depletion is
ignored (i.e., small reflection of pump1), the reflec-
tance of the dynamic grating R can be estimated from
the gain of the SBS [5] as follows:

R =
Pprobe

out

Pprobe
in �

�P2

P1
=

P2�e�gBP1Leff/Aeff� − 1�

P1
, �5�

where gB, Leff, Aeff, P1, and P2 are the Brillouin gain
coefficient, the effective length of the fiber, the mode
effective area, the power of pump1, and the power of
pump2, respectively. In Eq. (5), one can see that the
reflectance of the grating linearly depends on P2, and
the reflectance will grow in an exponential form ac-
cording to P1 if the gain is large enough. The final
point in Fig. 4(a) with pump1 of 800 mW looks devi-
ated from the form of the exponential growth, which
could be attributed to the gain saturation with the
pump depletion due to too large amplification of
pump2. The reflectance offset appearing in the lin-
early fitted graph of Fig. 4(b) can be attributed to the
amplification of the SBS noise induced by the strong
pump1.

We think detailed properties of the grating can be
explained by coupled wave equations (by five-wave
mixing instead of the three-wave one in the ordinary
case of the SBS), and there could be more factors that
have an effect on the grating reflectance such as the
probe power. Further research is needed on this
point.

Fig. 4. (Color online) Reflectance of the dynamic grating
as a function of pump power in the case of (a) pump1 varied
and pump2 fixed to 10 mW, and (b) pump2 varied and
pump1 fixed to 200 mW. The line is the result of a linear fit.
The relation between the optical frequencies of
pump1 and the probe under the condition of the dy-
namic grating generation is depicted in Fig. 5, which
shows good linearity as expected from Eq. (3). In the
measurement, the powers of the pumps and the
probe were kept constant, and the variation of �B was
negligible ��1 MHz�.

In conclusion, we have demonstrated a novel all-
optical dynamic grating based on stimulated Bril-
louin scattering in a polarization-maintaining fiber.
The center frequency of the grating was �72.6 GHz
detuned from the writing beam frequency, and the re-
flectance as well as the peak frequency could be
tuned by controlling the power and the frequency of
the writing beam. Considering the high sensitivity of
the dynamic grating to local birefringence [see Eq.
(4)] as well as the high on–off extinction ratio
��60 dB�, the spectral flexibility [7], and the short re-
sponse time ��10 ns� [5] of the SBS, we believe the
SBS-based dynamic grating has large potential for
practical applications such as an all-optical switch
and a highly sensitive fiber sensor.
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Fig. 5. (Color online) Optical frequency of the probe as a
function of the frequency of pump1 under the condition of
the dynamic grating generation. The line is the result of a
linear fit.


