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Abstract A fully pigtailed and packaged ultra-compact reconfigurable 4-channel optical add-drop multiplexer is 
shown based on SiO2/Si3N4 microring resonators. Measurements demonstrate full add/drop capability for 40 
Gbit/s datasignal as well as the ability to multicast a channel. 
 
Introduction 
When the optical fiber networks are emerging towards 
the end user’s home, the availability of low-cost 
optical components becomes increasingly urgent 
since the cost of these devices can only be shared by 
a small number of users. Furthermore, reconfigurable 
and scalable components will find increasingly 
applications in backbone networks, since bandwidth 
demands must be dynamically allocated in order to 
make full use of the bandwidth of core networks. 
These components should also be capable of 
multicasting or broadcasting certain wavelength 
channels to more than one end-user.  
Optical integrated components based on densely 
integrated microring resonator (MR) structures have 
the capability to meet the demands for low cost 
components in access and metro environments, as 
the MR is a building block for VLSI optics [1,2]. With 
MRs therefore, new complex filtering and switching 
functions can be implemented. In this paper we 
describe the advanced functional capability of multiple 
tunable MRs in network components. As an example 
a four channel Reconfigurable Optical Add/Drop 
Multiplexer (ROADM) based on microring resonators 
is described, which is shown to be capable of 
reconfigurable high speed functions in metro 
applications.  
 
Single MR 
In figure 1 a schematic drawing of a MR is given 
together with a simulated wavelength response at the 
output ports. When, for a certain wavelength, the light 
inside the ring is in resonance power is dropped to 
the drop port and diminished at the through port. The 
resonances occur periodically with a distance called 
Free Spectral Range (FSR). The resonance 
wavelength can be tuned by, for example, thermal 
tuning techniques. This way a certain wavelength can 
be switched either to the through or the drop port. To 
be able to address any wavelength it is important that 
the tuning range exceeds the FSR. Basically the MR 
acts as an ultra-compact tunable wavelength 
selective space switch. 
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Figure 1 Schematic drawing and simulated response 
of a single microring resonator at the through port 
Ithrough (solid line) and drop port Idrop (dashed line)  

 
 
Multiple MR structures 
Using structures made of more than one ring has 
several advantages for telecommunication filtering 
and switching applications: 
 
1) By using several rings for a single function higher 
order filters can be made. By introducing additional 
feedback paths more desirable filters shapes with flat-
top and steep roll-off are obtained [3]. Also the FSR 
can be extended by using the Vernier effect. 
 
2) By using multiple rings multi-functional complex 
devices can be made. An example for this is the so 
called cross-grid structure [4] that will be applied in 
the structures described in this paper. 
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Figure 2 Functional scheme of a fully reconfigurable 
and scalable switch matrix with 3 input and 3 output 
fibers, each with N wavelengths. 
 
Figure 2 shows a schematic of the rich functional 
behaviour that can be obtained by a matrix cascade 
of MRs requiring only a few mm2 of chip area. The 
first stage consists of a tunable WDM demux for each 
incoming fiber, where every channel can be tuned 
separately. This is a key component since it allows for 
grid-independent and reconfigurable devices. In 
addition, low-cost non-stabilized laserdiodes with 
thermal drift become acceptable. In the second stage 
a plane of space switches for each wavelength and 
output fiber makes it possible to connect any 
wavelength to any output channel. The third stage is 
a set of tunable  multiplexers allowing unique 
distribution of wavelengths as well as broad- and 
multicasting. 
The cross grid based cascade of tunable MRs have 
the potential to combine the optical functions given in 
figure 2 in a compact device. To show some of the 
capabilities an example will be given in an OXC 
(optical cross connect). Futhermore measurements 
on a R-OADM (reconfigurable optical add drop 
multiplexer), which is a part of the OXC, will 
demonstrate the high speed capabilities.  
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Figure 3: possible implementation of an OXC based 
on tunable MRs 
 
OXC 
An OXC connects two or more networks with each 
other by a constant or varying number of different, 

sometimes in time changing wavelength channels. 
Figure 3 shows a possible implementation of an OXC 
with a matrix of tunable MRs having the same 
functionality as depicted in figure 2. The horizontal 
dimension is the tunable WDM demux. The vertical 
dimension is the cross plane. Two of these planes are 
needed to ensure that each wavelength can be 
switched to any of the attached network. 
For optical cross connects it is important that high 
speed data can be switched and filtered.  
 
In the following a pigtailed and packaged test 
structure consisting of 4 tunable MRs arranged as the 
lowest row in Fig.3 [5] will show error free filtering and 
routing of data signals at a bitrate of 40Gbit/s. In this 
setup each wavelength splitting plane must have 
different allocations of wavelengths, avoiding 
wavelength blocking. Since each ring can be tuned 
separately to any wavelength this is possible. 
 

 
Iin 

Iout 

250 μm 
IDrop1 

IDrop2 

IDrop3 

IDr op4 

IAdd1 
IAdd2 

IAdd3 

IAdd4 

 

 
1 cm 

 
Figure 4: Schematic drawing (top) and photograph 
(bottom) of pigtailed/ packaged MR based ROADM 
 
MR based ROADM 
In figure 4 a schematic drawing and photograph of a 
ROADM based on SiO2/Si3N4 MRs is shown. The 
device is built out of four identical MRs, each able to 
drop a particular wavelength [5]. By thermo optic 
tuning of the ring any wavelength within the free 
spectral range (FSR) of 4.2 nm can be addressed. 
The rings can be tuned separately, making the device 
grid independent. Besides the general input and 
output port (In, Out) the device has four add-ports and 
four drop-ports (Add1-Add4, Drop1-Drop4). The 
device, which has a total of 10 input/output ports and 
4 heaters is completely pigtailed and packaged. 
Figure 5 shows the wavelength scan measurements 
of the drop and add ports, when each ring is 
addressed to one specific wavelength. This figure 
shows the capability to drop and add four channels at 
any desired wavelength within the FSR. The 



individual rings were designed to have a bandwidth 
around 50GHz as is described in [6] by choosing the 
proper coupling constants (κ = 0.5) and MR losses (< 
5 dB/cm). Very important for obtaining proper drop 
and add power is that the coupling constants of the 
MR are as symmetric as possible [7]. 
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Figure 5: Measured spectral responses for through-
port (top), individual Add-ports (middle) and Drop-
ports (bottom) with the four channels set at Δλ=0.8 
nm 
 
R-OADM performance at 40 Gbit/s 
At first the performance was investigated for the 
adding and dropping of 40 Gbit/s optical signals by 
EYE analysis using a wide-bandwidth (70GHz+) 
oscilloscope (Agilent 86100B) with precision time 
base reference module. An optical 40 Gbit/s PRBS 
return-to-zero (RZ) data signal with a bit word 
sequence of 231-1 was encoded via modulators on a 
wavelength tunable transmitter. The input signals of 
the ROADM as well as the received output signals at 
the drop ports were amplified by EDFAs and 
measured using high speed photodetectors (U2T). 
Figure 6 shows the used measurement setup. 
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Figure 6: Measurement setup for 40 Gbit/s 
characterization. 
 
Figure 7 shows the measured EYE pattern directly 
after the modulator (top) and at the drop1 port 
(bottom) while the MR was tuned to the wavelength of 
the tunable laser. Clean EYE openings can be seen 
allowing error free detection. The drop1 response 
shows an increase in noise caused by the EDFAs. 
Furthermore at the crossings some inter-symbol-
interference (ISI) can be seen, but the EYE stays 
open enough for detection. All other ports, both drop 
and add showed similar responses. An additional 
groupdelay at resonance of 6 ps with respect to the 
off resonance signals was measured. This is in close 
agreement with the values obtained in [6]. 
 

 
 
Figure 7: Measuered EYE patterns of 40 Gbit/s 
incoming signal and drop1 port  
 
To validate the results of the EYE analysis, BER-
measurements at 40 Gbit/s have been performed. 
Figure 8 shows the back-to-back BER ratio of the Tx 
signal and the corresponding BER ratio measured at  
the Drop1 port of the R-OADM. The latter shows error 
free detection down to 10-9

 with a minor power penalty 
(increase in received power needed to compensate 
for the impairements with respect to the back-to-back 
case) of only 1 dB. The slight error floor is based on 
the additional ASE noise of the applied EDFAs. It can 
be improved by integrated mode transformers 
resulting in a significant reduction of the actual fiber-
chip coupling losses (currently 12 dB). However EYE 
analysis and BER-measurements confirm the R-
OADM being capable for high speed applications. 



 
Table 1: Measured crosstalk (dB) for two 40 Gbit/s 
modulated wavelengths: λ1 is dropped by drop1, λ2 by 
is dropped by drop2 
 

 Drop1 Drop2 Drop3 Drop4 
λ1 - 18.35 21.25 20.63 
λ2 15.43 - 20.21 27.15 

 
The most crucial test for the evaluation of the 
ROADM is the measurement of the crosstalk, i.e 
undesired wavelength still present in a particular port. 
For this measurement we set the MRs on a ITU grid 
of 100 GHZ (~0.8 nm) spacing between neighbouring 
channels. We used two 40Gbit/s modulated RZ data 
signals at λ1 (1550 nm) and λ2 (1555 nm). Because of 
the FSR of 4.2 nm these wavelengths fit exactly the 
resonance condition of the first and second MR 
respectively.  We determined the crosstalk by use of 
an optical spectrum analyser. The results are 
summarized in table 1.  Drop1 was tuned to filter λ1 
and Drop2 was tuned to filter λ2, Drop3 en Drop4 
where tuned to have the same spacing (100 GHz) as 
between the first two channels. The results of 
dynamic crosstalk measurements show good 
agreement with the wavelength scans. Higher order 
filters can improve this [3]. 
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Figure 8: Measured BER vs received optical power at 
40 Gbit/s showing power penalty of 1 dB. 
 
Multicasting 
To see the capability for multicasting the first MR was 
tuned such that only part of the power was filtered to 
Drop1. The second MR was tuned to the same 
wavelength. Figure 9 shows the EYE patterns of the 
simultaneously measured responses of Drop1 (top) 
and Drop2 (bottom). A clear EYE opening can be 
seen for both drop channels demonstrating the 

multicast capability. The amplitude of the EYE is less 
than the one measured in figure 7 since the rings are 
not tuned to full resonance. This however causes the 
ISI to be less since the delay is lower when tuned 
slightly off-resonance. 
 

 
 
Figure 9:  Measured multicast response: 40 Gbit/s 
EYE patterns in drop 1 (top) and drop2 (bottom) 
tuned to same input wavelength channel. 
 
Conclusions 
The potential and architecture of multiple MR 
structures have been discussed and their role in 
optical WDM networks. One of these key 
components, an ultra compact reconfigurable optical 
add-drop multiplexer based on thermally tunable MRs 
has been realized pigtailed and packaged. 
Measurements in a network demonstrator show the 
capability to handle 40 Gbit/s datasignals and to 
multicast this data to more than a single output. 
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