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In terms of the coupled mode theory, microring resonance and electro-optic modulation princeple, a reasonable project is
proposed for designing an electro-optic switch with the series-coupled multiple microring resonators. The simulation and
optimization are performed at the resonant wavelength of 1550 nm. The results are as follows: the core size of the microring
is 1.6 m×1.6 m, the confined layer between the core and the electrode is 1.6 m, the thickness of the electrode is 0.15

m, the radius of the microring is 15.2 m, the coupling gap between the microring and the channel is 0.14 m, and the one
between the microring and the microring is 0.6 m, microring number M is 4, the switching voltage is 4 V, the insertion
loss is 5.4 dB, and the crosstalk is –20 dB. The output spectrum is much flatter and much steeper than that of the single
microring.
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A key issue in the evolution of optical communication net-
works is the availability of flexible photonic modules to man-
age a variety of operations, such as signal routing, wave-
length demultiplexing and switching. The electro-optic
switches with shorter switching time and faster switching
speed are quite appealing for signal processing in optical
system[1-4]. Continuous improvement of electro-optic switches
plays a very crucial role in the transmission performance of
optical communication systems. In particular, the reasonable
selection of electro-optic materials is one of the efficient ways
to improve the performance of electro-optic switches.

In the last decade, microring resonators (MRRs) have re-
ceived considerable attention because of their some excel-
lent features, such as low insertion loss, small crosstalk and
easy integration of fabrication. In practical applications, the
MRR filters should have the so-called box-like spectral re-
sponse to reduce the need for accurate wavelength control[5].
In order to improve the Lorentzian spectral response and re-
duce the switching voltage of a single MRR, we can cascade
multiple microrings serially to form an electro-optic series
coupled MRR array.
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In this paper, by using the theories of the coupled mode,
microring resonance and electro-optic modulation, a reason-
able project is proposed for designing an electro-optic se-
ries-coupled MRR array switch.

Fig.1 shows the structural diagram and the cross-section
of a polymer electro-optic switch with series-coupled mul-
tiple MRRs, which consists of M series-coupled microring
and two channels (input/through channel and drop channel).
The structure of the every microring is followed by: upper
electrode/upper buffer layer/core/lower buffer layer/lower
electrode/substrate, where only the waveguide core is electro-
optic material. Denote R1, R2,… Ri,… RM as the radius of the
microrings, and assume that these microrings have an identi-
cal radius, R1 = R2 = … = RM = R. Let coupling gap between
the microring and channel be h1, and that between adjacent
microrings be h2. Let L be the distance from the input/through
port to the coupling point.

When a voltage is applied on the electrode, the device
becomes an electro-optic series-coupled multiple MRR
switch, of which the principle is as follows. When the signal
with the resonance wavelength is input from the port A, the
applied voltage causes the variation of the refractive index
of the electro-optic material of the microring core, and leads
to the change of the mode propagation constant of the
microrings, and then results in the phase shift in the
microrings. As a result, the variation of the transmission pow-
ers in the microrings and the channels would occur. When
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the operation voltage is equal to the switching voltage, the
power output from the drop channel will be the smallest, while
the output from the through channel will be the largest, thus
the switching function is realized in the device.
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where the operation voltage V can be equal to zero or not.
The refractive index of the core electro-optic material n1 will
be changed to n1+ n1 . Because other layers are non-electro-
optic materials, n2 ,n3 and n4 will be unchanged under the
operation voltage.

Denote a i /b i  and ai/bi to be the input/output amplitudes
at the i-th coupling point respectively . For the M-th ring in
Fig.1, a M+1

and bM+1 are labeled at the under half of the drop

Fig.1 Structural diagram and cross-section of an electro-
optic switch with series-coupled multiple MRRs.

First we give the relation between the operation voltage
and the shift of the refractive index of the core electro-optic
material. According to the electro-optic modulation theory,
we can obtain the shift of the refractive index n1 of the core
electro-optic material versus the operation voltage V as

channel when M is odd, or labeled at the upper half of the
drop channel when M is even. According to the relations of
the amplitudes between the microrings and channels, we give
the transfer functions from the input port to the output of the
input/through channel 2B  and that from the input port of
the input/through channel to the output port of the drop chan-
nel 2D  as follows:

with

where L and Ri are the loss coefficients of the channels and
rings, respectively, the corresponding intensity transfer func-
tions (i.e. output powers) are defined as

In the following simulation, we select the resonance wave-
length in free space 0 = 1550 nm, the refractive index of the
electro-optic polymer core n1 = 1.613, its bulk loss coeffi-
cient   1 = 0.25 dB/cm, and its electro-optic coefficient 33 =
38.5 pm/V; the refractive index of the buffer layer n2 = 1.461
[6], and its bulk loss coefficient 2 = 0.25 dB/cm; the elec-
trode is made of aurum, its refractive index n3 = 0.19, and its
bulk extinction coefficient 3 = 6.1[7]; the cladding beside the
core is air, its refractive index n4 = 1, and its bulk loss coef-
ficient 4 = 0. We take the distance from the input/through
port to the coupling point to be  L = 2000 m , and the radius
of all the microrings to be R = 15.2 m , of which the bend-
ing loss coefficient is about 10–6 dB/cm, which is so small
that it can be neglected. Therefore, the mode loss mainly
arises from the absorption loss of the electrodes and the poly-
mer materials. In the following analysis we have already taken
account of the effect of the bending of the microring on the
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mode propagation constant using the analytical method of
the bending waveguide presented by A. Melloni et al[8]

.
We optimize the values of some parameters of this kind

of polymer device as shown in Fig.1, and investigate the trans-
mission characteristics including the output spectrum, switch-
ing voltage, insertion loss and crosstalk. Calculation shows
that when we select the core width and core thickness of the
micoring within the range of 1.2-1.8 m, in this case, the
single mode propagation of the yE00  mode is realized in the
device, so we take a = b1 = 1.6 m.

Fig.2(a) shows the effect of the coupling gap between the
microring and the channel h1 on the output spectra PD when
the operation voltage V = 0, we take the number of the
microrings M =4, coupling gap between two adjacent
microrings h2 = 0.6 m, and that between the microring and
the channel h1= 0.04, 0.14, 0.24 m, respectively, which is
calculated from Eqs. (2) and (3). We find that as the cou-
pling gap between the microring and the channel h1 decreases,
the non-resonant light becomes strong. If h1 is too large or
too small, for example h1 = 0.24 m or h1 = 0.04 m, the top
of the spectral response is uneven, which will result in the
harmful effect on the filtering of the device. Therefore, h1

needs to be selected properly. For instance, when we choose
h1= 0.14 m, in this case, the box-like spectral response is
flat and precipitous.

Fig.2(b) shows the effect of the coupling gap between
adjacent microrings h2 on the output spectra PD when the op-
eration voltage V = 0, we take the number of the microrings
M=4, coupling gap between the microring and the channel
h1= 0.14 m, and the one between two microrings h2= 0.5,
0.6 and 0.7 m, respectively. We can also find that as the
coupling gap between adjacent microring h2 decreases, the
non-resonant light becomes strong. If h2 is too large or too
small, for example h2 = 0.5 m or h2 = 0.7 m, the top of the
spectral response is uneven, which will result in the harmful
effect on the filtering of the device. Therefore, h2 also needs
to be selected properly. For instance, when we take h2 = 0.6

m, in this case, the box-like spectral response is flat and
precipitous.

Fig.2(c) shows the effect of the number of the microrings
M on the output spectrum around the central wavelength.
Where we take the coupling gap between the microring and
the channel h1= 0.14 m, the one between adjacent microrings
h2=0.6 m, and the number of the microrings M = 1, 2, 3, 4
respectively. We find that the larger the microring number M
is, the more precipitous the spectral response and the weaker
the nonresonant light become. However, when the number
of the microrings M is too large, the spectral response be-
comes more uneven. Therefore, we had better choose M to
be 4-6. Here, we select M = 4, then a flat and precipitous
box-like filter response is formed.

Fig.2 Effects of (a) coupling gap h1 between microring
and channel, (b) the h2 between adjacent microrings, and
(c) microring number M on output spectra PD when V = 0,
where a = b1 = 1.6 m, b2 = 1.6 m, b3

Fig.3 (a) and (b) show the curves of the output powers PD

(i.e. the peak values of the output spectra at wavelength of
1550 nm) versus the operation voltage V, which is calculated
from Eqs. (1), (2) and (3).

Fig.3(c) shows the comparison of the curves of the out-
put powers PD versus the operation voltage V when we take
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Fig.3 Effects of (a) coupling gap h1 between microring
and channel, (b) the h2 between adjacent microrings, and
(c) microring number Mon output spectra PD when V 0,
where a = b1 = 1.6 m , b2 = 1.6 m, b3 .

the M=1, 2, 3, 4, respectively. If we take the switching volt-
age as the operation voltage when the output power PD drops
to 20 dB, we can find that the switching voltage of this
series cascaded multiple microring structure is much smaller
than that of the single microring structure. The larger the
number of the microrings M is, the smaller the switching
voltage becomes. The switching voltage is about 4 V for M =
4, while that of the device with a single microring is over 20
V. This indicates that the switching voltage can be reduced
efficiently by using series-cascaded multiple microrings.

On the basis of the preceding analysis and discussion of
the polymer electro-optic double series-coupled MRRs
switches, conclusions are drawn as follows.

Under the operation wavelength of 1550 nm, we have
carried out the optimum design of the device. By using the
series-cascaded multiple microrings and by selecting proper
parameters, the intensity of the non-resonant light can be re-
duced much weaker, the resonant peak of the output spec-
trum can be improved much flatter and much more
precipitous, and the switching voltage can be decreased much
smaller compared with the single microring structure. The
designed device exhibits favorable switching functions, that
is, the switching voltage is 4 V, the insertion loss is 5.4 dB,
and the crosstalk is –20 dB
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