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Dependence of key parameters of low-contrast ring microresonators on cross-section dimensions
is studied by numerical simulations. We found that bending losses very critically depend on these
dimensions. Very high finesse resonators can be designed for optimum choice of waveguide cross-
sections.
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Introduction

Guided-wave structures based on ring microresonators can be potentially used not only to
significantly minimize optical integrated circuits (IOCs) but also to add functionality to the
optical chip while preserving desirable technological uniformity of its fabrication. Although
the operational principles are well known for more than thirty years [1], their real applications
in IOCs appeared only recently as a result of significant technological progress in integrated-
-optical technology [2]. Consecutively, a few research groups have started detailed and intensive
exploration of devices based on ring microresonators [3], [4]. In this contribution, the influence
of cross-section dimensions of a low-contrast polymer rib waveguide on the radiation losses of
the ring resonator is studied using the full vectorial numerical method [7].

The application of microresonators was impeded for so long because of losses due to sur-
face roughness scattering at the waveguide edges. These losses increase very rapidly with the
increased refractive index contrast between the waveguide core and the surrounding medium.
On the other hand, this high contrast is needed for keeping up the radiation losses due to cur-
vature at a tolerable level. Contrary to the scattering losses, radiation losses increase with the
decreasing contrast of the refractive indices. It is thus apparent that in order to fabricate good
structures, very high-quality technology for high-contrast waveguides (e.g., semiconductor/air,
see [5]) is required.

High-contrast structures have also some disadvantages, however. If we ignore the high cost
of the technological equipment like MOCVD or even MBE required for their fabrication, still
other problems remain such as low coupling efficiency between the high-index waveguide and
a standard optical fiber. In the next section we show that it is possible to drastically reduce
the radiation losses even in low-contrast structures by proper modification of the cross-section
geometry of the ring waveguide.

Optimizing the waveguide cross-section geometry

In the “classical” approach to the fabrication of microresonators (MR), a rib waveguide
is etched down in a semiconductor [5]. The typical cross-section geometry of the resultant
structure is shown in Fig. 1a.

In case that the radius of curvature of the MR need not to be smaller then about 25 µm, it
is possible to make the MR from the low-contrast materials (e.g. polymers). Radiation losses
can be kept at a reasonably low level by optimization the cross-section geometry. Its modified
shape is depicted in Fig. 1b. The way to reduce the radiation loss leads via redistributing the
optical field in the core of the MR waveguide. To this aim, the structure is supplemented with
the cover on the inner and the top boundaries of the core (see the picture). Owing to this
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Fig. 1. The cross-section geometry of the rib of ring MR. a) the “classical” approach, b) the modified
structure.

modification, the optical field power is shifted towards the inner boundary of the ring. Thus,
only a smaller portion of the optical power at the outer boundary contributes to the radiating
part of a mode that leaks out of the waveguide. At the outer boundary, the maximum refractive
index contrast of the structure is preserved. Power leakage into the substrate can be further
reduced by etching the substrate close to the outer boundary. The maximum etching depth
is limited by affecting the coupling between the resonator and input/output ports (vertical
coupling after [6] is assumed).

The described geometry has some potential for reducing scattering losses as well. Because
of overlay from cover material, the total area of the surface with high refractive index con-
trast is remarkably reduced. Additionally, the redistribution of the field within the core also
reduces the optical power propagating close to the remaining high-contrast interface. Thus,
the proposed modification of the cross-section of the structure is expected to suppress even the
scattering losses. Note that for polymer structures, the scattering losses are usually lower than
for structures based on semiconductors or silicon nitride due to lower refractive index contrast
[2].

Numerical results

We made a series of calculations with the aim of optimizing the structure with respect to
radiation losses. The calculations are performed for the free-space wavelength of the optical
wave of 1.55 µm in the centre of the standard optical communication band. The refractive
indices of the considered polymer materials are 1.5965 for the core and 1.4468 for both the
substrate and the cover, at this wavelength. The radius of curvature of the ring resonator
was fixed to 50 µm. The fully vectorial 2D bend mode solver based on the finite-difference
technique from the commercial software package OlympIOs by the C2V company [7] was used
for the numerical analysis.

Since the future complex devices are expected to be composed of many MRs with various
radii, the loss values are shown in dB per round trip (lr) rather than in dB per unit length in
the figures. The relation between the round-trip loss and the resonator finesse is given by a
simple expression

F = 20π/(lr ln 10). (1)

First we calculated the loss and the field distribution of the fundamental mode for the
standard structure without any optimization. The rib width was chosen to be w = 1.4 µm, the
height h = 1 µm, with no etching into the substrate, d = 0 µm. The calculated loss per round
trip was lr = 15.8 dB. Then we calculated the dependencies of the radiation loss on the width
w, height h and the etching depth d of the resonator cross-section. The results are presented
in the following graphs.



Fig. 2. The dependence of round-trip radiation losses on the heigth of the waveguide core.

Fig. 3. The dependence of round-trip radiation losses on the width of the core.

Figs. 2 and 3 show the dependencies of radiation losses on the cross-section dimensions h
and w, respectively. Very rapid decrease of radiation loss with increased dimensions of the core
is evident. The maximum size of the core is generally limited by the onset of the higher-order
mode. However, as it can be seen from Figs. 2 and 3, radiation losses of these modes are
significantly higher, which means that these modes would not play an important role even if
they are exited.

Fig. 4. a) The dependence of round-trip radiation losses on the substrate etching depth at the outer
boundary of the core. b) The dependence of round-trip radiation losses on the free-space wavelength.

The dependence of the losses on the depth of the etching into the substrate d can be seen in
Fig. 4a). The dimensions of the core are chosen in correspondence to the previous graphs; the
“most suitable” values are selected. This graph shows that etching of substrate suppresses the
radiation losses remarkably. As we have already mentioned, the only limitation for the depth of
this etching is given by the vertical structure of the devices; the vertically coupled input/output
waveguides should not be affected by this intervention. For a particular fabrication process it
seems to be possible to optimize this depth also with respect to the scattering losses (the area
with high-index contrast grows with this etching).



Finally, we calculated the wavelength dependence of the radiation losses for the “optimized”
structure. The result is depicted in Fig. 4b). Material dispersion is neglected in this computa-
tion. As expected, radiation loss strongly increases with wavelength.

Note that the optimization of the structure leads to a significant reduction of the radiation
loss; the “optimized” structure with w = 2 µm, h = 1.2 µm and d = 0.3 µm exhibits 1500-
-times lower round-trip loss than the original one. In the following figures we show the field
distributions of the TM0 modes of these structures. Notably better confinement and significant
suppression of the field radiating into the substrate for the optimized structure is clearly seen.

Fig. 5. Distribution of dominant component of the magnetic field vector of TM0 mode for a) original,
and b) modified structure.

Conclusion

We have shown by numerical study that low-loss microresonators can be created even in
lowindex- contrast structures like organic polymers, if their cross-section is suitably optimized.
The strong dependence of the radiation losses on the cross-section dimensions has been reported.
Very small radiation losses of the low-contrast MR with the radius of curvature 50 µm have been
demonstrated by numerical simulations. The possibility of simultaneous reduction of scattering
losses has also been briefly discussed.

This work was done in the framework of the EC 5FP project IST-2000-28018 “NAIS”.
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