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Technical University of Denmark

Macro-bending loss properties of photonic
crystal fibre

T. Serensen, J. Broeng, A. Bjarklev, E. Knudsen and
S.E. Barkou Libori

Photonic crystal fibres are examined with respect to bending loss.
An equivalent step-index fibre is modelled using an effective-index
approach for the mucrostructured cladding. Measurements have Electron. Lett, vol. 37’

been performed in a broad spectral range, and the results agree pp_287-289, March 2001.
well with the calculated losses.

Spectral macro-bending loss considerations for
photonic crystal fibres

T. Sarensen, J. Broeng, A. Bjarklev, T.P. Hansen, E. Knudsen, S.E.B. Libori, H.R. Simonsen and J.R. Jensen

Abstract: Both a scalar method and a fully vectorial method have been applied to modelling
the bending losses in photonic ¢rystal fibres (PCFs). Due to a decreasing index difference between
the core and the cladding towards short wavelengths, an unusual loss mechanism is seen, that is a
short-wavelength loss edge. This is verified by measurements. For large-mode area PCFs, the
model gives a massive overestimate, never an underestimate.

IEE Proc. Optoelectron., vol. 149, pp. 206-210, Oct./Dec. 2002.
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Technical University of Denmark

I

Fig. 1 Schematic of a PCF with a bend radius R

The end view shows a scanning electron micrograph of a fibre with air
hole diameter d = 2.4 um and pitch /. = 7.8 pm. Effective mode area is
approximately 100 um* at 1550 mm

fibres Sakai and Kimura [7] considcred an arbitrary index
profile and calculated « perturbatively:

_ /42 pexp(—4AWR/(3pV7)) )
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Understanding bending losses in holey optical fibers

Joanne C. Baggett *, Tanya M. Monro, Kentaro Furusawa,
Vittoria Finazzi, D.J. Richardson

Optoelectronics Research Centre, University of Southampton, Southampton SOI7 1BJ, UK
Received 7 January 2003; received in revised form 23 September 2003, accepted 24 September 2003

Abstract

Extremely large mode area fibers that are single-moded over a broad wavelength range can be created using holey
fiber technology. However, as with any fiber, the largest mode areas that are practically feasible are ultimately de-
termined by bending losses. It is therefore essential to gain an understanding of the factors that influence bend loss in
these fibers in order to form accurate predictions that can facilitate improved bend loss design. Here, we present the first
detailed study of transition loss and pure bend loss in a holey fiber, and consider the impact of the fiber structure, A
theoretical model 1s derived that retains the full refractive index profile of a holey fiber. This approach is used to predict
the bend loss in large mode area holey fibers and is validated through comparison with experimental data. For the fibers
under study here, we demonstrate that pure bend loss is the dominant component of macro-bend loss and that the hole
configuration within the cladding can strongly influence this loss.
© 2003 Elsevier B.V. All rights reserved.

Optics Communications, vol. 227, pp. 317-335, 2003
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University of Southampton

Hermite-Gaussian basic function
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Fig. 5. Mode propagating in the z-direction around a bend of
radius R, in the x-direction.

suffering loss, the local group velocity along the

phase fronts of the mode must decrease on the

inside of the bend and increase on the outside of

the bend in order to maintain a constant angular’

velocity across the mode. At some distance to-
wards the outside of the bend (x,), the required
group velocity will exceed the local speed of light.
This condition is given by

v= ()R &

(2)

University of Southampton
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Confinement losses in microstructured optical fibers

T. P. White, R. C. McPhedran, and C. M. de Sterke
School of Physics, University of Sydney, Sydney, NSW 2006, Australia ﬂ
L. C. Botten

School of Mathematical Sciences, University of Technology, Sydney, NSW 2008, Australia

M. J. Steel
Department of Applied Physics, Columbia University, 500 West 120th Street, New York, New York 10027

Received May 9, 2001

We describe a multipole formulation that can be used for high-accuracy calculations of the full complex propa-

gation constant of a microstructured optical fiber with a finite number of holes. We show how the imaginary Fig. 1. Longitudinal component of the Poynting vector of

part of the microstructure, which describes confinement losses not associated with absorption, varies with hole ;h(f 1ca|f(y .fundamenlfﬂ mode of t}.le MOF_conSisting of 18
size, the number of rings of holes, and wavelength, and give the minimum number of rings of holes required A{E es 0_ dllasrgletcr d }: 0‘?2 pum with spacing A.‘ =23 pam.
for a specific loss for given parameters. © 2001 Optical Society of America A= 105 em the 'btructural loss O.f this mode is
OCIS codes: 060.2280, 060.2400. 1600 dB/m. |Cont0ur lines are at 0.5-dB intervals.
ﬂ Optics Lett., vol. 26, pp. 1660-1662, Nov. 2001
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Low water peak photonic crystal fibres
K. Tajima, J. Zhou, K. Kurokawa, and K. Nakajima
NTT Access Network Service Systems Laboratories

1-7-1 Hanabatake, Tsukuba, Ibaraki, Japan ECOC, pp42-43, 2003

Email: tajima@ansl.ntt.co.jp

Abstract We have succeeded in development of a low loss (0.28dB/km) photonic crystal fibre by dehydration
process. The lowest OH absorption peak at 1.38um was 0.4dB/km. This is comparable to that of a conventional
single-mode fibre.
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Fig. 1. Optical properties of lowest loss PCF
(a} Optical attenuation (b) Dispersion
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Low water peak photonic crystal fibres
K. Tajima, J. Zhou, K. Kurokawa, and K. Nakajima
NTT Access Network Service Systems Laboratories

1-7-1 Hanabatake, Tsukuba, Ibaraki, Japan ECOC, pp42-43, 2003

Email: tajima@ansl.ntt.co.jp

Abstract We have succeeded in development of a low loss (0.28dB/km) photonic crystal fibre by dehydration
process. The lowest OH absorption peak at 1.38um was 0.4dB/km. This is comparable to that of a conventional
single-mode fibre.
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Fiber Designer
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709-0854 1607

E-mail: Tyoko@noah-c.com

PCF

Numerical Analysis of Confinement Loss

including Bending Effects for Holey Fibers

Kiyoyuki YOKOYAMA™ and Mio OHBA™

T Noah Consulting Limited 1607 Ejiri, Seto, Akaiwa, Okayama, 709-0854 Japan

E-mail: Tyoko@noah-c.com

Abstract Confinement loss including bending effects for holey fibers was calculated using numerical simulator, Fiber
Designer, which can flexibly be applicable to the fiber structures. The confinement loss was estimated by imaginary part of
complex eigenvalues of the wave equation. The obtained results well agreed with the reported values.

Keywords holey fiber, bending loss, eigen problem, complex mode solver, PCF (photonic crystal fiber)
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