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Abstract

We review some recent results on novel fibers fothb
transmission and devices, covering bend-insensfilvers,
compensating fibers, highly non-linear fibers anddiped
fibers.

Introduction

Optical fiber landscape has been constantly evglviime last
few years have witnessed the penetration of fideeper into
the network with Fiber To The Home (FTTH) applicat
now booming. In the field of components, more anoren
applications are foreseen for specialty fibers;t ttan be
telecom, as well as non telecom based.

Research in fiber area is very active to keep peitte this

wide variety of demanding requirements. It is thepose of
this paper to review current research works for esday

applications. In the field of transmission, advahdiéers

have been developed to meet the specific requiresmein
FTTH ; compensating modules have evolved to acctamt
stringent Ultra Long Haul (ULH) system constrain@n the

component side, PCFs (Photonic Crystal Fiber) awarly

paved the way to realize improved non-linear opffiteers

that can target a large range of applications.aat, lwe will

cover recent advances in the fabrication of Er-ddjiers.

Bend-insensitivefibersfor access applications

FTTH is now a reality with transmission needs cdl¥d/s or
more. This has spurred the development of fibetsbiting
reduced bending sensitivity compared to today 8ingbde
Fibers (SMF), to better account for FTTH specifieeds.
Lower volume at the storage points, as well aseased
resistance towards incidental bends originating mfro
improper fiber deployment, and sharp bent for itetian in
corners are indeed required.

For classical step-index SMF, well-known solutionréduce
bending sensitivity consists in decreasing the médkl
diameter over cutoff wavelength ratio (MAC valuey b
increasing cut-off wavelength and/or decreasing evideld
diameter [1-3]. However, bending loss levels remain
significantly high when applying incidental kinkstk radii

in the order of 1 to 10 mm. Moreover, there ismotch room

to decrease the MAC value if fiber is to be kepipatible
with the ITU-T G.652 standard -that guarantees-aefined
ranges of values-.

This is the reason why other types of structuregehaeen
proposed over the past few years. Trench-assistiedicns
[4, 5] consist of a classical step-index core vdtltladding
that includes a depressed layer (so-called “trench”is
possible to find an optimized trench design thagirowes the
fundamental mode confinement without reducing itsden
field diameter; yielding significant reduced berglin
sensitivity while keeping G652 compatibility. Filser
compatible with both ITU-T G652.D and new G657A&B
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recommendations, have been demonstrated with gpehoff
structure [5]. One main advantage of “trench” dohs is
their compatibility with mature process deposition
technologies, such as versatile PCVD (Plasma Claémic
Vapor Deposition); thus enabling large-scale préidac
Hole-assisted solutions are interesting alternatiy2, 4].
Trench layer is here replaced with air-holes stmecin the
cladding. Air-holes physical impact is similar toettrench
one but it could bring solutions with even more den
insensitive performances in the future.

System constraintson DCM design

At present, fiber-based dispersion-compensating uteod
(DCM) is the preferred technology to achieve théusi
dispersion management required in terrestrial WQtesns.
In the past few years, major progress has been mdd€M
developments, in order to account for always engMULH
system constraints [6-9].

In [8], we established a simple analytical exprassif the
achievable distance of WDM systems as a functiobath
insertion loss and non-linearity of DCMs. We showhdt
the most efficient way to increase the system perémce
was to design dispersion-compensating fibers (DGHFH)
high negative dispersions. Reaching values of -260p-km
at 1550nm allows to gain ~15% (resp. ~5%) in distafor
G652 (resp. G655.D) fiber-based systems compared to
typical -100ps/nm-km value. The drawback is thatrdasing
dispersion can alter both PMD and residual disparéRD)
that also have impacts on system performance [9].

As a general rule, it is more difficult to manufaet DCFs
when the dispersion is more negative, and espgomth
respect to PMD. But nowadays typical values of ldemn
0.10pstkm can be reached through tight controls of the
manufacturing process, even at -250ps/nm-km [6kid&ss,
systems tolerate a fixed cumulated DCF PMD (linkedhe
~10% bit-time limit that also includes contributoiwf line
fiber and amplifiers) and moving from -100 to -250pn-km
allows to gain a factor of(250/100)~1.58 on the maximum
DCF PMD value. As a consequence and to a certdengx
there is no real PMD drawback when one targets more
negative dispersion to improve system performance.

Concerning the RD, the situation is more complesabee it
depends on the dispersion-over-slope ratio (DOShefline
fiber. Decreasing the dispersion has an impacthenRD of
high-DOS DCMs (that is for G652 fiber compensatjdmt
RD stays small anyway, withit0.05ps/nm-km over the C+-
band [6,9]. For low-DOS DCMs (that is for G655.dt
compensation), decreasing the dispersion hardlpentes
the RD that remains high withit0.25ps/nm-km over the C+-
band (see Fig.1). Taking into account this effest find that,
at 40Gbps bit-rate, reaching -250ps/nm-km for HgDS
DCM reduces the gain in distance from ~15% to ~10%



compared to -100ps/nm-km, whereas for low-DOS DGlivs
gain stays ~5% [8, 9].
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Fig. 1: RD as a function of wavelength for -100li¢sourves) &
-250ps/nm-km (dashed curves) dispersion and for2Gback
curves) & G655.D (gray curves) compensation.

Highly non-linear fibers
Highly non linear fibers (HNLF) have attracted & lof
attention either for telecom (all optical signalogessing,

parametric or Raman amplification) or non telecom

applications (white light sources, fiber Raman lagse

Most of HNLFs are derived from SMF by modificatia

both the guiding parameters and the material naeal
parameter. Higher index contrast and smaller ciaeneter
lead to a strong reduction of the effective areheWWas the
corresponding increase of Ge (germanium) contenthe
core also allows to increase the cpefficient. Best fiber,
using conventional technology, has Ge concentratfanore

that 40wt%, effective area in the range of 10ung|ding

non linear coefficieny of about 20Wkm™ and loss of
0.5dB/km [10]. Nevertheless there are some linttsstich
modifications and chromatic dispersion propertiaa only
be tailored within a limited range of wavelengths.

To get even higher non linearities, shifting froilica-based
fibers to fibers made from multicomponent glassegh as
Bismuth-based, telluride or chalcogenide glasses, dso
been extensively studied. Nevertheless such filserf$er
from much higher loss and practical issues likebdity and

splicing to SMF. These can represent some drawbacks

essentially for telecom applications.

Fig. 2 : Highly-non linear PCF (#=5 unf) with a close-to-zero
matched chromatic dispersion [12].
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The potential of Photonic Crystal Fibers (PCF) thance
nonlinearities has been recognized at an earlyestégheir
development. This is essentially due to the higHein
contrast between air and silica that allows tohferrtdecrease
the Effective Area. Values as low as a few?umve been
reported. Doped rod in the core can be used as wwell
enhance non-linearities [11]. Even if loss is silllimiting
issue compared to classical-technology fibers, P&ifs be
designed to truly adjust chromatic dispersion proge For
example, zero chromatic dispersion wavelengihcan be
adjusted from visible up to telecom bands [12].

Erbium-doped fibers

Erbium Doped Fiber Amplifier (EDFA) is widely
acknowledged as a key technology that has enaltied t
dramatic capacity increase from Gbit/s to Thit/stnessed
over the last decade in telecom applications. & $urred
the development of WDM technologies and the extensse

of dispersion management.

EDFAs are based on specific Erbium-Doped FibersHED
that allow optical amplification through WDM window
thanks to the incorporation of aluminum in the niti of the
active Rare-Earth dopant. Further doping with ahum

allows unmatched properties [13]. Most common process to

manufacture such fibers involves incorporation ofaid Al
in a porous core layer through a preform-soakirep,ses
these elements are very difficult to incorporatmgs/apor-
based processes.

However, today doping technologies -based on selubl
chloride precursors mixing- have achieved theiritbmin
terms of doping homogeneity and capabilities. s fhrame,
nanotechnology is now offering new potentialitigartks to
molecular engineering that allows to define anelfirbuild

Er chemical environment in a preliminary nanopétidNP)
manufacturing stage. It is then possible to intcedthese
NPs into fiber core using an innovative doping @ptd14].
By using NPs that include Al and Er ions, the ED§&n
shape of classical highly aluminum-doped EDFs can b
achieved using far less aluminum, and with an imedoEr
doping homogeneity all along the fiber. Such perfances
pave the way for even flatter and wider gain EDBAuBIng
a smart selection or Er ions co-dopants.
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