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Abstract: We investigate the Kerr nonlinearity in a-Si:H &agsnicrocylindrical resonators. The

large resonant wavelength shift observed for putseastation is used to demonstrate ultrafast all-
optical switching.

OCIS codes: (140.4780) Optical Resonators; (140.3948) Micrigapevices; (190.3270) Kerr Effect; (160.6000)
Semiconductor Materials.

1. Introduction

Whispering gallery mode (WGM) microresonators wittra-high quality factors@) and small mode volumes have
been demonstrated in a range of geometries andiaigt& heir unique method of mode confinement nsakem
ideal for the examination and exploitation of optifunctionalities such as lasing, cavity quantuettodynamics
and nonlinear optics. In more recent experimeniig;oa microresonators based on planar microel@ito
technology have been used to demonstrate all-dmigiiching through nonlinear processes. Thesecgsvhave
typically used the thermo-optic nonlinearity orefrearrier absorption of silicon to produce a mothdasignal [1].
However, modulation speeds are severely limited @ué¢he slow thermal response time and long fregiera
lifetime of silicon. In order to achieve ultrafasdt-optical switching through a nonlinear process desirable to use
the near instantaneous Kerr effect [2, 3].

In this paper we investigate the Kerr nonlineaititya hydrogenated amorphous silicon (a-Si:H) miesonator
that has been fabricated from the silicon optidaérf platform. We use a simple pump-probe experineobserve
and compare the resonant wavelength shift causesh we microresonator is pumped with a continuoasew
(CW) and a picosecond pulsed source. For the sammage power, the high peak power pulse sourcecesla
much larger wavelength shift so that the Kerr ametrhal nonlinearity contributions can be deconvélw/e use
the results to show that for picosecond pulsesgais the pump, the modulation bandwidth of themator is
limited by the cavity photon lifetime.

2. Fabrication and characterization

The silicon microresonator was formed by etching silica cladding away from an a-Si:H core fibebrfeated
using a high pressure deposition technique, asribesicin Ref. [4]. The fiber had a 5.6 um diametere and a
linear loss of 2.5 dB/cm at 1.55 um, measured Weadutback method. A tapered single mode fiber usesl to
probe the resonator’'s optical properties over aereled telecoms band; the experimental setup wisels just a
single scanning CW laser is represented by theewdokes in Fig. 1(a). The transmission spectraeptesd in Fig.
1(b) and Fig. 1(c) show the sharp resonances agedavith the resonator.
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Fig. 1. (a) Experimental setup used to charactétere effect in a-Si:H microcylindrical resonatdiransmission spectrum showing two
resonances (#);~1541.5 nm, with measured load@dactorQ,=6.1x16, and (c)\;~1581.2 nm, withQ,,=7.9x10.



3. Results and discussion

Using the scanning tunable CW laser, we measureddbsonant shift as a function of power coupled i
resonator (B, and the results are shown in Fig. 2(a). Thealirebsorption of the resonator manifests itseH asd
shift of the resonant wavelength and this shitirisarly proportional to the coupled power up t®~+N. Above
this threshold the nonlinear effects in the resmnsatart to contribute to the red shift, which fésin a deviation
from the linearity of the power/wavelength shifo Thvestigate this further, the setup is modifiediriclude the
pulsed source (blue boxes) in Fig. 1(a). The picosé tunable pulse pump (100ps/40 MHz) was co-waieal
with the scanning laser and the resonant wavelestgthwas measured for a range of coupled powert® @20 pW,
the results of which are shown in Fig. 2(b). Tlgafe shows a ~2 nm resonant wavelength shift atnidve coupled
power of 20 uW. We then replaced the pulsed sowittethe tunable CW source set at the pump wavéteagd
measured the shift for the same range of averagenso A resonant shift of only ~0.2 nm was obseméén the
power coupled into the resonator is ~20 pW, whiah be attributed to the thermal nonlinearity. Toiger of
magnitude difference in the shifts is a resulthe Kerr nonlinearity induced by the high peak psaafthe pulse
source. As the pump pulses are much shorter theathdrmal response time of the microresonatgt7.5 ps [4], it
can be concluded that the instantaneous Kerr affebe prevailing nonlinear mechanism.
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Fig. 2. (a) Resonant wavelength as a function aptaml power at CW scanning. (b) Resonant waveleagth function of coupled power for

pulsed (circle) and CW (triangles) pump regimey T@mporal response measured by the sampling scope.

To exploit the Kerr effect for all optical switmg, the two tunable lasers, CW and pulsed, wened to the
resonancei,, (probe) and\,, (pump), respectively, and launched into the tagbéiteer. The optical average power
of the pump was 9 uW, which corresponds to a pereegy of 0.22 pJ. A tunable filter was used atdbtput to
isolate the probe, which was monitored using a 3& Gampling oscilloscope. Fig. 2(c) illustrates timserved
ultrafast all-optical switching that occurs where therr induced index change shifts the resonatomaid off
resonance with the probe. Although the modulatitimetion ratio is only 1 dB, this proof of conceptperiment is
subject to ongoing optimization. In principle, tkerr effect allows one to realize almost arbitrergdulation speed
due to its instantaneous response. However, irtipeathe speed is limited by the -3dB bandwidthhaf resonator,
governed byB=c/(A,Q), wherec is the speed of light in vacuum a is the loaded quality factor. For the
measured)=7.9x10, the switching speed is determined as ~24 GHz 3hitching speed can be further increased
by reducing th&),, by adjusting the concentration of the incorpordtedirogen in the resonator.

In conclusion, the first demonstration of therKeffect in a-Si:H fiber based microresonatorgrissented. We
show that the power threshold needed to induce Kartlinearity is only a few pW in a picosecond pudxcitation
regime. The near instantaneous Kerr effect shovania-Si:H microresonator opens the route towaed#cds with
all-optical functionalities such as filtering, seliing and modulation.
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