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The Brillouin characteristics of step-index Ge—As—Se—Te (GAST) fibers at 2 um are designed and simulated on the
basis of optical and acoustic properties. The refractive indexes of GeygAsygSeqsTe s glass and GeygAsygSeq3Te7 glass
serving as fiber core and cladding are 3.20 and 3.18 at 2 um, and their acoustic velocities are 2200 m/s and 2300 m/s,
respectively. Numerical results indicate that the stimulated Brillouin scattering (SBS) efficiency is 248 m~1-W~1, and the
Brillouin threshold power is 66 mW when the core diameter of the 2-m-long GAST fiber is 4 um at 2-pm wavelength.
The optic—acoustic coupling factor, the Brillouin frequency shift, and the Brillouin gain coefficient are 0.98, 7.02 GHz,
and 3.81x 102 m/W, respectively. The SBS effect of GAST fibers simulated for the first time provides a new promising
approach to selecting gain medium based on 2-um-wavelength fiber laser.
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1. Introduction

Stimulated Brillouin scattering (SBS) is a nonlinear inter-
action between pump wave and Stokes wave through acoustic
waves in optical fibers, which has been utilized extensively
in Brillouin lasers, fiber amplifiers, optical filters, and fiber
sensing due to its advantages of low threshold power, nar-
row gain linewidth, and high conversion efficiency.!!™ Bril-
louin laser based on the SBS effect is a potential technique
for obtaining lasers with extremely narrow linewidth and low
noise.’) Owing to the absorption peak of water molecules
located at 2 pum, the 2-pum laser has significant application
value in biomedicine, industrial processing, and other fields,
which enables the rapid absorption of powerful laser energy
by water.[®! The Brillouin fiber laser at 2 pum has been exten-
sively studied. Wang et al. constructed a multi-wavelength
Brillouin fiber laser at 1.97 um, where the Brillouin gain coef-
ficient (gg) of the SMF-28 fiber is 2.89x 10~ ' m/W, and five
Stokes lines with a channel spacing of roughly 0.105 nm have
been obtained.!”) Luo ef al. constructed a single-frequency 2-
pm Brillouin fiber laser by using a two-stage thulium-doped
fiber amplifier, with an output power of 1.08 W and a trans-
mission efficiency of 51%.[°! However, the gain medium of
the Brillouin fiber laser at 2 wm is mostly conventional silicon
fiber, which has a low gg and a high pump threshold power
(the pump threshold power reached 1.08 W®!). Shorter opti-
cal fiber leads to higher pump power, whereas longer optical
fiber increases system energy consumption and is detrimental
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to device miniaturization. Searching for new Brillouin work-
ing medium and exploring non-waveguide Brillouin laser can
alleviate the current bottleneck of Brillouin lasers. Thus, ex-
ploring Brillouin working medium with short fiber length, low
Brillouin threshold power, and high gp is necessary.

The gp is closely related to the effective refractive index
(negr) of the material, due to the fact that based on its formula,
it is proportional to the eighth power of the negs of the glass.[®]
The chalcogenide glass (ChG) has high nonlinear coefficient
(7, 2-3 orders of magnitude of silica) and ultra-wide infrared
transmittance characteristics, presenting unique advantages in
low threshold Brillouin fiber laser. Abedin ef al. have mea-
sured a gg of 6x 10° m/W and an effective mode area (Acg) of
39 umz, and revealed an effective gain efficiency (gp /Acfr) at
1.55 pm that is 513 times greater than the counterpart in stan-
dard silica fibers for a 5-m-long As,Se; single-mode fiber.!"!
This suitable parameter (g /Afr) can be used to directly char-
acterize SBS efficiency and Brillouin threshold power in small
core fiber.!'% Florea er al. reported that the threshold power
is 27 mW at 1.56 um for a 10-m-long As,S3 fiber.!''l Tow
et al. constructed a Brillouin fiber ring laser by using a 3-m-
long GejgAsz:Seesg chalcogenide photonic crystal fiber (PCF)
with a Brillouin frequency shift (BFS) of 7.25 GHz and a gain
linewidth of 17 MHz (the gg is 3.3x107° m/W).['?] Wang
et al. proposed a Brillouin fiber laser with a Brillouin laser
threshold of 14 mW (the gp is 3.9 % 10~2 m/W) on the basis of
a 4.2-m-long As,S3 step-index fiber.!'3] Tt is undeniable that
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high g and low Brillouin threshold power are beneficial to ob-
taining efficient Brillouin effect. Contrastingly, few researches
have been reported in the 2-pm waveband. Hu et al. demon-
strated a Brillouin laser on the basis of an As3gSeg, suspended-
core fiber with a threshold power of 91.4 mW at 2 um (the gg
is 3.5%1072 m/W).!"¥] Deroh et al. compared and analyzed
the SBS characteristics of different infrared glass-based opti-
cal fibers at 2 um.!'% Overall, the high y of ChG is conducive
to the SBS effect. However, the high-efficiency Brillouin prop-
erties of chalcogenide fibers other than As—S and As—Se-based
fibers have not been reported in the 2-pum waveband because
the tuning of core size, numerical aperture (NA), and the third-
order nonlinear coefficient are limited by glass materials.

In this work, a novel SBS component (Ge-As—Se—Te)
fiber is designed and simulated to obtain efficient SBS, thereby
achieving high gain efficiency of short fiber. We investigate
the effects of GAST fibers with different core diameters on the
optic—acoustic coupling efficiency, gg and Brillouin threshold
power, as well as the BFS and BGS of various higher-order
acoustic modes. Conclusively, the numerical results of GAST
fibers can provide scientific reference for chalcogenide fibers
with high Brillouin effect at 2 um based on GAST glass with
extremely wide transmission range and high nonlinear charac-
teristics.

2. Experiments

Ge element addition improves nonlinear characteristics
and trace Te element can not only increase the nonlinear re-
fractive index (n,) of ChG to become the largest in all glasses
based on commercially available As;S3 and As;Ses fibers, but
also minimally influence fiber loss after forming.!'>!61 The n,
of Ge—Se-Te fiber increased up to 3.71 x 10~!7 m?/W and the y
reached ~ 8.727 m~!-W—! [16] Therefore, the Brillouin char-
acteristics of the step-index GeygAsyoSeqsTers (GAST) fiber
at 2 um were designed and simulated through the finite el-
ement method (FEM) on the basis of the optical properties
of the fiber core and cladding glass provided in this work.
Therefore, Ge—As—Se-Te glasses were prepared through dis-
tillation with Mg Getter to remove oxidized impurities and
purify glasses. Then, a novel isolated extrusion technol-
ogy was used to extrude the GeypAsypSessTers core rod and
Ge;0Asy0Ses7Te3 cladding rod into the prefabricated rod.!!7]
The thermal stability of GeygAsygSesTess reached 140 °C,
indicating its excellent fiber forming performance after dif-
ferential scanning calorimetry (DSC) analysis. The Perkin-
Elmer Lambda 950 UV-VIS-NIR spectrophotometer was used
to record the visible transmission spectra of the samples rang-
ing from 400 nm to 2800 nm, and the IR transmission spectra
of samples in a range of 4000 cm~!—400 cm~! were obtained
by a Nicolet 380 Fourier infrared spectrophotometer. The re-

fractive index of the core and cladding glass were measured by
an IR ellipsometer (IR-VASE MARK 11, J. A. Woollam Co.).

3. Modeling theory

The SBS process refers to the annihilation of an incident
field photon (pump light), producing a Stokes photon with
downshifting frequency and an acoustic phonon that preserves
momentum and energy conservation. Pump waves generate
acoustic waves through electrostriction, which in turn modu-
late the refractive index of the medium.!'8 In this paper, the
FEM was first used to solve the optical-wave equation and the
acoustic equation to obtain the optical mode field E and the
acoustic mode field w.!"”! The equation is expressed as a two-

dimensional (2D) vector wave equation as follows: 2]
27
VIE + (A>(n2—neff)E=0, (1)
2 o 2
Viu+ | — —Bs Ju=0, 2
v

where V? is the transverse Laplace operator, A is the pump
wavelength, nef is the effective refractive index, v is the ve-
locity of the acoustic mode, and w, is the angular frequency
of the acoustic wave.?!! In the GAST fiber model established
in this work, A is 2 um, the value of v is 2200 m/s for core
glass and 2300 m/s for cladding glass. Back SBS occurs only
when the acoustic propagation constant f3; = 28, meets the
phase matching condition, where Bop = 27nesr/A is the opti-
cal propagation constant.

The coupling degree of the fundamental mode of the op-
tical field and the i-th order acoustic field is expressed by the

coupling integral I;, and it is given by[?!]

(// |E(X7Y)|2U?(x7y)dxdy)
f/|E(x’y)‘4dx‘iyl//‘|u5(x,y)|2dxdy,

where E (x,y) represents the mode intensity of the fundamen-

2

= 3

tal mode of the optical field, and u; (x,y) denotes the mode in-
tensity of the fundamental mode or higher-order mode of the
acoustic field. >}

The BFS of the i-th order acoustic mode is expressed
as23]

a)a,i
fB,z = TR

The Brillouin gain spectrum (BGS) corresponding to the i-th

“

order acoustic mode exhibits a Lorentz curve distribution?’!
and it is given by

(Afs/2)?
(f = fo.i)* + (Afs/2)*

where g is the peak value of Brillouin gain at f = fg,

SB.i(f) = go &)

and go = gg,l;. Afg is the full linewidth at half-maximum
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(FWHM) of the BGS, and the estimated value of the GAST
fiber here is 25 MHz. gg ; is given by

_ Anngpiy
ApefsiAfs,’

where p = 5208 kg/m? and pj, = 0.251 are the density of
the GAST core glass and the longitudinal photo-elastic coeffi-
cient, respectively; p = 5157 kg/m? is the density of the GAST
cladding glass; c is the speed of light in a vacuum. Given that

8B, (6)

all acoustic modes are statistically independent, the total BGS
of the GAST fiber is the sum of each mode.*!!
The pump power becomes the Brillouin threshold power

when it reaches a critical value, which is related to gg by[?*!
21 KA
Ph= =, (M
8BLetr

where A is the optical effective mode area, K is the polar-
ization factor, Lg is the effective length, which is defined
as Lesr = 1 —exp(—oal)/a, and ¢ is the loss factor of the
fiber.[24.2>]

4. Simulation results and discussion
4.1. Optical parameters of glass

The NIR and IR transmission spectra of the
GeyoAsypSessTes glass and GeygAsyoSes;Ters glass are
shown in Fig. 1. Figure 1(a) exhibits no obvious absorp-
tion peak of oxidized impurities in the transmission spectra
of the glasses, and the transparency extends from 1.5 pum to
18 wm. The transmittance of the core and cladding reach
56.6% and 53.1% at 2 um as shown in Fig. 1(a). Moreover,
figure 1(b) shows that the GAST glass maintains a relatively
high transmittance ina longwave infrared range, which pro-
vides a reference for the future study of the Brillouin effect of
long-wave fibers.

The measured linear refractive indices of the fiber are
shown in Fig. 2(a), demonstrating that the refractive indexes
of the core and cladding are 3.20 and 3.18 at 2 um, respec-
tively. The step-index GAST fiber is beneficial to obtaining
SBS with higher gain peak value because the high refractive
index of the fiber core indicates that it has high nonlinear
characteristics when the wavelength is less than 2.5 pum. Fig-
ure 2(a) also shows that the calculated NA of the stepindex
GAST fiber is 0.37 when the working wavelength is 2 pm,
suggesting an appropriate NA ensures that when light is trans-
mitted in a single mode, the core diameter is not too small
to be successfully manufactured. Figure 2(b) shows the size
range of the core diameter, which is chosen according to the
single-mode operation condition, V' < 2.405, where V is the
normalized angular frequency parameter?®! in a wavelength
range of 1.5 wum—5 pm. The red dotted line indicates that the
wavelength is 2 um, which represents the core diameter range
that ensures single-mode transmission of the GAST fiber at

this wavelength. The maximum core diameter of single-mode
transmission grows with the increase of wavelength, indicat-
ing that the core can be enlarged accordingly. In summary, the
single-mode step-index GAST fiber model with a core diam-
eter of 3 um—4 pum at 2-um wavelength is established in the
following part.
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4.2. Coupling efficiency of optical field and acoustic field

In this work, the FEM is used to investigate the optic—
acoustic coupling effects of the designed step-index GAST
fibers with different core diameters (3 um, 3.5 wm, and 4 pm),
the BGS and the variation of Brillouin threshold power with
fiber length are obtained. On the basis of the all-vector solver,
the fiber cross-sectional surface is divided into over 2860 non-
uniform meshes, each with a minimum cell size of 0.015 pm
and average cell mass of 0.88 by using the idea conductor
boundary conditions, and the n.g of the fundamental optical
mode of the fiber is first calculated.

The fundamental optical mode (HE ;) distributions of the
GAST fibers with different core diameters at 2 um are ob-
tained as shown in Fig. 3. The figure exhibits that when the
diameter of the fiber core is small, there will transpire a small
amount of optical field leakage, whereas as the diameter of
the fiber core increases, the electric field energy gradually in-
creases and concentrates in the fiber core. The ratio of the fiber
diameter to the optical field leakage diameter is the smallest
when the fiber diameter is 3 um, so the degree of optical field
leakage is the strongest in Fig. 3. Therefore, increasing the
core diameter appropriately is more advantageous for the op-
tical field’s energy concentration. Then, the n.g can be used
to obtain the distribution of acoustic field mode satisfying the
relation between f3, and Bop.
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Fig. 3. Fundamental optical mode (HE;;) distributions of GAST fiber with
different core diameters.
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The fundamental and higher-order acoustic modes of the
GAST fiber at 2 um are calculated when the core diameter is
3 wm and 4 pm, as shown in Fig. 4. As can be seen from the
figure, the distributions of fundamental acoustic mode (Rq;)
and higher-order acoustic modes (Rg and Rg3) in the step-
index GAST fiber are all axisymmetrical in the cross section of
the fiber and confined in the fiber core.!*’! Thus, the energy is
not easy to leak into the cladding when the core diameter of the
same acoustic mode is larger within the adjustable range. The
energy distributions and strengths of various acoustic modes
in the fiber core are different. Among them, the energy of Ry
from the core to the cladding is decreasing and the ultimate
value is higher than that of Rgy, while the energy distribution
along the radial direction of the core in the higher-order acous-
tic mode is not monotonically decreasing.

The variation of the acoustic pressure distribution along
the diameter of the fiber section is shown in Fig. 5. Fig-
ure 5(a) shows the acoustic field distribution of Ry, Rg», and
Ro3 when the core diameter is 3 pm. In Fig. 5(b), the higher-
order acoustic mode of the fiber core with a diameter of 4 um
has one more mode (Rg4) than that of the fiber with a smaller
size. These higher-order acoustic modes can be collectively
referred to as shear acoustic modes (SAM), and their phase
velocities are usually smaller than the bulk shear velocities of

1.271 Assuming that the frequency of its

the cladding materia
acoustic field is limited by Veore < 275 /Ba < Velad, there ex-
ists an additional higher-order mode, where 3, is the acoustic
propagation constant, 3 is the acoustic frequency of the m-th
acoustic mode, Vore and V. are the acoustic velocities of the
fiber core and cladding when the core diameter increases.*’!
The lack of Ro4 mode in 3-um-core fiber is attributed to the
influence of f2 that is limited to 3, value of core material and
cladding material. Brillouin backscattering occurs only when
the phase matching condition of the acoustic field is satisfied,
and optical field is 8, = 23y, where By = 27ne/A, with neg
being the effective refractive index of the optical field, and A
denoting the pump wavelength. Thus, with the increase of core
diameter, neg and B, of the fiber core increase, and eventu-
ally the range of f widens, resulting in higher-order acoustic

modes.

Fig. 4. Distributions of (a) Rg; mode and higher-order modes, (b) Rz, and (c) Rg3 of the acoustic fields with core diameters of 3 um and 4 pum.
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Fig. 5. Curves of horizontal-size-dependent acoustic pressure field along di-
ameter of fiber cross-section with core diameter of (a) 3 um and (b) 4 pm,
with inset showing higher-order mode (Ro4) distribution of acoustic field.

Moreover, as shown in Fig. 4, the maximum energy of
higher-order acoustic modes concentrated in a small region in
the center of the fiber core is significantly greater than that of
Ro1, indicating that the higher-order acoustic field is sensitive
to the SBS effect.

To emphasize the correlation of each acoustic mode in
the subsequent Brillouin gain spectrum, equation (3) is used
to calculate the overlap space of optical mode and acoustic
mode.*%! Figure 6 shows the optic—acoustic coupling factors
corresponding to acoustic modes of different fiber diameters,
and represent the coupling efficiency between the acoustic
field and optical field. Two nonvanishing integral overlap val-
ues are presented, and in Fig. 6, it is confirmed that there exist
more than three peaks for the GAST fiber. The coupling effi-
ciency of the fundamental mode of the optical field and acous-
tic field is close to 1, whereas the coupling efficiency of the
higher-order acoustic field is less than 0.1 as shown in Fig. 6.
Consequently, the total strength of the fundamental acoustic
field with uniform energy distribution along the core diameter
is greater than that of the higher-order mode with fluctuating
energy according to Fig. 5, thereby resulting in the highest
optic—acoustic coupling efficiency of Ry, in Fig. 6. Thus, the
acoustic field distribution of Ry overlaps appropriately with
the optical field. Although the peak intensity of the higher-
order acoustic mode is significantly higher than that of Rg, the
additional higher-order acoustic modes expand the fiber core
to the separate part of the acoustic field energy, thus reducing

its coupling efficiency.
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Fig. 6. Optic—acoustic coupling factors versus Brillouin frequency shift of
the GAST fibers with different core diameters, with inset showing optic—

acoustic coupling factors versus Brillouin frequency shift of local higher-
order acoustic modes.

Table 1. BES variation of multi-order acoustic modes.

Core diameter BFS of Ry BFSof Rp, BFS of Rg3  BFS of Ry
(nm) (GHz) (GHz) (GHz) (GHz)
3 7.022 7.098 7.230 -
35 7.023 7.081 7.183 7.321
4 7.024 7.069 7.150 7.265

The optic—acoustic coupling efficiency of higher-order
acoustic modes decreases with the increase of the fiber core.
The coupling efficiency gradually increases with the increase
of the acoustic mode order, and the variation amplitude also
decreases with the increase of the core when the diameter of
the core is larger than 3 um. Moreover, the BFS changes when
the core diameter is different because Bop[ and the core radius
are related to the intrinsic equation of the core mode of the
single-mode fiber.!>”! Then, we explore the BFS variation cor-
responding to each higher-order mode, and the BFS parame-
ters are listed in Table 1. As can be seen from the table, the
BFS of Rp; moves slightly toward the high frequency with the
increase of the core diameter, whereas the overall BFS of the
higher-order mode moves toward the low frequency, and more
higher-order modes are produced due to the value of 3, in-
creasing. At the same core diameter, the BFS diversity of var-
ious higher-order acoustic modes increases gradually; mean-
while, it decreases as the core diameter increases. In summary,
the optic—acoustic coupling efficiency corresponds to a higher-
order mode, and the movement of BFS is more pronounced
when the core diameter is small.

4.3. Brillouin gain spectrum

The fiber structure affects the field distribution of light
mode and acoustic mode, and ultimately affects the interaction
between the two modes, thereby obtaining different BGS. 8]
The calculated BGS of the step-index GAST fiber at 2 um
is presented in Fig. 7 to further obtain the influence of the

fiber structure on Brillouin gain induced by different acoustic
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modes. Referring to the influence of wavelength of chalco-
genide fibers, such as the Ge—As—Se fiber and the phonon life-
time of glass, the Brillouin gain linewidth of GAST fiber is
estimated at 25 MHz, which is the maximum Brillouin gain
linewidth of the currently known chalcogenide fiber working
at 2-pum wavelength for subsequent comparison, then, the cor-
responding gg is calculated from Eq. (6).[1%-12.2]

The BGS comprises three or four peaks, each corre-
sponding to the contribution of Ry, acoustic mode. The
GAST fiber with 3-um-diameter core shows three peaks at the
acoustic frequencies fg; = 7.02 GHz, fg, = 7.10 GHz, and
/B3 = 7.23 GHz with the Brillouin gain coefficients gg; =
3.808 x 107 m/W, ggr = 3.767 x 10°° m/W, and ggz =
3.7 x 1077 m/W, respectively, as indicated in Fig. 7. There
are four peaks at the acoustic frequenciesfg; = 7.02 GHz,
fe2 = 7.08 GHz, fgz = 7.18 GHz, and fg4 = 7.32 GHz
with the Brillouin gain coefficientsgg; = 3.808 x 1072 m/W,
g2 =3.777 x 1072 m/W, gg3 = 3.723 x 10~° m/W, and gp4 =
3.653 x 1072 m/W of GAST fiber with 3.5-um-core diameter,
respectively. The peak of BGS corresponding to Ry is rela-
tively low, which is weaker and invisible when the core diam-
eter is 4 u m. There exist four peaks at the positions of the
acoustic frequencies fg; = 7.02 GHz, fgy = 7.07 GHz, fg3 =
7.15 GHz, and fg4 = 7.27 GHz with the Brillouin gain co-
efficients gg; = 3.808 X 1072 m/W, gp2 =3.783 x 107° m/W,
gB3 = 3.74 x 107 m/W, and gp4 = 3.681 x 10~ m/W, respec-
tively. The multi-peaked BGS reflects the presence of several
acoustic modes at different frequencies and explains the values
of the overlap integral. The overlap of optical mode and acous-
tic mode significantly affects the intensity of SBS. Thus, the
difference in BGS is primarily attributable to the coupling co-
efficient of light force and the various acoustic modes.
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Fig. 7. Brillouin gain spectra of GAST fibers with different core diameters.

4.4. SBS threshold

Equation (7) demonstrates that the SBS threshold power
decreases with the increase of fiber length on the basis of the
loss of GAST fiber at 2-um wavelength in Ref. [29] being

3 dB/m as shown in Fig. 8. The SBS threshold is 58 mW
when the fiber length of 3-um-core diameter is 2 m, which fi-
nally decreases to 37 mW as fiber length increases. The reason
is that the effective length of the fiber increases to a constant
with the increase of the fiber length, resulting in the gradual
decrease of the SBS to a constant. Figure 8 shows that the
SBS threshold of 3-um-core diameter is lower than that of 4-
pm-core diameter because the small A and large gg mean
that the high SBS efficiency reduces the SBS threshold.
Finally, the SBS characteristics of step-index fibers with
different glass substrates are compared with each other as
shown in Table 2, including standard silica SMF-28, As>S3
fiber, As;Ses fiber, and the GAST fiber. Thus, the BFSs
and spectral linewidths of all the fiber samples at 2 um are
lower than those reported at 1.55-pm pump wavelength. As-
suming that the Brillouin gain linewidth is inversely propor-
tional to A2, it can be inferred that the Brillouin linewidth of
AsySes fiber at 2 pm is lower than the linewidth correspond-
ing to 13.2 MHz at 1.55-pum pump wavelength. '] The Bril-
louin linewidth of the GAST fiber is estimated to be less than
25 MHz according to the known As;S3 fiber with the widest
linewidth, the Brillouin effects with silica and other chalco-
genide fibers are compared with each other, and the value is
further calculated here. The A.¢ of the small-core GAST fiber
is less than 15.34 um? with 4-pum-core diameter. The small
core structure concentrates the optical field in the core and im-
proves the optic—acoustic coupling efficiency. The ng¢ of the
GAST fiber at 2-um wavelength is 3.19, which is much larger
than the counterparts of other silica and chalcogenide fibers,
so the calculated NA of the fiber is much larger than that of
chalcogenide fiber. Moreover, V of the GAST fiber is also
similar to that of chalcogenide fiber, indicating that the num-
ber of their transmission modes is an approximate value. The
gn of the GAST fiber is 3.81x10™° m/W and the SBS effi-
ciency gp/Acf is as high as 248 m~!. The gg /A is larger
than those of the above-mentioned fibers as shown in Table 2.
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35[
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Fig. 8. Curves of Brillouin threshold power versus length of GAST fiber
with different core diameters.
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Table 2. Comparison of parameters related to SBS characteristics of step-index fibers with different glass matrices.

Parameter SMEF-28 AspS3 AsySes TZN GAST
Wavelength, A (pum) 2 2 1.55 2 2
Core diameter (m) 8.2 6.1 6 4 4
Effective index, negr 1.44 2.443 2.81 1.944 3.19
NA 0.14 0.26 0.18 0.7 0.37
V-number 1.8 2.5 22 4.4 2.3
Fiber loss (dB-m~1) 0.022 0.2 0.84 0.5 3
Length (m) 500 2 5 2 2
Effective length, Leg (m) 180 1.91 32 1.79 1.27
Effective area, Aeg (Lm?) 101 26 39 10 15.34
Brillouin frequency shift, fg (GHz) 8.4 6.21 7.95 6.17 7.02
Brillouin linewidth, A fg (MHz) 15 25 13.2 15 25>
Calculated Brillouin gain coefficient, gg (10~° m-W~!) 0.025 1.17 6.08 0.13 3.81
Calculated SBS efficiency, gg /Aet (m~ 1w 0.25 45 156 13 248
Calculated SBS threshold, Py, (mW) 13000* 902 85 420 66
Reference [10] [10] [9] [10,31] this work

aCalculated from 10-m-long fiber segment in Ref. [10]. PEstimated from maximum linewidth of fiber in table.

Table 2 demonstrates that the estimated Brillouin thresh-
old power for the GAST fiber of 2 m is roughly 66 mW, which
is much lower than that of As,S3 fiber. This is because the
large nonlinear characteristics of the GAST fiber compensate
for the deficiency of the fiber loss compared with other fibers,
thereby improving the SBS efficiency. Ultimately, better Bril-
louin effect can be achieved by further reducing the fiber loss.
Finally, the BGS peak of GAST fiber reaches a relatively high
value of 373x 10~ m/W, indicating that the increase of core
refractive index is more conducive to significantly enhancing
the BGS value.

5. Conclusions

In this work, we prepared GAST glass with high refrac-
tive index at 2 pum, simulated the characteristics of the SBS
with varying core diameters on the basis of the step-index
GAST fiber, and further analyzed the coupling mechanism of
higher-order acoustic modes in the acoustic field and optical
field for the first time. The simulation results show that the
optic—acoustic coupling efficiency is close to 1 in the funda-
mental acoustic mode of step-index GAST fiber. In the single-
mode optical transmission, the optic—acoustic coupling effi-
ciency and BFS difference of the higher-order mode with a
smaller core diameter are high and significant. The Brillouin
threshold power of GAST fiber is calculated to be 66 mW
when the fiber loss is 3 dB/m. The Brillouin gain coefficient is
3.81x107° m/W and the calculated SBS efficiency is as high
as 248 m~'-W~!, which are substantially higher than those of
the reported chalcogenide fibers. The GAST glass with good
transparency and high refractive index at 2-yum wavelength of-
fers great possibilities for selecting gain medium for Brillouin

fiber laser. Simultaneously, the SBS properties corresponding

to various higher-order acoustic fields in GAST fiber offer po-
tential applications in multi parameter sensing.
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