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ABSTRACT

Experimental investigations of stimulated Brillouin scattering in two cascaded single mode optical
fibers with different Brillouin shifts are presented. A fiber Brillouin laser consisting of these two cascaded
fibers is demonstrated. The output of such a laser exhibits two frequencies corresponding to the Brillouin
shifted frequencies of two individual fibers.

1. INTRODUCTION

Stimulated Brillouin scattering (SBS) is a dominant nonlinear effect in single mode optical fibers
(SMOPs) [1 ,2]. In this process, when the input pump powerlevel P, reaches a level higher than the Brillouin
threshold Pth, it will amplify a counter propagating wave (Stokes) with a frequency down-shifted of an
amount equal to that of the propagating longitudinal acoustic wave in the core [3]. Since SBS imposes a
serious limitation on the input power launching into the fiber, it can be detrimental for low loss long haul
optical communication systems [1,2]. A method to reduce the Stokes waves or increase P, is required.

Hill et al [4] has employed the SBS amplification process and constructed a fiber Brillouin laser.
Due to recent advances in manufacturing low loss fibers and directional couplers, P, in fiber Brillouin ring
lasers can be as low as sub-milliwatts [5,6]. Since fiber Brillouin lasers may be used as sources for
distributed sensors [7,8], microwave devices [9] and wavelength division multiplexed fiber networks, a
multiple output frequency is desirable.

Very recently, Mao et al [10] have reported the increasing of P, by cascading fibers with different
dopant concentrations in the fiber core which induce different Brillouin shifts. Spontaneous Brillouin
scattering spectra were used for the characterization of these fibers [10,1 1]. In parallel to their work we
have used scanning acoustic microscopy method to characterize the silica glasses [12-14]. The acoustic
velocity variation due to different dopant concentrations expressed by the weight percentage W% can be
summarized in Table 1 [14].

Table 1. An %, AVAw% and Versus Dopant Concentration W%

DOPANT M%/W% AVIAw%/W% AV1%/W%

Ge02 +0.056 -0.49 -0.47

P205 +0.020 -0.41 -0.31

F -0.31 -3.1 -3.6

Ti02 +0.23 -0.45 -0.59

A'203 +0.063 +0.21 +0.42

B203 -0.033 -1.18 -1.23
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where the refractive index variation M versus the dopant concentration is obtained using the Fig.7. lOa of
[15]. YLSAW and are leaky surface acoustic wave (LSAW) and leaky surface-skimming
compressional wave (LSSCW) velocity, vscw [16]. Because LSAW and LSSCW have predominantly
shear and longitudinal wave components, respectively, their velocity variations due to different dopants or
dopant concentrations could be approximately regarded as those of the shear V and the longitudinal
velocity VL respectively. As an example, for pure silica, VS/VLSAW = 1. 10 and VL/VSCW = 1.01. Since the
Brillouin frequency shift is directly related to the guided acoustic waves in the fiber core [3,17], we can
use the data in Table 1 to design optical fibers with different Pth's by using different dopants or different
dopant concentrations.

In this work we investigate the characteristics of a fiber Brillouin laser using two cascaded SMOFs
which have different Brillouin frequency shifts. The characteristics of SBS in two cascaded fibers are also
studied.

2. A FIBER BRILLOUIN LASER USING TWO CASCADED SMOFs

Two SMOFs at 1.064 pm wavelength with different Brillouin frequency shifts given in Table 2 were
designed using the data in Table 1 and manufactured. The SBS measurement system shown in Fig. 1 was
used to measure their properties. This particular setup enabled us to monitor the coexistence of the two
Brillouin frequency shifts produced in these two long fibers as shown in Fig.2. The fiber properties and
SBS measurement results given in Table 2 were measured. W is the mode field radius [18] and P is the
saturation power which is the maximum output power measured for the fiber with the given length. f is
the Brillouin frequency shift.

Table 2. Properties and SBS Measurement Results of Two SMOFs

Fiber Core Cladding An a
(dBlkm)

Length
(km)

W
(pm)

a
(GHz)

th
(mW)

s
(mW)

A Ge02-Si02 F-Si02 0.0065 0.82 5.74 3.17 15.89 4.0 1.8

B Si02 F-Si02 0.0042 0.92 6.00 3.59 16.35 5.9 2.5

In Fig. 1 , the light source is a solid state diode pumped ring laser (Lightwave Electronics, Mountain
View, CA) which has an output power of 300 mW at ? =1.064 jim and a line width AfL of 5 KHz. The
optical isolator (Optics for Research, Inc. Caldwell, NJ) allows more than 90% forward transmission. The
Fabry-Perot confocal interferometer has a 7.5 GHz free spectral range. The coupler based on the evanescent
wave coupling was adjusted to exhibit an equal amplitude for Stokes waves 5A and SB generated in fiber
A and B respectively. J's refer to fiberjoints. It is noted that the difference in Brillouin frequency shifts 'B
- fAl 5 larger than AfL where A and B are Brillouin shifts a forfiber A and B respectively. In addition, P,
of each fiber was measured by removing the fiber coupler in Fig. 1.

We have cascaded the above two fibers with 200 m each and constructed a SBS fiber laser with a
Fabry-Perot geometry. A schematic of the experimental investigation is shown in Fig.3. The cascaded fiber
section between the attenuator (AlT.) and the mirror formed the Fabry-Perot cavity of the laser. Figure 4
shows the output frequency of this laser. Since the fibers were not polarization maintenance fibers, the
output intensity was not stable. Further works are being carried out to stablize the laser.

Since the Brillouin shifted frequency f, a11A, where a and n is the guided acoustic velocity and
refractive index of the core respectively, fibers can be made with different fe's by properly selecting the
dopants and the dopant concentration of the core and the cladding [1 0, 14, 17]. The above experiment
suggests that fiber Brillouin lasers with multiple narrow band frequencies can be made by cascading fibers
with different a'provided that the difference between each adjacent f, is larger than the linewidth, AfL of
the pumped laser.
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3. STIMULATED BRILLOUIN SCATTERING THRESHOLDS

For CW laser operation the threshold, th' SBS in a SMOF can be expressed as [1]

— (YAeff')(AfB+EfL
:h I II ()

gBLeff)' 'fB

where g is the Brillouin gain coefficient, yis the polarization factor (y = 2 if the polarization is completely
scrambled.), WB and E.tfL are intrinsic Brillouin linewidth and laser linewidth, respectively and Aeff 5 the
effective area for the HE11 mode. If Lorentzian profiles are assumed for the Brillouin and laser
spectral-shapes, then Aeff 2 1CW2 [19]. In Eq.(1) Leff 5 given as

L [l—exp(—aL)] 2
eff cx

()

where cz is the optical attenuation coefficient and L is the actual fiber length. Equations (1) and (2) suggest
that the increase of L decreases Pth, thus enhances SBS.

In Ref.[1OJ it has been demonstrated that the P, of an optical fiber transmission line consisting of
many cascaded fibers with slightly different SBS spectra is larger than that consisting of many cascaded
fibers with the same SBS spectra. The SBS spectra ofeach fiber were overlapping with those ofthe adjacent
fibers in their measurements. Since we have designed two fibers and their SBS spectra are isolated each
other as shown in Fig.2, the P, of the two cascaded fibers is investigated here. As mentioned above, the
th of the fiber can be measured by removing the fiber coupler in Fig. 1 . Using a 200 m length of fiber A,
the measured P, was 64 mW. By cascading two 200 m length of fiber A and with a joint loss of 3.5 dB,
th was reduced to 44 mW. However, by jointing a 200 m fiber B to the 200 m fiber A with the same joint
loss, th remained the same. It is noted that due to different mode field radii W's the joint loss between the
fiber A and fiber B is high (3.5 dB). In order to have a proper comparison, the joint loss between two fiber
A's was deliberately adjusted to the same loss. These experiments indicate that the P of a SMOF does not
change even its length L is increased, but by cascading another SMOF which has a different Brillouin
frequency shifts and provided that their SBS spectra do not overlap.

4. CONCLUSIONS

Experimental investigations of stimulated Brillouin scattering in two cascaded SMOFs with different
Brillouin shifted frequencies were presented. A fiber Brillouin laser consisting of these two cascaded two
fibers was demonstrated. The output ofsuch alaser exhibited two frequencies corresponding to the Brillouin
shifted frequencies of two individual fibers. This experiment suggests that lasers with multiple narrow band
frequencies may be obtained. We have also found that the Brillouin threshold of a SMOF does not change
even its length is increased, but by cascading another SMOF which has a different Brillouin frequency
shifts and provided that their SBS spectra do not overlap.
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Fig. 1 Schematic diagram of a SBS measurement setup for fibers A and B.

Fig.2 Measured Stokes wave Brillouin shifts for fibers A and B.
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Fig.3 Schematic diagram of a SBS fiber laser measurement setup.

Fig.4 Output frequency of a fiber laser consisting of fiber A and fiber B.
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