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Abstract: We design a cladding-pumped fiber Raman pump and ?-Stokes, respectivelydre andAga are the core

amplifier with a wavelength-filtering W-type corerf the

and inner-cladding area, aml,. andDg, are the core and

suppression of thé'2order Raman Stokes. This increases the inner-cladding diameter. Equation (1) follows frothe

useable inner-cladding-to-core area ratio, whicmebits
power scaling
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1.INTRODUCTION

Compared to their rare-earth (RE) doped counterpart

cladding-pumped (CP) fiber Raman devices [1]-[4]ehtheir
own concerns, such as the generation of tA%or2ler

symmetry of SRS in terms of Raman gain on the Stacide
and nonlinear depletion on the anti-Stokes side] Hre
effective-area dependence. See (11) and (12) ifofS]etails.
However, any loss at thd“Stokes modifies (1) as below,
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where gr(A, A) is the Raman gain coefficient at the
wavelengtht; induced by power at the':BtokesAy, a(4) is

stimulated Raman scattering (SRS). Second-order SR$he |oss per unit length alt, andL is the fiber length. Note

imposes a quite tight limitation on the inner-cladgto-core
area ratio within which pump power propagatinghia inner
cladding can be efficiently converted td-3tokes power
propagating in the core [5]. However, if th&-Stokes can be
suppressed, the limitation is relaxed and the hotegding
area can be increased. A W-type fiber is a wellvkmo
short-wavelength pass filter [6] that have alreaddgn used
for SRS-suppression in CP RE-doped fiber devick§8[by
bending the fibers. The approach relies on thetsgigcsharp
bendloss characteristics of W-type fibers.

In this paper, we design a CP Raman fiber with &ypve

core to suppress"2order SRS. This way, we manage to

increase the allowable area ratio from 8 to 36 #mel

inner-cladding diameter to 108m, thus allowing pump
sources with lower brightness to be used. We censid

Raman pump wavelength of 1.5%n, where suitable pump
sources, e.g. pulsed Er-doped fiber lasers, aralilyea
available and background loss is also low in siiicer.

2.RELAXATION OF AREA RATIO RESTRICTION

Our analysis is based on the model presented .inT]
achieve efficiently the desired conversion from pgump to

the T'Stokes, there is a condition on area ratio of the

inner-cladding to core area ratio [5] as shownwglo

2
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whereG,¥® is the gain in nepers at th&Stokes and} is
the nonlinear depletion of the pump induced bylf&tokes.

Furthermore, A, and A, are the wavelengths of the Raman

that while in the absence of filtering, th&-@rder Raman
Stokes will appear at the Raman gain peak (i.el;)athis is
no longer necessarily the case with filtering sitive filter

will have some spectral dependence. Instead, ther@er
Raman Stokes typically appears at a shorter wagtieh,

such thatA; < A < A, and all possible "Yorder Stokes
wavelengths need to be considered in (2).
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Fig. 1.Agad/ Acore VS. Wavelength and normalized Raman gain coefficient
spectrum. The parameters of the W-type fildgs.= 36rmum? cut-off
wavelength is 1.85im with bending radius of 20 cm.

Figure 1 shows the spectrally resolved area ratii, lwith
and without filtering, for a 30 m long fiber. Sintlee area
ratio needs to be smaller than the spectrally vegolimit for
all wavelengths, the overall area ratio limit iserththe
minimum of the spectrally resolved area ratio lifiihe loss



spectrum we assume is shown as wajl. A;, and A, are
1.55um, 1.66pum, and 1.79um, respectively. We see that
indeed, the area ratio is limited at the peak efRaman gain
coefficient, at 1.79m, in the absence of filtering. With
filtering, the limiting wavelength is shifted mucloser to/;.
At the same time, the overall area ratio limit ioy@s from 8
without filtering to about 43 with filtering.

3.W-TYPEFBER DESIGN

We still need to design a fiber to provide suitabharp
spectral filtering. For this, it helps to have tHgference
between the refractive index of the cladding)(and the

Figure 2 shows how the permissible overall are#,rat
determined from Eq. (2), as in Fig. 1, dependp.ohhe filter
sharpness parametpris in turn determined from bendloss
calculations according to Marcuse [10]. The lossAatis
assumed to be 0.01 dB/m, leading to a total 10s8.3fdB
over the 30 m long fiber that we target. Howevee, fnave
found that the influence ofl; and the fiber length on the
overall area ratio limit is relatively small, praed that the
total I*-Stokes loss is fixed (0.3 dB in our case).

While a larger area ratio is helpful, what reallgtters is a
large inner-cladding area. This is also shown imy. B
calculated as the overall area ratio limit mulégliby the core

depressed regiom4,) as large as possible, although this is area of different fiber designs. Both a large awe#o and a

limited by the fabrication process for the low-lgsiica fibers
we require. The refractive index of the pure siied .445 at

large core area help to increase the allowablerinlaelding
area. However, there is a trade-off between coea @nd

1.55um. We assume that the refractive index can be egtluc filter sharpness, and thus area ratio. Thus, fétearpnesses

to 1.44, using the MCVD fabrication process. Themfng,

beyondp = 0.027 nm" require rapidly decreasing core sizes,

is set to 1.44. Moreoveny is set at 1.457, corresponding to a to the detriment of the inner-cladding area. Thiselated to a

modest up-doping of the cladding (typically with )G&he
radius of the depressed regi@p,) is set as twice of the core
radius é.,) to provide flexible control of the fundamental
cut-off wavelength 4.) [9]. The core refractive indem, and
radius are then adjusted together to obtain specifiues of

A.. For eachl,, the design that allows for the largest core area

is selected as being the best one. This is typith# largest
core that allows for sufficiently smalf4Stokes bendloss at
our maximum bend radius of 20 cm.

In addition, different designs result in differgntsharp
bendloss spectra, and therefore in different aatia fimits.
(This is a relatively small effect i is kept constant.) We
parameterize the bendloss spectrum using curvegfiths
shown in (3),
a(BA+A)=a(A)lexp(pl(AA+A) +

p-1.9620107% + p[B.772[107°) (AL + A)?

+ p[{-2.753007° + p[7.803[10°°) (A + A)?)
Al is the wavelength of offset froohy, a(A,) is the loss afl;
[dB/m] .This results in a filter sharpness parametevhich,
close toAy, is the slope of the bendloss on a logarithmidesca

with respect to wavelength. Thys= 0.02 nm" implies that
the bendloss increases by a faaer2.718 over 50 nm.

(3)
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Fig. 2. Area ratio of the inner-cladding to theecand inner-cladding area
p for W-type fiber.

hump in the Raman spectrum at around 80'cmhich
reduces the benefits of filters sharper than0.027 nm". For
p < 0.027 nm the allowable inner-cladding area first
decreases and then increases again. This reginie: also be
interesting. However, at least with some fiber desj this
regime would be highly susceptible to micro-bendinyich
makes it less attractive. Therefore, we view therfiwithp =
0.027 nm*, and with ax= 9um and ne= 1.4589, as
particularly promising. It is identified by a ciecin Fig. 2.

Such designed fiber can be useful to generate pbayter
or high energy source with diffraction-limited tlugh CP
fiber Raman amplifiers or lasers. More details,,eog optical
damage which can also limit the area ratio, willdieen at
the conference.
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