
Appl Phys B (2011) 104:503–511
DOI 10.1007/s00340-011-4636-7

Temperature induced nonlinearity in coupled microresonators

C. Schmidt · A. Chipouline · T. Käsebier · E.-B. Kley ·
A. Tünnermann · T. Pertsch

Received: 31 March 2011 / Revised version: 4 May 2011 / Published online: 26 July 2011
© Springer-Verlag 2011

Abstract We present here, our most recent results from the-
oretical and experimental investigations of optical proper-
ties of coupled microresonators. While fused silica spheri-
cal microresonators with Q-factors of about 107 to 108 can
be quite easily fabricated, the production of a number of
equally sized spheres, which appears to be a necessary con-
dition for effective light coupling, has proved challenging. In
order to bypass this problem we focus our attention on the
investigation of coupled disk microresonators made of fused
silica. These may be fabricated in almost arbitrary two-
dimensional configuration with nanometer precision. A Q-
factor of 105 can be routinely achieved, which relaxes the
requirements on uniformity of the microdisks to within the
range of fabrication accuracy. The achieved Q-factors are
high enough to observe thermal nonlinear effects in the fab-
ricated coupled disks. A detailed experimental analysis of
the thermal nonlinear resonance behavior in a system of two
coupled microdisks now follows. The results were found to
be in good agreement with the respective calculations based
on coupled mode theory including temperature induced non-
linear response.

1 Introduction

Whispering-gallery-mode (WGM) microresonators of dif-
fering geometries (spheres [1], disks [2], toroids [3]) have
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attracted a great deal of interest for more than a decade, due
to their extremely high Q-factors and small mode volume,
which allows the investigation of various nonlinear effects
at relatively low input powers. These unique properties, to-
gether with their compact size, make them attractive for po-
tential applications in optoelectronics [4]. In addition opti-
cal microresonators provide a convenient tool for studying
many fundamental phenomena, such as Raman scattering
[5, 6], parametric oscillation [7], cavity quantum electrody-
namic effects [8, 9], lasing [2], optomechanics [10] etc. The
potential of coupling between microresonators proved par-
ticularly interesting and various aspects were investigated.
Light propagation and optical coupling effects in bi-sphere
systems [11] as well as in long chains of coupled micro-
spheres [12–14] were investigated theoretically. Due to the
requirement of extreme size uniformity for high-Q coupled
microresonators [15], such systems were experimentally in-
vestigated, in the main, for two coupled microspheres [17].
Similarities to electromagnetic induced transparency [16]
and slow light in coupled resonators [18] were observed.
For systems with a large number of resonators the influence
of high size disorder on the optical coupling and transport
phenomena in chains of microspheres [19, 20] were investi-
gated. Coupled disk microresonator systems usually can be
fabricated with nanometer precision, which in combination
with lower Q-factor in comparison to microspheres, relaxes
the requirements on size uniformity. Such systems were in-
vestigated theoretically in various configurations of passive
photonic molecules [21], for application as optical sensors
and as active lasing elements [22]. The modes in coupled
resonators were also investigated as building blocks for cou-
pled resonator optical waveguides (CROW [23]), for opti-
cal delay lines [24] and as high-order filters [25]. The opti-
cal coupling and formation of coupled resonator eigenstates
were experimentally observed for two and three coupled mi-
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crodisks [26] and temperature induced optical instability in
coupled microtoroids was investigated in [27].

In addition to various potential applications mentioned
above, it has been recognized that the coupled optical cav-
ities are perfect examples of discrete dissipative nonlinear
systems and thus allowed us to use the microcavities as a test
bed for the investigation of dissipative nonlinear dynamics.
The recent unification of various physical effects under the
topic of dissipative nonlinear dynamics has given new mo-
mentum for fundamental research. The existence of local-
ized spatio-temporal structures in dissipative nonlinear sys-
tems has been proven theoretically and experimentally in a
wide range of physical systems [28]. It has been shown that,
in spite of the different physical nature, the systems exhibit
similar dynamics, namely dynamics which allow the exis-
tence of attractors of different types. This similarity sug-
gests the natural step that one area of complex nonlinear
dynamics may be investigated using the well known tests
and methods from another area. Optics in this case provides
unique test bed allowing numerous different combination of
loss/amplification, various types of dispersion and nonlin-
earities which, in turn, allows the possibility of testing vari-
ous physical models using the same experimental methods.

In order to test the experimental capabilities of the cou-
pled microdisk system to use as a test bed for discrete non-
linear dynamics, we investigated the influence of fabrication
tolerance on the observed nonlinear effects. It turned out that
thermal nonlinearity for the fused silica microresonators has
the lowest threshold [29] and a relatively slow nonlinear re-
sponse [30]. Nevertheless, it was shown that for long enough
times it mimics a third order nonlinearity like Kerr effect,
which is usually under investigation in other discrete non-
linear systems.

The paper is structured as follows. In Sect. 2 we present
the theoretical model elaborated for the coupled microdisk
resonators including temperature induced nonlinearity. In
Sect. 3 the sample fabrication and measurement setup are
described. Thereafter we present experimental results and
discuss the observed effects (Sect. 4) for two coupled mi-
crodisks.

2 Coupled mode equations with thermal nonlinearity

As mentioned previously in Sect. 1, a coupled microdisk
system is usually described in two dimensions using numer-
ical solution of integral equations (see the recent review [31]
and references therein). The reduction of dimensionality is
valid as long as the disk radius is much larger than the thick-
ness of the disk, which is usually fulfilled for the systems
under investigation (see Fig. 2a for a system of two cou-
pled silica microdisks). However, the disks used in this work
have almost circular shape, which allows us to use a sim-
pler, physically more transparent approach based on modal

expansion [26]. With this approximation it becomes feasi-
ble to investigate large coupled disks (radius much larger
than wavelength) in a rigorous fashion (depending of size
and material parameters of the disks only) by taking into ac-
count the coupling of all disks with each other and all possi-
ble modes. For this purpose, it is usually assumed that a par-
ticular mode in one of the disks is already excited and acts
as a source of excitation for all other disks and modes. As
shown in [26] such assumption are sufficient for the calcula-
tion of such spectrum characteristics like resonance splitting
or relative excitation strength, but fail in describing the ex-
perimental situation of excitation of the coupled disks sys-
tem with a tapered optical fiber (which is the most efficient
method of excitation of microresonators [32, 33]).

In order to describe the experimental situation more ade-
quately and perform direct comparison of calculations with
measured reflection and transmission data we use a differ-
ent approach based on coupled mode theory [34]. As an
advantage, one can easily introduce scattering losses due
to surface roughness, which is not straightforward for the
modal expansion method because it assumes perfect circular
shaped microdisks. A consequence of surface roughness is
the coupling of clockwise (cw) and counterclockwise (ccw)
propagating modes in each disk due to Rayleigh scattering,
leading to a resonance splitting even in a single resonator
and a reflection signal in the tapered fiber used for excita-
tion. Similarly one can introduce modifications of the mode
amplitudes due to nonlinear interactions like Kerr nonlinear-
ity and temperature induced phase shifts. Generally, the time
dynamics of the slowly varying amplitudes of the clockwise
(acw) and counterclockwise (accw) propagating modes in the
pth disk of an arbitrary arrangement can be described by
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Here �ω = ω − ω0 denotes the frequency detuning of the
excitation from the resonance frequency ω0 of the disk, Γ0

is the intrinsic energy loss rate and Γext is the energy cou-
pling rate. The coupling of acw and accw mentioned above is
described with the coupling rate Γc . The coupling to neigh-
boring disks is accounted for with the coupling rate Γpq with
the sum depending on the actual number of disks and their
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arrangement. The pump through the tapered fiber was as-
sumed to be in one direction and therefore influences the
cw mode only. The mode amplitudes itself are normalized
to the energy stored in the resonator (|acw|2 + |accw|2 = U ),
whereas the amplitude of the pump field is normalized to
the pump power (|Ain|2 = Pin). Due to the fact that ther-
mal nonlinearity has the lowest threshold in the investigated
system and is much stronger than the Kerr nonlinearity, the
only nonlinear term taking into account is proportional to
the mean temperature difference Θ of the disk volume oc-
cupied by the mode and related to thermorefractivity and
thermal expansion of the disks material,

βth =
(
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n

dn

dT
+ 1

3V

dV
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)
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The mean temperature difference of the mode volume can
be written according to [35] as
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where T
(p)

0 is the temperature of the mode volume for zero
input power and E0(r) is the modes normalized spatial field
distribution (

∫ |E0(r)|2 dr = 1). The integration in (6) is per-
formed over the mode volume. The temperature dynamics of
the mode volume can be approximated from a heat diffusion
equation by
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with the absorption parameter (according to [35])

Bth = αc

ρ0C̄nVeff
. (8)

Here α is the material absorption coefficient, c is the speed
of light, ρ0 is the material density, C̄ is the materials heat
capacity, n the refractive index and Veff is the mode volume
which usually is obtained from finite element simulations
of a single disk. A crucial parameter in (7) is the thermal
relaxation rate δth that depends on the present relaxation
mechanism in the system. As it was discussed in [29] one
usually has to deal with two different relaxation regimes.
The first one is the relaxation of the accumulated heat from
the mode volume to the rest of the resonator. The second is
the relaxation of the heat from the whole resonator to the
surrounding. Depending on the resonator geometry and the
setup environment two main mechanisms of heat exchange
(heat conductivity and convection) can have different contri-
bution to the relaxation process. The heat conductivity addi-
tionally depends strongly on the resonator material but for
microspheres it will have stronger contribution than for mi-
crodisks. This can be understood by the larger reservoir vol-
ume which a sphere provides for the heated mode volume

(which is only a ring along the equator of the sphere) in
comparison to a very thin disk (compared to its radius). If
the setup is not evacuated the heat convection of the sur-
rounding gas plays an important role. Especially, for thin
microdisks with a volume to surface ratio proportional to
the thickness of the disk the contact to the environment is in-
creased in comparison to microsphere resonators, where the
volume to surface ratio is proportional to the radius. There-
fore, the main contribution to the temperature relaxation in
the case of coupled silica disk microresonators surrounded
by air comes from the heat convection and the relaxation rate
can be approximated by [29]

δth = k̄N

ρ0C̄R2
. (9)

Here k̄ is the thermal conductivity of the disks material, N is
the Nusselt number (≈0.3 for air at room temperature) and
R is the radius of the disk.

Equations (1), (2) and (7) describe the time evolution of
modes in coupled disk microresonators including thermal
nonlinearity. With the assumption that only one of the disks
is coupled to the tapered fiber for pumping and signal de-
tection, the transmission (T ) and reflection (R) can be cal-
culated from the transmitted (Atr) and reflected (Arf) fields
to
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3 Sample fabrication and setup

Coupled silica disk microresonators were fabricated by an
electron-beam lithography process with subsequent etching
steps. A detailed description of the basic steps illustrated in
Fig. 1a can be found in [26] and [36]. For the samples inves-
tigated in this paper we made a minor modification for the
removal of the silicon substrate underneath the silica layer.
Replacing the inductively coupled plasma etch (ICP) with
a wet-chemical potassium hydroxide (KOH) etch allows us
to achieve homogeneously under-etched coupled silica disk
samples. For the samples with two coupled disk used here
for demonstrating thermal nonlinear effects in coupled res-
onators, it practically makes no difference which process is
used. A comparison of the influence on the optical prop-
erties (especially the Q-factor) shows no significant differ-
ence between ICP and KOH process. In contrast, for two-
dimensional coupled microdisk arrays it is essential which
process is used to obtain working samples. The reactive ions



506 C. Schmidt et al.

Fig. 1 Illustration of sample fabrication (a) and scanning electron mi-
crograph showing the difference of inductively coupled plasma (ICP)
process and wet-chemical etching (KOH) for two-dimensional arrays
of coupled microdisks (b)

in the ICP process preferentially etch the silicon from the
outside of the sample, whereas the etch ratio is reduced
along the directions where the disks are coupled to each
other (the disks effectively screen the substrate from the re-
active ions). This leads to insufficient under-etching of disks
in the center of the structure. Figure 1b illustrates the differ-
ence for the two etching methods. For the ICP process the
observed silicon pedestals are small and strongly asymmet-
ric for the outer disks and very large for the inner disks of
the structure (dark gray area in each of the disks in the left
picture of Fig. 1b). In comparison the wet-chemical KOH
process leads to equally sized and circular shaped silicon
pedestals for inner and outer disks of the structure (right pic-
ture in Fig. 1b). The obtained samples on a 1 × 1 cm2 large
chip show a substrate to disk distance of about 10 to 20 µm.

In the experiments a tapered optical fiber excitation
scheme was used in order to efficiently couple light from a
tunable laser source (Agilent 81600/81640A) to the samples
and in parallel collect transmission and reflection signals
modified by the spectral response of the disks. The obtained
optical signals were detected by receivers with an electri-
cal bandwidth of 125 MHz (Terahertz Technologies Inc.)
and visualized by an oscilloscope (Agilent DSO 6104A).

Sample and tapered fiber were housed in a clean box to pre-
vent them from contamination of dust and environmental
fluctuations. For coarse alignment both were mounted on
motorized stages and for fine adjustment the tapered fiber
additionally could be moved by piezo actuators. The whole
coupling to the sample was controlled with a microscope
setup. The samples were placed on a thermo electric cooler
to stabilize their temperature during the tests and prevent
them from heating up due to the motorized actuators inside
the housing. Figure 2a shows the arrangement of two cou-
pled microdisks with diameter of about 40 µm and a gap
size of 300 nm coupled to a tapered optical fiber. The im-
portant variables used in the model described in Sect. 2 are
highlighted. For spectrum measurements the wavelength of
the laser sweeps from shorter to longer wavelengths over a
certain range at a fixed sweeping speed while the transmis-
sion (reflection) through the taper can be displayed on the
oscilloscope representing the spectrum of the investigated
resonators.

4 Experimental characterization of two coupled disks

4.1 Linear characterization

The spectrum of the structure for a broad wavelength range
in Fig. 2b shows several closely spaced doublet transmis-
sion dips, which are related to the splitting of the resonances
due to the coupling between the disks. The first order ra-
dial modes (referred to as fundamental modes) additionally
show a strong reflection signal that is useful for identifica-
tion of the different orders of excited modes. The resonance
frequencies can be fitted according to the rigorous modal
expansion method [26] and the different polarization states
can be identified. The fitting leads to a refractive index and
thickness of the disks of n = 1.4498 and d = 1.0028 µm
which is in agreement with scanning electron micrographs
of the disk samples and wafer specifications.

For a detailed analysis a first order TM mode was cho-
sen. As mentioned above the introduced loss rates in the
coupled mode model have to be obtained from independent
measurements. The intrinsic energy loss rate Γ0 can be re-
lated to the Q-factor of the disk and was measured for very
weak coupling to the exciting tapered fiber. Figure 3a shows
the results of the measurement of the anti-symmetric mode
(coupled disks) of the split TM mode under investigation.
The observed doublet in this case is a consequence of the
coupling between clockwise and counterclockwise propa-
gating modes in one disk due to Rayleigh scattering at sur-
face roughness. The observed splitting determines the cou-
pling rate Γc. Both parameters Γ0 and Γc are obtained by
a fit of the measured resonance using (1), (2) and (7) ne-
glecting coupling between the disks and thermal nonlinear-
ity. For an adequate fit we introduce symmetric (s) and anti-
symmetric (a) standing wave mode amplitudes for a single
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Fig. 2 Microscope image of a two coupled disk sample coupled to a
tapered optical fiber (a). Highlighted are the relevant variables for the
coupled mode model (1) and (2). A measured transmission and reflec-
tion spectrum (b) of the sample is shown together with calculations ob-
taining the polarization and mode numbers of the observed first-order
(fundamental) and second-order modes

disk resonance (do not be confused with symmetric and anti-
symmetric modes of the coupled disk system)

as,a = 1√
2
(acw ± accw), (12)

in order to decouple the two differential equations (1)
and (2) in this particular case. The fit of the measured data
in Fig. 3a shows slightly different linewidths �λs,a for both
dips, because both standing wave modes have different over-
lap with the surface of the disk [37], which results in differ-
ent amount of scattering. For the whole nonlinear system it
is easier to deal with the traveling wave mode amplitudes
acw and accw where different Q-factors do not make sense.
Therefore, and due to the quite small difference of the Q-
factors an average value of Q0 = 3.6 × 105 was used for
further calculations. This Q-factor corresponds to an energy
loss rate Γ0 = 1.6 GHz. The splitting of both dips of 7.4 pm
is related to a coupling rate of Γc = 1.8Γ0. The resonance
frequency mismatch of both disks and the coupling strength
can be obtained from the fitting of the two parameters (again
neglecting nonlinear terms) to a measurement of the trans-
mission of both symmetric and anti-symmetric modes of the
coupled disk system for varying excitation strength (variable
taper–disk gap). When the external coupling loss equals the
intrinsic loss the transmission drops to zero (critical cou-
pling). While for identical disks the critical coupling occurs
at the same external coupling rate for symmetric and anti-
symmetric mode, a resonance frequency mismatch of both

Fig. 3 Weak coupled resonance
scan with fit to obtain intrinsic
loss rate Γ0 and the coupling
ratio between clockwise (cw)
and counterclockwise (ccw)
propagating mode Γc (a). From
measurement and simulation of
both, symmetric and
anti-symmetric resonance of the
coupled disk system for varying
external coupling rate (b) the
coupling rate between the both
disks Γ12 as well as their
individual resonance mismatch
�λ12 can be obtained. The
cw–ccw mode splitting in (a)
can be clearly seen in the
measurement in (b) and with the
obtained data from (a) also in
the simulation in (b)
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Table 1 Calculation parameters
Parameter Value Comments

Material parameters

Absorption coefficient α 6 × 10−2 m−1 [35]

Material density (fused silica) ρ0 2.2 × 103 kg m−3 [27]

Thermal conductivity (fused silica) k̄ 1.4 Wm−1 K−1 [38]

Thermal refractivity and expansion βth 4 × 10−6 K−1 [36] and (5)

Heat capacity (fused silica) C̄ 6.7 × 102 m2 s−2 K−1 [27]

Nusselt number of air Nu 0.3 [29]

Single disk parameters

Disk radius R 20 µm

Disk thickness d 1.0028 µm Broad range resonance. . .

Disk refractive index n 1.4498 . . .Fit in Fig. 2b

Effective mode volume Veff 6.7 × 10−17 m3 FEM simulation

Fitted model parameters (linear regime)

Intrinsic energy loss rate Γ0 1.6 GHz Fit in Fig. 3a

Coupling rate cw–ccw-modes Γc 2.88 GHz Fit in Fig. 3a

Coupling rate between disks Γ12 144 GHz Simulation in Fig. 3b

Resonance mismatch between disks �λ12 0.2 nm Simulation in Fig. 3b

Fitted model parameters (non-linear regime)

Thermal relaxation rate δth 10δth = 0.712 kHz δth from (9)

Taper transmission 0.8 Correction factor for Pin

Others

Resonance wavelength (anti-sym. mode) λ0 1555 nm TM resonance

Input power Pin 0.1 mW . . . 4.0 mW

disks leads to different critical coupling rates. If the sec-
ond (not directly excited) disk has a resonance at a smaller
(larger) wavelength than the directly excited disk, the exter-
nal coupling rate for critical coupling of the anti-symmetric
mode is larger (smaller) than for the symmetric one. Gener-
ally, a resonance mismatch of both disks leads to different
excitation strengths and stronger splitting of symmetric and
anti-symmetric modes. In contrast, the disk separation influ-
ences the resonance splitting only. In Fig. 3b the correspond-
ing measurement and simulation are shown, leading to a
disk-disk coupling rate of Γ12 = 90Γ0 and a resonance mis-
match of �λ12 = 0.2 nm. From a comparison with rigorous
calculations the obtained resonance mismatch corresponds
to a radius mismatch of the disks of only 3 nm, which is ob-
viously in the range of fabrication accuracy (�D < 20 nm).

4.2 Nonlinear characterization

For the nonlinear measurements the spectrum of the cou-
pled disks was recorded for increasing pump power from
0.1 mW up to 4 mW. Due to influences of the transmitted
high power on the linearity of the detectors response, the
working point was fixed using a variable optical attenua-
tor in front of the detector. Thus far the transmission curves

were experimentally normalized, while the reflection signal
that is usually much weaker was normalized separately for
each pump power. The results for the TM polarized reso-
nance are shown in Fig. 4 for both the symmetric and anti-
symmetric modes. For low pump power of 0.1 mW the res-
onances have symmetric shape, while for a pump power of
4.0 mW the transmission minimum (reflection maximum)
shifts toward longer wavelengths with a smooth transition at
the short wavelength side and a steep transition at the long
wavelength side. This behavior indicates optical bistability
due to nonlinear resonance shift that in microresonator sys-
tems can be easily visualized by changing the sweeping di-
rection of the tunable laser source [30]. For simulation of
this behavior the full system of equations (1), (2), (7), (10)
and (11) is used with the parameters listed in Table 1. The
results are in agreement with the measured data, especially
for the reflected signal. Small discrepancies in the depth of
the resonance dips at 4.0 mW pump power are related to
fluctuations of the taper-disk coupling during data acquisi-
tion. For the high pump power resonance in Fig. 4a an ad-
ditional calculation was performed with a smaller coupling
rate Γext leading to better agreement (blue dashed line). The
weak splitting of each resonance dip due to coupling of cw
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Fig. 4 Spectrum measurement and simulation for anti-symmetric (a)
and symmetric (b) mode of two coupled disks for a pump power of
0.1 mW and 4.0 mW. For 4.0 mW the typical asymmetric resonance

shape is observed indicating optical bistability. A comparison of mea-
surement and calculation for both modes over the whole pump power
range is shown for transmission (c) and reflection (d)

and ccw propagating modes in each disk can be observed
in the experimental data as well as in the simulations for
the strongly excited anti-symmetric mode Fig. 4a only. It
is worth noting that in the simulations this weak splitting
is symmetric (both tiny dips have the same depth) while in
the experiments they do not have the same depth. As it was
mentioned in Sect. 4.1 the asymmetric behavior can be mod-
eled by introducing a new basis of eigen modes (12) which
can have different Q-factors. The used basis in (1) and (2) is
more convenient for coupled disks but it makes no sense to
have different Q-factors for cw and ccw mode. For the sym-
metric mode of the coupled disk system in Fig. 4b this weak
splitting was not observed contrary to the simulation. This
can be understood by the reduced Q-factor of this modes due
to stronger overlap with the rough sidewalls in the coupling
region of the disks. The resulting broader resonance dips can
hide the weak mode splitting. The agreement of simulation
and experimental data over the measured pump power range
is shown in Figs. 4c, d.

Besides the described above different normalization for
reflection and transmission signals, also considered in the
simulations, some additional assumptions made for some of
the parameters used in the simulations have to be under-

lined. According to the transmission losses of the tapered
optical fiber a loss of 20 percent was introduced when cal-
culating the input amplitude from the laser output power.
As was mentioned in Sect. 2 the thermal relaxation of the
disks will strongly influence the nonlinear resonance shift.
Depending on the geometry and involved materials either
the conductive heat transfer into the substrate or the con-
vective heat transport due to the surrounding gas will dom-
inate. It turned out that in reality a combination of both can
lead to an effective relaxation rate in between the usually
fast conductive and slow convective ones. Actually, for the
presented structure the thermal relaxation rate was found
to be 10δth (with δth from (9)) from the best fitting simu-
lations. A detailed view of the transmission and reflection
signals is shown in Fig. 5. Due to the different excitation
strength of the symmetric and anti-symmetric modes they
show a different amount of resonance shift (10 pm/mW for
the anti-symmetric mode, 7.5 pm/mW for the symmetric
mode). For the transmission one can see a linear shift of
the long wavelength tail of the resonances and a relatively
steep transition, whereas for the short wavelength side the
transition gets smoother as stronger the shift is, leading to
a slightly bend curve for a fixed transmission value (dot-
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Fig. 5 Detailed view on nonlinear reflection and transmission measurements and simulations

ted lines in Fig. 5). The reflection signals show the same
transition behavior for both tails of the resonance but due
to the weak maximum signal the details of the short wave-
length side are much clearer. For the weak excited symmet-
ric resonance the reflection signal is close to the noise level
of the detector leading to significant deviations between ex-
periment and simulation. Nevertheless, the amount of res-
onance shift as well as the maximum reflection signal is
reproduced by the calculations. As a further indication of
the reliability of the used nonlinear coupled mode model the
obtained temperature changes of the mode volume can be
calculated from (7). For the highest pump power of 4 mW
a temperature difference Θ(1) of the excited (first) disk of
8.46 K was obtained. For the not directly excited (second)
disk Θ(2) = 4.63 K was calculated. Both values are in agree-
ment with results obtained for a comparable fused silica mi-
croresonator [39].

In conclusion a detailed analysis of temperature in-
duced nonlinear resonance shift in two coupled disk micro-
resonators was presented. The experimental results are in
good agreement with the theoretical calculations based on
coupled mode theory including thermal nonlinearity. Indi-
vidual slopes of resonance shift with increasing pump power
can be observed for distinct eigenstates of coupled disk sys-
tems due to differences in the excitation strength. These dif-
ferences are related to a size mismatch of the individual
disks in the coupled system. The calculated size mismatch
of the coupled disks of only 3 nm emphasizes the challeng-
ing fabrication tolerances that have to be fulfilled for the
realization of working samples of coupled disk structures.
Although a manipulation of the individual disks after fab-

rication is possible to obtain resonance matching, it will
complicate the whole measurement setup and procedure and
might not be useful for larger arrangements of coupled disks.
The observed optical coupling of disk microresonators is
promising for further studies of more complex structures in-
volving larger number of disks also in two-dimensional con-
figurations in the framework of spatio-temporal dynamics in
discrete optical systems. As it was shown in the paper the
fabrication of such structures is possible. Beside this study
of fundamental physical processes coupled microresonators
might be useful for optical filter applications and laser stabi-
lization. The observed difference in the resonance shifts can
be used for tunable filter applications with variable spacing
of filter wavelengths depending on the applied input power.
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