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GaAs Microcavity Channel-Dropping Filter
Based on a Race-Track Resonator

M. K. Chin, C. Youtsey, W. Zhao, T. Pierson, Z. Ren, S. L. Wu, L. Wang, Y. G. Zhao, and S. T. Ho

Abstract— We have demonstrated add—drop filters using X J'
racetrack-shaped resonators coupled to straight waveguides

across gaps which are larger compared with the conventional
microcavity ring resonators. The finesse and the maximum
transmission are characterized and are shown to be determined
uniquely by the round-trip loss and the coupling factor of
the resonator.
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Index Terms—Filter, microresonator, waveguides, nanophoton-
ics, WDM.

I. INTRODUCTION

ICRO-RING resonators [1], [2] may be used as the ba-

sis for a new class of wavelength-division-multiplexing
(WDM) devices that offers potential advantages in perfor- =
mance, size and cost. Waveguide-coupled microcavity ring
and disk resonators in AlGaAs—GaAs material system with|
high finesse $100) and22-nm free-spectral range (FSR) have
been demonstrated [1]. The large FSR of these resonators
results from their extremely small size-10 xm diameter), @)
made possible by the use of waveguides with a large latera
index contrast of 3.4 to 1. Such dimensions would conceivabl

connect switching fabric demanded by future dense WDM
systems.

The conventional GaAs—AlGaAs microring resonators are
coupled to input and output waveguides via a “point contact,”
and therefore a very small gap, of the order of 100 nm, is
required for sufficient coupling. A simple alternative is to
insert a straight section in the coupling region, the ler{gtlof :
which can be adjusted alone to attain a given coupling factor ;
while keeping the gap sizg) fixed. We call this a “racetrack” |
resonator [3]. This structure has been used in large-diamete
ring lasers [4], [5], and has been proposed and analyze
for microcavity ring resonators [6]—[7], but we believe the ()
present letter is the first demonstration of microcavity racetra€lg- 1. Scanning-electron microscope images of (a) a resonator-based chan-
resonators. Typically, we have fixgdo be 200 nm, for which "e! dropping filter and (b the racetrack resonator.
the fabrication is much more repeatable and tolerant. The
coupling factor, being determined Wy can have a broader Il. RESULTS

range of values, and can be designed to be the same even f(?:r_ 1 sh i | ) . ¢

resonators with different cavity lengths. ig. 1 shows scanning-e ectrqn microscope images of a

resonator-based channel dropping filter and the race-track

resonator. The devices are fabricated by electron-beam lithog-
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w0 | Ouput from Port Y
oscillations due to the uncoated waveguide facets. For the TE
25 polarization, it turns out that the coupling is much weaker, and
‘ the resonance behavior is much less pronounced. The spectra
_ show that the FSR is 20 nm, the full-width at half-maximum
= 207 (FWHM) linewidth is 1 nm, and hence the resonator has a
. finesse of 20. Furthermore, the maximum transmission is about
51_5- 80%. Another resonator, with = 0.2 pum and! = 4 xm, has
o) a FWHM linewidth as small as 0.2 nm (corresponding to a
g 10 finesse of 100), but the maximum transmission is also much
’ smaller.
051 [ll. ANALYSIS AND DESIGN CONSIDERATIONS
0 15 150 155 150 156 1550 Thg waveguide—c;)upled racetrr?cl;] resonator :s esfsentially
a Fabry—Perot interferometer with the two couplers forming
(om the mirrors. Since the couplers are designed and measured
@ to be identical, with the same and [, the mirrors can be
; taken to have the same reflectivity, = », = RY/2. The
5- l Output from Port Z l usual Fabry—Perot equations for the optical tansmission and
reflection are then given by [8]:
4 5
IT _ tmax IR _ Tmin + Fsin (6/2)
= Io ~ 1+ Fsin(§/2) I, 1+ Fsin?(6/2)
8 1)
§ and the finesse is given by
2
o] 27 i
F= = 2
§1_ 2012 2sin ! \/1/F @)
od where
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1- RA? P ’ )
Fig. 2. The reflection and transmission spectra of a waveguide-coupled
resonator with a cavity length df1 gm, ¢ = 0.2 ym and! = 6 um, . . . . . . .
for the TM polarization. I, is the input intensity,L is half the cavity round-trip

length, t,,.« is the maximum transmission, and,;, the
minimum reflection. Note that in the lossless cdse= 1)

reduced optical loss. The gap size is designed and measuwred _ | onq, - — . Even though the reflectivities are

to be the same for the two coupling regions. The waveguidgal, the presence of loss makes the mirrors unbalanced

structure is grown on GaAs substrate and consists pfM2- anq reduces the transmittance. Our objective is to relate

thick Al ¢G# 4As lower cladding layer, 0.4pm GaAs core the measurable performance characteristics, finé%3eand

layer, and 0.5um Al ¢Gay.4As upper cladding layer. maximum transmissiofit,,.,.), to the device characteristics,
Resonator devices with various and ! are characterized round-trip loss(Lzr = 1 — A2) and coupling factor(P.),

with a tunable laser diode with center wavelength at 1550 nighich cannot be measured directly. The coupling factor is

The laser light is lens-coupled into the input waveguide @élated to the mirror reflectivity by = 1— P,. For the case of

port X [see Fig. 1(a)]. When the wavelength is off resonangace-track resonator, if we neglect the loss within the coupling

with the resonator, the light is “reflected” and exits througbection, the coupling factor is given by

port Y. When the wavelength is on resonance, the light is

transmitted through the resonator and exits through port Z. . <7r l) - A 3)

Both the resonance wavelength and the coupling factor depend T 2(ne —ny)

on polarization. For the case of a waveguide-coupled resonator

with a cavity length of 31um, g = 0.2 um and! = 6 pum, where !, is called the coupling length, being the distance

the reflection and transmission spectra for the TM polarizatisaquired to couple 100% of the power from one waveguide to

are shown in Fig. 2. The spectra also show the Fabry—Petio¢ other. Such power transfer is due to beating or interference
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Fig. 3. Coupling length as a function of the gap size and the waveguide
width (w). for both TE and TM polarizations.

between the two eigenmodes of the coupled-waveguide struc-
ture (called super modes), of which one is symmetric, with
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an effective index ofn., and the other antisymmetric, withFig. 4. Contour plots of constant finesse and constaat., as a function of
an effective index of, [9] Fig. 3 shows the coupling Iength the coupling factor”., and the round-trip losg.,+. The solid dot represents

as a function of the gap size and the waveguide widi,
for both TE and TM polarizations, calculated using a full-

the experimental data discussed in text.

vectorial finite difference mode solvéThe results reveal two transmission, and shown that they are related uniquely to
significant features: (1) The coupling length can be extremdlye round-trip loss and the coupling factor, two fundamental

small, as small as a few microns in the casewt 0.2 ym.

characteristics of the resonator. Propagation loss in the cavity

(2) The coupling is polarization dependent. In particular, tHeads to an imbalanced Fabry—Perot even though the coupling
coupling length is much shorter for TM than for TE wherfactors (or mirror reflectivities) are identical. To achieve unity
w = 0.4 pm, which explains the polarization dependence dfansmittance, one would in fact have to make the coupling

the resonator behavior. Fgr= 0.2 um, [. = 25 pm for TM.

The achievable finesse arng,,. are constrained by the
coupling factor and round-trip loss in accordance with (1)—(2).
These equations can be solved fér and L, in terms of F
and ..y, and plotted, as in Fig. 4, to give the combinationst!
of P. and L., required to achieve a given finesse Qf.x.
Such a figure can serve as a useful guide to the design of
racetrack resonators [10]. By the same tokEnand L,.; can (2]
be determined uniquely from this figure if the finesse and
tmax are known. For example, to achieve both high finessél
(>100) and hight,,; (>0.8), both P. and L,; have to be
very small. For our experimental case of Fig. 2, whére- 20
and ¢, = 0.8, the corresponding®. and L,.;, as indicated
by the solid dot in Fig. 4, are given b¥,., = 0.03 and
P. =0.13. The value ofL,., implies a loss coefficient af = 5
cm™!, which is consistent with the range of values obtained
from straight-waveguide measurements. However, it should kg,
noted that additional loss can arise in the resonator from the
transitions between the straight waveguides and the curvefﬂ
waveguides. The value adF, is also in agreement with that
calculated directly from (3) using. ~ 25 yum andi = 6 pum.

In conclusion, we have realized the first channel-droppin
filters using a race-track microresonator. We have character-
ized the device performance in terms of finesse and maximuffl

(4]

(5]

1Optical Waveguide Mode Solver (OWMS), Apollo Photonics, Waterloo[10]
Canada.

factors slightly different to compensate for the loss.
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