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Abstract— Results on suppression of stimulated Brillouin
scattering in highly non linear fibers with germanum-doped
core as well as aluminum-doped core based on spagithe fiber
with a linear strain gradient is presented.

|. INTRODUCTION

A serious limitation in many applications of HighWon Li-
near Fibers (HNLF) is Stimulated Brillouin Scatteyi(SBS),
which limits the amount of power that can be lawettinto
the fiber. This, in turn, limits the maximum nordarity that
can be obtained from a HNLF, which scales as:
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where y is the nonlinear coefficient, ¢ is the effective

change in SBS shift of 340 MHz/% and a change @pef-
sion of -0.7 ps/(hm-km)/% for a germanium doped HNL
with 50 um cladding diameter [6].
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|ength' R, is the threshold power required for the onset dfigure 1. Measured change in SBS frequency shiftdispersion versus spool-

SBS, n is the nonlinear refractive index, anglthe Brillouin
gain coefficient of the fiber. (1) is often refairto as the fig-
ure of merit for SBS limited HNLFs [1].

Several methods have been proposed for incredling
SBS threshold: Linear or stepwise temperature gradilong
the HNLF [2], linear or stepwise strain gradienvrag the
fiber [3], and finally doping the core with alumimuinstead
of germanium [4,5]. In this paper we will report thre effect
of straining on Ge-doped and Al-doped HNLF.

Il. RESULTS

SBS suppression by straining the HNLF is obtainechbse
the SBS gain peak is shifted in wavelength whenfithes is
strained. So, by spooling the HNLF with a linearaist-
gradient along its length the SBS gain spectrumbeabroa-
dened and the SBS threshold consequently increa&ed.
drawback of applying tension is that the tensi@o @hanges
the dispersion properties of the HNLF. The measeffstt of
spool tension on both SBS shift and dispersiorafd@25um
cladding diameter Ge-doped HNLF is shown in FiglreéA
change in SBS shift of 290 MHz/% and a change &peti-
sion of -0.65 ps/(hm-km)/% is found (using thatd®d g fi-
ber tension gives a fiber elongation of 1.1 %).sTikiin good
agreement with the findings of Takahashi et al.p¥dund a

ing tension for a Ge-doped HNLF. Also shown aredinfits to the measured
data.

A 300 m HNLF module has been made on a spool with
200 mm core where the tension is linearly ramperhfi. 000
g to 0. Measured Stokes spectra before and afeinistg are
shown in Figure 2.

HNLF SBS-spectrum (298 m, 1000 g to 0 g tension)

35.0

30.0

——On module, 02/12/2009

25.0

——On module, 16/10/2009

20.0

——45 g tension. 16/10/2009

au

15.0

10.0

5.0

0.0 - - - -
940 950 9.60 9.70 9.80 9.90 10.00 10.10 10.20 10.30 10.40
SBS-shift (GHz)

Figure 2. Measured spectra of Stokes light for #9&e-doped HNLF before
and after straining

It is observed from Figure 2 that the SBS spectiam
broadened by a factor of 8.5 from a FWHM value #f\8Hz
to 290 MHz. It can also be seen that the straimgmains
stable over 1% month. When comparing the spectainthie

strained fiber with the spectrum for the unstraidibér in

Figure 2, with the in Figure 1 found relation betweSBS



shift and strain, it looks like the tension is effeely only

ramped between 1000 and 150 g.

Table 1. Measured properties for Ge-doped and pedddNLF spooled with low tension and with a lineaain gradient where tension is decreased lipdiann

1000to 0 g.
Ge-doped HNLF Al doped HNLF

Before strainin@After straining Before strainin@After straining
Length m 298 179
Fiber attenuation @ 1550 nm dB/km 0.83 15
Effective area @1550 nm ifm 11.5 13.5
Non linear coefficient (W-kni) 11.6 7.4
Dispersion @ 1550 nm ps/(nm-km)  0.22 -0.06 -0.12 -0.35
Dispersion slope @ 1550 nms ps/@rkm) 0.018 0.018 0.011 0.011
Zero dispersion wavelength nm 1538 1553 1562 1598
PMD ps 0.05 0.31 0.10 0.50
SBS frequency shift GHz 9.63 9.82 11.71 11.90
SBS FWHM spectral width MHz 34 290 52 245
Pin-Lett W-m 18.3 82 85 211
Pin Y- Le 0.21 0.93 0.63 1.56

A summary of all measurements on strained and udiminished by using a larger spool size. A largepiiove-

strained Ge-doped HNLF as well as an Al-doped HI8]Hs

presented in Table 1. The SBS threshold) (B defined as
the input pump power where the reflected powergisaéto
1% of the input power. Stokes spectra before atet afrain-
ing of 179 m Al-doped HNLF is shown in Figure 3.

10

T T T T
——Siralnad Al-HNLF spool (173m)
Slralnad Al-HHLF spoal { 173m]

——unelrainad A-HMLF (300m)

n
H
1
|
.
1
;
1
.
i
.
!
]
i
.

et e L AT L s

.
!

. Th
!
1
!
!
i
!

Interesy (dB)

Figure 3. Measured spectra of Stokes light for &¥®l-doped HNLF before
and after straining.

It is observed that the change in SBS frequendy dbe
to straining is 190 MHz for both the Ge-doped ardidped
fibers, thus showing that the SBS shift versusirstiathe
same for the Al-doped HNLF as for the Ge-doped HNLire
change in dispersion due to straining is slightghler for the
Ge-doped HNLF (0.28 ps/(nm-km)) than for the Al-eldp
HNLF (0.23 ps/(hm-km)). However, due to lower disjen
slope of the Al-doped HNLF, the change in its ZDMarger
than for the Ge-doped HNLF. PMD is observed to ease
significantly due to the straining. This is attried to stress
induced birefringence that arises due to the preshat the
fiber experiences at the core of the spool. THexetould be

ment in SBS threshold is obtained for the Ge-dadid F
(6.5 dB) as compared to the Al-doped HNLF (4.0 &®B)the
same straining level due to the smaller spectrdthwof the
SBS spectrum for the Ge-doped HNLF.

Finally, it is noted that the Al-doped HNLF has qumared
to the Ge-doped HNLF the advantage of 6.7 dB la&®S
threshold, and due to lower non-linear coefficiemt4.8 dB
larger FOM. The Al-doped HNLF has the disadvantafe
higher attenuation coefficient.

Spooling of HNLF with a linear strain gradient is effi-
cient method to increase the SBS threshold. Cordpsoe
applying a temperature gradient, which typical gieeSBS
shift of 0.5 MHz/°C [7], a temperature gradient 380°C
would be necessary to get the same SBS suppressiarten-
sion gradient from 1000 to O g. Also spooling tierf with a
strain gradient is much easier to implement in ficachan a
permanent temperature gradient. However, straihamgythe
draw back of dispersion change, increased PMD, elsas
long term reliability issues due to the high pererarstrain.

CONCLUSION
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