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Abstract: Based on extensive numerical simulations we fateiea3-cell core photonic bandgap
fibre. Robust single mode guidance is observed aften metre length propagation.

1. Introduction

Hollow core photonic bandgap fibres (PBGFs) allaght guidance in a low refractive index dielectrémabling
significant advances in applications such as higlgy laser delivery, pulse compression, gas sersidgyas-based
nonlinear optics, amongst others. It is well kndhat the most widely employed PBGF, incorporatirapee with 7
missing cells (7¢) is multimoded [1]. An even gezaiumber of guided modes are supported from tigedaore 19
missing cell core (19c) variants reported. In baéises, a number of studies have demonstrated yhasibg a
sufficient length of fibre, a nearly single modeamu can be achieved; this is attributed to a difidial loss between
fundamental mode (FM) and higher order modes (HORIs)However, this approach fails for device apations
requiring a single mode output in a short lengtHilmfe. A recent numerical study suggested thatdayicing the
fibre core to only 3 omitted capillaries (3c) arélihat is single moded at all wavelengths withim bandgap can, in
principle, be realised [3].

In this study we extensively compare the modal prigs of realistic PBGFs with a 3¢, 7c and 19cecor
Encouraged by the predictions of truly single mbdkaviour for a 3c PBGF, we then fabricated whabeleve to
be the first such fibre and experimentally obsemthedanticipated robust single mode guidance.

2. Simulation resultsand fabricated fibre

To calculate the modal characterisation of a 3carvat 19c PBGFs we employ a full vector finite elatmaethod.
Following previous SEM analysis of fabricated 7uréis operating at 1500 nm we based the 3 fibresddealised
but realistic cladding and core structure withfileowing characteristics: 7 rings of holes, hatekiole spacing\ =
3.8um, relative hole diameter A/= 0.97, and radius of the circular sector roundigghexagonal holes Dc/d = 0.4.
For each fibre we evaluated the main optical prigeeof all the air-guided modes. A selection cfst results,
showing the effective index {# and the normalised surface scattering coeffigiErflactor, [4]) is shown in Fig.1;
Table 1 compares the main properties of the FMge Nwat a careful choice of the core boundary tiésk [5]
allows surface mode-free FM operation at all wavgiks and in all three cases.
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Fig.1. Simulated effective index (top) and\Kbottom) of all the modes guided in the holloweséor (a) 3c, (b) 7c and (c) 19c fibres.
The simulations show that fibre 7c guides 12 m@tBs,;, LP;;, LPy, and LB;), while up to 40 modes are guided in

fibre 19c around 1570 nm. Both F-factor and CL éase with the mode order. Modes guided close tdother
edge of the bandgap present CLs around 100 dBlarger, and therefore are not likely to be obseinegractice.
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However, the first 4 HOMs (Lf) of the 7c fibre still present a minimum CL ofdethan 0.01 dB/m, while more
than 25 modes of the 19c fibre have CL lower thaiBim and therefore should all be observed overevieng
lengths. Note also that the increase in F-factoogprtional to the surface scattering loss) withdmerder is quite
modest, only ~2-3 times betweengi.Bnd LR; modes and ~4-7 times between, &8nd LB; modes. These results
suggest that the modal differential loss canndy fatcount for the nearly single mode output obseérin tens-of-
metres long PBGFs. We believe that the low coupdifiigiency of HOMs to a linearly polarised Gausssource,
optimised for the launch of the FM, also playsmapartant role here. As a result, the quality offibee output for
fibres 7c and 19c critically depends on both fileregth and input coupling conditions

Properties acrossthe bandgap at 1500 nm
3c 7c 19¢c 3c 7c 19¢c
Power in glass (%) 2-12 0.5-1.2 0.13-0.6 2.9 0.7 0.2
At [pm?] 27-80 50-60 115-130 27 50 120
v [W'km] 0.013-0.7 0.0027-0.004  0.001 0.02 0.003 0.001

Table 1 — Calculated optical properties of the E¥the three PBGF

This problem can be avoided altogether with fibeevBhere only two degenerate fundamental modesaaype
be guided inside the bandgap. We estimated thartiadier core radius results in an increased ptrgerof power
in the glass (up to ~3%) and therefore nonlinedyitywhile the CL increases by nearly two orders afymtude as
compared to 7c, suggesting that an additional ahdoles may be beneficial. The F-factor calculat{®ig.1,
bottom row) shows that the truly single mode guégaim fibre 3c is achieved at the cost of an eg8hd-5 times
increase in (surface scattering) loss as comparedc, while the 7c should be approximately 3 sirag lossy as
the 19c. Based on these values and on the lowsststo far reported for a 7c PBGF (13 dB/km [1]),peedict a
minimum loss for the 3c of around 60dB/km, whichtaterable for applications requiring only metendéhs of
fibre. Based on these encouraging results we faedca 3¢ fibre (Fig. 2(a)).
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Fig.2. (a) SEM of the fabricated fibre; (b) sime&t~M; (c) measured mode profiles after a 2 m BagBGF, for different
offsetsAx of the input launch conditions (s the core radius).

The fabricated fibre exhibits a ~250 nm wide traission window centred at 1550 nm, with only ondate mode
visible at the short edge of the bandgap. The l@agelength edge is significantly less steep thah dhserved for
fibres 7c and 19c, which correlates well with thepdrsion curve in Fig 1. The measured transmistiss of 0.2
dB/m, was limited by fabrication issues. Preliminaxperimental measurements suggest that the féamains
single mode even when a smaller-than-optimum, bffgeot size is used to launch light into shorgtes of the
fibre. Using an arc fusion splicer, we were abledasistently obtain good strength splices witlvFSwith a total
loss of ~2dB per splice (as compared to ~1dB foc &bre, with a better matched.#).

3. Conclusion

Extensive numerical simulations of realistic PBGHggest that a truly single mode fibre can be pbthivith a 3c
core. We report the first fabrication of a 3c PB@#hd preliminary near field measurements that supiher
argument of strong single mode guidance. We belieatthe truly single mode guidance may proveipaderly
beneficial in gas cells or interferometer basediegions.
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