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Abstract: A 125um glass diameter trench-assisted single-rfibdewith a record £ of 155um?
and attenuation of 0.183dB/km at 1550nm is reporidds fiber shows acceptable micro-bend

losses compared to those of a SSMF.
OCIS codes:060.2280 Fiber design and fabrication, 060.233@Foptics communications

1. Introduction

In long-haul transmissions, dispersion issues ame dealt with advanced coherent detection and aligiignal
processing techniques [1-4]. This new landscapefdstered innovation in low-attenuation, large effee-area
(Aer) fibers. During the past 2 years, demonstratidnigbers with attenuations below 0.185dB/km ang; karger
than 110umz? at 1550nm (that has been the typidaéfar more than a decade) have been reportedl [5-8

To design such fibers, step-index profiles onlyepffmited possibilities: low index differences alaige core
diameters are required to enlarge thg, Avhich inevitably deteriorates bending and cutoéhaviors. Adding a
slightly depressed-index cladding next to the $telex core helps to reduce the macro-bending andffcu
degradations [6]. But, the main limitation to fuethenlarge the & is the micro-bending sensitivity that greatly
increases. An alternative to these structures stmngi placing a largely depressed-index regiothéncladding, i.e.
a trench, slightly apart from the step-index cdreese trench-assisted profiles not only providerowed macro-
bending and cutoff performances, but also bringsicant advantage in term of micro-bending bebajg].

In this paper, we show how such structures canieffily be used to design 125um glass diametefesingde
fibers with Ay larger than 150umz2 at 1550nm and with acceptaideorbending sensitivity.

2. Fiber design

In 2008, we reported a trench-assisted fiber withoA 120um?, attenuation of 0.183dB/km at 1550nm]ecabtoff
wavelength <1480nm and macro- and micro-bend ldsses than those of a Standard Single-Mode FiB&MF)
[5]. To further improve the performance of suchitzerf, one can lower the attenuation and/or enldingeAq.
Keeping the same index profile and using a puieasidore structure, we have fabricated a fiber Withof 121um2
and attenuation of 0.171dB/km at 1550nm, and s characteristics as those of Ref.[5]. But fartenlarging
the Ay requires to adjust the index profile and to cdhefavestigate the impact of micro-bend losses.

In that purpose, we have calculated the micro-besses of step-index profiles and of trench-assiptefiles as
a function of Ay at 1550nm (see Fig.1), using the formalism dewedoip [9] and experimental data for the SSMF
and for Ref.[5] (collected using the Method B of tEC TR-62221 document).
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Fig.1: Comparison of step-index fibers (gray) amhth-assisted fibers (black) with same glass diaintg 125um and same dual-coating
properties and outside diameter of 245um: indefilpso(a), theoretical (lines) and experimentahifpls) micro-bend losses at 1550nm (b)
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For fair comparison, all fibers have macro-bendéss<10dB/m at 10mm bend radius at 1625nm, calbdéf cu
wavelengths <1530nm, same glass diameter of 12%mth,same dual-coating properties and outside denoét
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245um. Trench-assisted profiles allow to gain d@ofaof ~10 in micro-bending sensitivity comparedstep-index
profiles. This is due to a specific mechanism thaits the coupling between the fundamental modd tre
radiation modes that are confined by the trenchT8]s allows to target an¢of 160um?2 at 1550nm with micro-
bend losses less than 10 times higher than thas&S8MF.
To get a better picture of the advantages broughthle enlargement of 4 we have used an analytical
expression that gives the achievable distanceaokinission systems [10]. For all calculations, w&eehconsidered
realistic non-linear-index gh and splice-loss values (2 splices with SSMF pan}, span length of 50km, discrete
amplification and no optical dispersion compensatiig.2 shows the achievable distance as a functicA. for
different attenuations compared to a standard wederfiber (p=2.6x102°m?/W, attenuation=0.185dB/km,
A«~=110pum?). For same attenuation, enlarging thefrom 110 to 160um?2 allows to gain ~20% in distaraoed for
same Ay, reducing the attenuation from 0.185 to 0.165dBédiows to gain ~10% (note that for longer span

lengths, the gain would be higher [4]).
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3. Experimental results
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Fig.2: Achievable distance of a 50km-span transiomssystem as a function offfor different attenuations at 1550nm compared to a
standard undersea fiber with#&110pum?2 and attenuation of 0.185dB/km
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Based on these considerations, we have designefdlancated a 125um glass diameter trench-asssatgte-mode
fiber with Aes of 155um?2 and attenuation of 0.183dB/km (germanilaped-core structure) at 1550nm, using our

standard PCVD and drawing processes. Main charstiterare given in Table 1.

Table 1. Characteristics of the 125um glass dianfidier

Chromatic Dispersion ps/nm-km 21.7
Dispersion Slope 1550nm ps/nm2-km 0.064
Cable Cutoff Wavelength nm 1550
Effective Area 1550nm pum2 155
1530nm 0.189
Attenuation 1550nm dB/km 0.183
1570nm 0.181
. 1550nm 0.4
Macro-Bend Loss at 10mm bend radius 1625nm dB/m 05
Micro-Bend LOSSjec Tr 62221, method 82450 M coating diameter ~ 1550nm dB/km 14.7
Micro-Bend LOSSec Tr 62221, method 5320 M coating diameter ~ 1550nm dB/km 1.3
Polarization Mode Dispersion 1550nm  psAkm 0.05

Because trench-assisted profiles allow for muchebdight confinement than step-index profiles, ywéow
macro-bend losses of 0.4 and 0.5dB/m at 10mm badidg have been obtained at 1550 and 1625nm, tespec
which is 10 to 20 times less than those of a SSMF.

Micro-bend losses have been carefully investigatgidg the Method B of the IEC-62221 document (gpéct
losses are recorded in standard temperature andlityisonditions before and after winding 400m ditser with a
tension of 3N around a 320mm-diameter drum coatiéd & 40um-grade sandpaper, the difference givirg t
micro-bend-loss spectrum of the fiber). Fig.3 sumpes our findings. Experimental results are indjagreement
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with the theory. The fiber with glass diameter @bfim and dual-coating diameter of 245um experieackss
increase of 14.7dB/km at 1550nm. This is indeed tban ten times higher than what is obtained f&@SMF
(1.6dB/km at 1550nm) with same coating properties dimensions, which is remarkable given the vargd A
of the fiber. We have then investigated the impafcthe dual-coating diameter. Keeping same 125passgl
diameter and increasing the dual-coating diametem f245 to 320um, the micro-bending sensitivity damn
decreased by a tenfold factor, bringing the miceaéeblosses (1.3dB/km at 1550nm) to the level of SIsMF.
Finally, we have also measured the trench-assisteetsilica-core fiber with 4 of 121um?2 and attenuation of
0.171dB/km at 1550nm. As expected, this fiber li@adlar micro-bend losses as those of Ref.[5].
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Fig.3: Theoretical (line) and experimental (circlasgro-bend losses at 1550nm of different 125umgtiameter trench-assisted fibers; the
experimental SSMF value (gray triangle) is givendomparison

At last, average splice losses of 0.03dB have lwstained between two 155um? fibers, while splicioga
SSMF resulted in losses of 0.13dB using an appatghbiridge fiber.

4, Conclusion

Micro-bend loss is the main limitation of.fA enlargement when one wants to keep a standardnizfigss
diameter. In addition to optimizing coating projst trench-assisted profiles bring significantatages because
the trench reduces the coupling between the fundthmode and the radiation modes, providing annisically
lower micro-bending sensitivity than that of stepéx profiles.

Taking these considerations into account, we haggded and fabricated a 125um glass diameterhtrenc
assisted single-mode fiber with a recorgi Af 155um?2 and attenuation of 0.183dB/km at 1550mihis fiber
exhibits acceptable micro-bend losses compardubetof a SSMF, even though thg: & ~twice as large.

The authors would like to thank M. Salsi and G. i@dor fruitful discussions, and the French ANRY partially
funding this work through the STRADE project.
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