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Abstract: The transmission properties of hydrogenated amorphoit®milcore fibers
are characterized from the near to mid-infrared regime. [dhelinear and nonlinear losses
measured past[2m indicate their suitability for applications in the lifeisnces.
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1. Introduction

Hydrogenated amorphous silicon (a-Si:H) is becoming areemingly popular material for nonlinear silicon photanic
due to its low transmission losses, high Kerr nonlinearity bow fabrication costs [1]. To date, a number of important
photonic functions have been demonstrated in a-Si:H wadegun the near-infrared wavelength region including
all-optical modulation, photon pair generation, and paim amplification [2, 3]. Although the large bandgap of the
amorphous material{ 1.7 eV) suggests that nonlinear absorption should be modeteabms wavelengths which are
past the two-photon absorption (TPA) edge, in practicedpented values of the TPA paramefipa are of a similar
magnitude to crystalline silicon [4]. In this paper we extehe characterization of our a-Si:H core fibers beyond the
telecommunications window of 1.5um and present the first measurements of the transmissiorpiepinto the
mid-infrared regime of 2- 3um. The low linear and nonlinear losses that are measure®pastsuggest that these
fibers could find applications in areas such as sensing, imediad thermal imaging.

2. Fabrication and Characterization

Our silicon-core, silica-clad fibers are fabricated usimgwell-established high pressure microfluidic chemiaozthie
nique [4]. In this process a mixture of silane and helium (@it¢) is passed through the central hole of the capillary
under high pressures 35MPa, whilst being heated in a tube furnace. By keeping #pmsition temperatures below
450°C, the dissociation of hydrogen from the precursor is notjlete so that some remains in the core to passivate
the dangling bonds, greatly reducing the optical transonskess. The fiber used in our experiments was fabricated
by depositing a-Si:H inside aGum silica capillary, as shown in the inset of Fig. 1(b). To eedhat the core mate-
rial has sufficient hydrogen, micro-Raman measurements wedertaken using a HeNe laser at 633nm. The Raman
spectrum plotted in Fig. 1(a) exhibits a strong broad peakiaa 480cm? which is associated with the vibrational
modes of amorphous silicon. The presence of hydrogen indhe material is confirmed by the observation of the
Si-H stretching mode seen in the inseta2000cnT ™.
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Fig. 1. (a) Raman spectrum of the amorphous material; iB&¢1,vibrational bond. (b) Linear losses
as a function of wavelength together witiA a* fit. Inset, SEM image of the a-Si:H core.



To characterize the linear losses from the near to mid+iaftg155— 3um) a series of low power transmission
measurements were conducted using three continuous vemresiaurces: (i) a.55um diode, (ii) a tunable Cr:ZnSe
laser and (iii) an Aculight OPO. In both cases the light wamthed into the silicon core via free space coupling
using a 4 microscope objective lens and a second 4bjective was used to capture the transmitted light andsocu
it onto a power meter. The cutback technique was used to ifu#m linear transmission losses as plotted in Fig.
1(b). These results follow the same* trend of decreasing loss for increasing wavelength observeur earlier
silicon fibers, which we have previously attributed to se@tiy losses. The loss determined &2m (~ 0.7 dB/cm)
is one of the lowest values recorded in this wavelength regand we believe that this can be decreased with further
optimization of the deposition process as thédB/cm value of the loss at.25um is far from our lowest reported
values of~ 1dB/cm [2].
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Fig. 2. (a) Nonlinear absorption measurements for the veaegghs given in the legend. (b) TPA
parameter as a function of wavelength extracted from (a).

As the precise position of the TPA edge is not known for ouramal, nonlinear absorption measurements were
performed over a range of wavelengths spanning half ther¢tieal bandgap energy of a-Si:H-(0.85eV) and into
the mid-infrared. To obtain the high peak powers necessapydbe the nonlinear absorption, in these experiments
we used a Ti:sapphire pumped OPO with 200fs pulses at 80 Miz2f) plots the output power as a function of the
coupled input power, clearly showing the onset of nonlir@@sorption for wavelengths in the rangd + 1.65um.
The linear trend exhibited for the longer wavelengths whépA is negligible, indicates the bandgap energy of our
core material is likely to be in the region4l— 1.5eV. To establish the corresponding values of the TPA paemme
we follow the method outlined in Ref. [1] and obtgbpa from the slope of the inverse of the transmission given
by 1/T = Pn/Pout. Plotting these values as a function of wavelength in Fig),2¢e find thai3rpa decreases rapidly
over the wavelength range5l— 1.65um, with Brpa = 0.7 £0.08 cny GW at 155um, before reaching a plateau at an
essentially negligible value of. @8 cny GW for wavelengths- 2 um. We anticipate that the size of the bandgap, and
thus the position of the TPA edge and the valueggf can be tuned through the material deposition parameters to
shift the region of low nonlinear loss to shorter wavelesgth

3. Conclusion

We have characterized the transmission properties of lggtrated amorphous silicon fibers extending into the mid-
infrared, demonstrating some of the lowest losses in silindhis wavelength region to date. The low nonlinear losses
measured in these fibers at wavelengthzum make them a suitable platform for applications in the Ifiesces.
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