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Fig. 1 Designed Nested HC-ARF model. (a) Structural diagram; (b) simulated loss spectrum
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Fig. 2 SEM images of fabricated Nested HC-ARF
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Fig. 3 Transmission and loss properties for fabricated Nested HC-ARF. (a) Transmission spectra of 640 m and 10 m

long fibers under same coupling condition; (b) fiber-loss spectrum measured by cut-back method
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Fig. 4 Model features for fabricated Nested HC-ARF. (a) Group delay plot of 8 m long fiber by S* imaging technique

with reconstructed mode profiles in insets; (b) MCR for different fiber lengths and LP,; mode loss
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Abstract

Objective

Since the first observation of light guidance in a hollow-core optical fiber (HCF) in 1999, the

development of the HCF has attracted much attention in the last two decades. The presence of the microstructure in

the cladding allows the HCF to confine most of the light energy in the hollow core of the fiber. This makes it possible

to break the limitations of conventional solid-state fibers with the benefits of low nonlinear effects, high damage

thresholds, low transmission losses, low latency, etc. Especially, the breakthrough results in dramatic loss reduction

achieved by a hollow-core anti-resonant fiber (HC-ARF) make this kind of fiber become one of the most remarkable
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and promising fiber types nowadays. In the present study, a 5-tube nested hollow-core anti-resonant fiber (Nested
HC-ARF) is investigated, which exhibits outstanding optical performances in terms of 0.38 dB/km attenuation at
around 1550 nm and excellent modal purity.

Methods The Nested HC-ARF is fabricated using the modified stack-and-draw method, in which the 5 nested
capillaries are first stacked and fused inside a jacket tube and then drawn to the intermediate canes. Subsequently
these canes are scaled down to fiber dimensions using a conventional cane-in-tube process. The thickness of the inner
and outer tubes is carefully controlled by holding the differential pressure to satisfy the anti-resonance conditions at
the designed operational wavelength. Finally the uncontrolled distortions are maximally suppressed by drawing the
fiber under a relatively low furnace temperature and very high drawing tension.

Results and Discussions The fundamental transmission band of the fabricated Nested HC-ARF starts at around
1265 nm and extends beyond 1700 nm. The average attenuation value of 0.38 dB/km is achieved from 1545 nm to
1660 nm, which covers the optical telecommunication C and L bands. The uncertainty shown by the grayed region
arises from cleave-to-cleave variability. Loss peaks appearing in the short wavelength edge of the transmission band
from 1340 nm to 1500 nm can be attributed to H,O absorption. By proper argon gas purging, these absorption-
induced loss peaks can be greatly suppressed. In addition, we estimate the LP;, mode loss of ~2.96 dB/m by
cutback measurements with the spatial and spectral imaging technique. This is equivalent to the higher-order mode
(HOM) suppression ratio of our Nested HC-ARF exceeding 38 dB, which is guaranteed by the resonant coupling
provided by the well-designed fiber structure. It confirms that the combination of suitable excitation, intrinsic HOM
loss discrimination and length of the fiber does indeed lead to high modal purity and effective single-mode guidance.

Conclusions We have fabricated a 5-tube Nested HC-ARF with an outstanding optical performance. This Nested
HC-ARF possesses an average attenuation value of 0.38 dB/km from 1545 nm to 1660 nm. The excellent modal
purity of the fiber is also experimentally verified. We believe that this fiber is attractive to many applications such as
long-haul data transmission.

Key words fiber optics; fiber component; hollow-core anti-resonant fiber; ultralow transmission loss; single mode
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