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Abstract 
 
In this paper we present optical and thermo-optical characterization results of integrated filters based on micro-ring 
resonators fabricated with a couple of polymers ‘‘PVCI/PMATRIFE’’. Their high  index contrast (Dn�0.15 at the 
wavelength of 1550 nm) allows to make small size waveguides with cross sections of 1.5 � 1.5 mm2. The study of the 
impact of different gaps on the extinction ratio and FWHM (full width at half maximum) of filters leads to a better design. 
First experiments of thermal tenability of the microring filter using a thermo-electric cooler (TEC) are also reported giving a 
5 nm shift of the dropped wavelength for a temperature change of 40 K. The fabrication of gold electrodes on microrings is 
reported and the electrical power required for the tuning of the drop wavelength of 0.0055 nm/1 mW 
show that with an optimized electrode design the consumption will be low. 
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1. INTRODUCTION : 

In the domain of integrated optics, microring-resonators are proposed  as  a  basic  building  block  for  the  
creation  of  more complex photonic functions. Using these blocks, it is possible to perform wavelength filtering 
applications. In other words these microring-resonators  could  be  useful  as  multiplexers/demulti-plexers, 
switches, routers and modulators that are very important functions  for  processing  digital  information  [1].  On  
the  other hand,  micro-resonators  are  increasingly  used  in  the  field  of sensors, as they are sensitive to a 
refractive index change at some point of the microring [2,3]. 

For telecommunications, in order to provide the high band-width required to satisfy the increasing demand for 
applications as internet, high quality vide´o and multimedia; dense wavelength multiplexing  and  high  bit  rate  
modulation  are  used  in  optical networks. These technologies are moving more and more towards the end user. 
The DWDM grid standard from the International Telecommunication Union (ITU) is defined for a 100 GHz (0.8 
nm) spacing and below. For this reason, the optical functions must be a thermal devices. 

The future network is expected to be a dynamic WDM network. For this application it is requested that the 
optical functions will be reconfigurable and tunable. This adaptation can be mainly done thermally or 
electrically [4–6]. In our study the aim is to achieve a thermally tunable filter, based on a full polymer micro-
ring resonator for access network using WDM technology. The requirement is an 8 channels filter with 100 GHz 
spacing for 10 Gbit/s transmission rate. The microring fabrication process, the static measurements results and 
the transmission response data at 10 Gbit/s of the fabricated microring-resonators were presented in a previous 
paper [7]. 

In this paper, firstly we briefly remind the fabrication process of those microring resonators and we complete 
this section by detailing electrodes fabrication. In a second section, we present micro-resonators performances 
according to the gap between the ring and the waveguide. Finally, in last section, we report thermo- optical 
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results. 
 

2. Micro-ring technologies and properties 

 
Upper and lower cladding are performed with PMATRIFE (Poly(2,2,2 MethAcrylate of TRIFluoro-Ethyle)) (n= 
1.409 at  λ = 1550 nm). The core is achieved with PVCi poly(Vinyl Cinnamate) (n = 1.555 at λ = 1550 nm). 
This polymer was irradiated by UV for mechanical stabilization. 
 
 
 
 
 
 

Figure 1: Microring resonator filter shape. 
 

The filter shape consists of a microring coupled to two straight bus waveguides on either side as show on 
Figure 1. Optical simulations were carried out to define the microring filter design. The main input parameters 
for the design are: the system requirements:  the WDM channel spacing and number, the inter channel crosstalk, 
the transmission losses. From this we deduce the Free Spectral Range (FSR), the finesse of the filter and with 
the material characteristics including the refractive index contrast (∆n = 0.15 in our case) between the core and 
the cladding materials the better microresonators design could be found. 

 The first critical parameter, the microring radius, is defined as a trade-off between FSR, larger FSR 
correspond to lower ring radius, and optical losses, as they increase with decreasing of bending radius. The 
waveguide size calculated from the index contrast to have a mode confinement level adapted for the required 
coupling ratio was found as 1.5 x 1.5 �m2. With the effective index of this waveguide (around 1.49) the 
minimum bend radius allows defining a ring radius, R, of 120 �m, giving a FSR of 2.04 nm. The last and critical 
fabrication parameter is the gap between the guides and the ring, this parameter defines the filter bandwidth and 
the quality factor (or finesse). On the mask, the gap varies from 1 �m to 0.5 µm, giving a theoretical finesse 
between 10 and 30. 

These polymers are deposited by spin coating. The well-known photolithography (365 nm) and RIE (Reactive 
Ion Etching) are used to perform these structures. However, photolithography step was improved in order to 
achieve sub-micron dimensions [7]. 

In order to achieve the tunability of the filter, gold electrodes are deposited. This requires a mask fabrication 
with electrodes pattern following the microring resonators design and with alignment marks. Note that the 
chromium pattern of the original mask was performed by a laser writing lithography KLOE’s equipment. In a 
first step a film of gold is deposited by sputtering. Then a photolithography step permits to replicate the pattern 
and to align the electrodes on the rings. Finally gold is etched by using KI/I2 in aqueous solution.  

 
 
 
 
 
 
 
 
 
 

Figure 2: SEM image of polymer microring polymer ring and the gap, 
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A schematic representation and a SEM picture of fabricated microring-resonators are given in Figure 1 and 2. 
In this study we chose to perform several series of micro-resonators with different gap sizes. 

In order to validate our simulation results we measure the spectral response of microring resonators according 
to different gaps. A tunable laser (Agilent 8164A with 81680A tunable source) was injected in the input 
waveguide using a lensed fibre with a mode radius of 1.2 µm, at the output a standard single mode fibre is used 
to couple the output waveguide to the detector. This study aims to evaluate the filter properties taking into 
account the actual structure with the different deviations accumulated and caused by the fabrication process. 
The results show that the FSR is independent of the coupling ratio and its value is 1.98 nm. Two important 
parameters of the filtering function for the application in a transmission system are the extinction ratio and the 
Full Width at Half Maximum (FWHM), the Figure 3 presents the changes of these parameters with the gap. 
First we see that the resolution limit of the lithography process is between 0.5 and 0.6 µm as there is a large 
dispersion for the 0.5 µm gap. In order to have an ER higher than 20 dB the gap must be equal or greater than 
0.7 µm.  
 
 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Extinction ratio and FWHM of drop port transfer. 
 

3. EXPERIMENTAL RESULTS  

 
The sample used for the measurement consists in a section of a wafer with several parallels micro-rings and a 
rectangular gold electrode that recover all the microrings (Figure 4). The length of the electrode is 23 mm and 
the width 250 µm, gold wires are bonded on each end. 
 
 
 
 
 
 
 
 

             Figure 4: SEM image of gold rectangular electrodes on the rings. 
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First of all to calibrate the electrode resistance according to temperature, the sample was inserted in a climatic 
chamber, and the resistance is measured at different temperature after stabilisation. The resistance change is 
linear: R (ohm) = 82.235 + 0.133 T with T in degrees Celsius. This allowed determining the effective micro-ring 
temperature. 
In a second step, the sample is assembled with a thermo-electric cooler (TEC), in order to control the sample 
temperature at a fixed temperature of 20°C independently of the environment. A current source is applied to the 
electrode and the voltage is measured in order to know the temperature and the electrical power supplied.  
 

First the spectral responses of the micro-resonators are measured without power applied on the electrode. The 
result of TE polarization for a micro-resonator with a 0.7 µm gap and a 120 µm radius is shown on Figure 5. A 
theoretical curve obtained with a matrix model is also shown; it is according very well with the experimental 
response. The differences in the out of band ranges may be due to no perfect TE polarization state at the input 
fibre. 
 

Figure 5: Experimental results of a 0.7 µm gap micro-resonator, TE response at the drop port and theoretical 
response (dashed line). 
 
Figure 6 shows the spectral response of a filter (R = 120 µm, g = 0.7 µm) according to the heating power 
applied to the electrode. Figure 5 shows the evolution of 4 resonant wavelengths according to the power applied 
to the electrode. On Figure 6(a) the curves show that the filter responses have the same shape at different 
heating powers. On Figure 6(b), the first sequence of measurements was done by increasing temperature and  
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Figure 6: (a) Spectra of the drop port transmission for TE polarization with various 
heating power and (b) measured resonant wavelengths of four channels according 
to the heating power and the temperature.   
 
then the second sequence was made by decreasing the temperature. We can note that in both directions, the 
resonant wavelengths follow the same curve, which shows the absence of hysteresis and excellent repeatability 
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of the tunability. With this rectangular electrode, the resonant wavelengths change with the electrical power 
according to a coefficient value of -0.0055 nm / mW or 180 mW/ nm. This high consumption level is due to the 
large volume of polymer heated under the electrode as the electrode surface is 5.5 square millimetres; if we 
consider only one microring the surface is 0.25 mm2 (1 mm length and 250 µm width) and the tuning coefficient 
is 8.2 mW/ nm. Considering the temperature deduced from the electrode resistance, a thermo optic coefficient is 
found to be -0.15 nm / °C. 
The next objective of the work will be to fabricate a heater electrode with a circular shape on the microring with 
an electrode width of 20 µm. From the design of the two types of electrodes and a thermal model of the polymer 
waveguides it is possible to evaluate what will be the power consumption with the ring localized electrode. The 
tuning efficiency for one micro-ring could be estimated around 2 mW / nm and below 5 mW on the total range 
of the FSR. 
 
 

4. CONCLUSION  

 
We  have  fabricated  integrated  microring  resonators  with  a couple of polymer PVCI/PMATRIFE as core and 
cladding waveguide materials. The filter design is calculated in the aim to perform a thermally  tunable  filter  
for  telecommunication  access  network using WDM technology. We have determined the best trade-off 
between  the  characteristics  of  the  filter  (extinction  ratio  and FWHM) and the gap between ring and 
waveguides to meet the functional requirements of the tunable filter. We have achieved the fabrication of micro-
ring integrated circuits with these couple of polymers  by  a  process  we  have  developed,  ensuring  a  well- 
controlled small gap size (0.7 mm). The micro-ring filters exhibit a good extinction ration up to 20 dB. We have 
undertaken the first experiments of thermal tunability of the microring filter and we can report experimentally 5 
nm shift of the dropped wavelength for a temperature change of 40 K with an excellent repeatability. The 
results reached with large gold electrodes on the micro-rings enable us to expect that the electrical consumption 
could be as low as a few mW with ring localized gold electrodes. 
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