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Deformed microcavities generate a higly directional far-field. We want to use the
intrinsic loss which gets radiated into the far-field domain to analyze the photon
statistics and calculate the Q-Factor without nearfield manipulation. To achieve this
goal a stable fabrication platform based on reactive ion etching was developed and

characterized

1 Introduction

Optical microcavities are structures which confine
light to a defined volume using the mechanisms of
reflection and resonance. There are many different
structures to achieve this goal. The most known
is probably the Fabry-Perot resonator which solely
consists of two mirrors. In this article, we will fo-
cus on optical microcavities which use total internal
reflection to confine the light inside the resonator.
This mechanism eliminates the adjustment of differ-
ent optical elements and as be seen in (1) the reso-
nance condition is similar to a linear resonator. The
amount of loss and therefore damping of the light is
described by the Q Factor (2) which corresponds to
the number of roundtrips after the light intensity is
decayed by -3dB.
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2 Whispering Gallery Modes

The term Whispering Gallery Modes was coined
from an analogy with acoustic waves. It was found
that acoustic waves travel along the walls of a circu-
lar gallery like e.g. in the dome of he St Pauls Cathe-
dral and that even very quiet noises could still be
heard over a large distance. Electromagnetic Whis-
pering Gallery Modes are solutions of the Maxwell
equations, which only exist very close to the bound-
ary and therefore undergo continuous total internal
reflection. They feature many of interesting proper-
ties like ultra-high Q factors, very low mode volumes
and very small resonator sizes. Combined with the
possible chip integration they are an excellent re-
search platform for topics like, Quantum cavity elec-

trodynamics [1], nonlinear optics [2], bio chemical
sensing [3] or microlasers [4].

3 Asymmetric resonant microcavities

Much theoretical work was dedicated to the descrip-
tion of optical microcavities and to produce a direc-
tional far-field. It was found that introducing a small
deformation from the ideal circular shape of the cav-
ity according to equation (4) a very directional far-
field can be generated [5].

r(¢) = RO(1 + 0.43 cos(¢)) (4)
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Fig. 1 Comparison of the internal mode structure and the
emitted farfield of a circular and a Limagon disk

This far-field can be explained by a combination of
wave theory and chaotic ray dynamics which could
be seen as a mesoscopic approach. This result is
even suitable for microlasers which operated in a
multimode regime. So this is an excellent model to
describe deformed optical microcavities.

4 Process platform

To study the behaviour of deformed cavities and
arrays we need to establish a process platform to
produce this kind of on-chip resonators. We decided
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to use silicon dioxide as material for the Whisper-
ing Gallery Mode due to the very low absorption
over a relatively broad spectrum and its compat-
ibility to sophisticated plasma etching processes.
As a substrate for the resonators, we use silicon.
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Fig. 2 schematic of the developed processes

We developed two different process ways to achieve
our goal. For the first process, we structure the
resonators in silicon with a cryogenic ICP-RIE
based on fluor chemistry with a subsequent oxi-
dation step to produce a 2 um thick silica shell with
very high purity. To smoothen the surface we in-
troduced an additional oxidation step followed by a
wetchemical etching with HF to remove the sur-
face roughness. The result is shown in Fig 3.
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Fig. 3 SEM image showing a 25um Shortegg microres-
onator

The second process contains two etching
steps and produces angled silica microdisks
on top of an under etched silicon pad.
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Fig. 4 SEM image showing a 25 um silica microdisk on a
silicon pad

The concept is similar to the standard process which
was developed by [6] except that we use plasma
etching processes which allows one to manipulate
the resonator morphology. Furthermore, the control
over the thickness of the silica disk and the slope
angle allows us to achieve a distance between the
cavity slopes of about 400nm while using standard
i-line lithography which can achieve a stable minimal
feature distance of about 800nm.

5 Measuring the Q-Factor

The characterization of these structures will be real-
ized by a Time-Correlated Single Photon Counting
(TCSPC) experiment. For this, we use a single pho-
ton camera called LINcam. The emitted directional
far-field will be observed by a microscope connected
to the camera. Then we will couple pulsed laser light
into the resonators by using an evanescent coupling
method. The pulse laser is connected to the SPC
and will trigger the acquisition. The decay rate of the
emitted far-field will correspond to the Q-factor ac-
cording to equation (5).

T=—— (5)

6 Conclusion

A versatile and tunable fabrication platform was de-
veloped to lay the foundation stone to examine the
photon statistics of the emitted far-field of deformed
optical microcavity.
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