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Abstract  
 
We present a compact demultiplexer based on 
cascaded planar concave grating and ring 
resonators.  The demultiplexer has 28 channels, 
with 1 nm channel spacing. The device was 
fabricated on a silicon-on-insulator (SOI) 
platform using CMOS compatible deep UV 
lithography. The size of the structure is 1.5 x 3 
mm. Insertion loss is 15 dB, channel to channel 
variation is  5 dB 
 
I. INTRODUCTION 
 
High resolution multichannel demultiplexers are 
crucial for telecom and spectroscopic 
applications. Integrated optical demultiplexers 
are advantageous for mass production, dense 
output channels and integration with other 
optical components.  Such demultiplexers have 
been implemented mainly as array waveguide 
gratings (AWGs) and planar concave gratings 
(PCGs). Using silica on silicon a planar concave 
grating with 256 channel,  0.2 nm channel 
spacing has been demonstrated [1]. AWG with 
similar properties on silica has also been 
fabricated by NTT Electronics ( personal 
communication). Such devices can also be 
designed for high index contrast material 
systems such as silicon on insulator, reducing the 
size of the device almost by two decades. 
However, the dramatic decrease in the size 
makes the components sensitive to fabrication 
related random errors. With the current 
technology and processes for SOI,  AWGs are 
limited to free spectral range of 50 nm with 
1.6nm channel spacing, while PCGs  can  have 
more than 100 nm free spectral range but  
performance degrades for channel spacing less 
than 3.2 nm. Narrow spectral filters with 0.2 nm 
3dB bandwidth can be implemented on SOI 
using ring resonators if sufficiently small FSR is 
chosen. In this article, we demonstrate for the 

first time on SOI, that using cascaded  PCG and 
ring resonators high resolution demultiplexer 
with large FSR is feasible. 
 
II. DESIGN AND FABRICATION 
 
The demultiplexers consists of a PCG with 5 
channels separated by 7 nm. The output of each 
channel has 11 ring resonators in series. The 
design of the PCG is based on the Rowland 
geometry, where the 7 µm input waveguide and 
the 2 µm output waveguides are located on a 
circle with a radius of  1.3mm. Both input and 
output waveguides are etched shallower (70nm) 
and tapered adiabatically to 450nm deep etched 
(220 nm) waveguides. The grating facets are 
second order distributed Bragg reflectors, 
individually blazed for 10th order diffraction [2].  
The ring resonators have 3dB bandwidth of 0.3 
nm. FSRs are ranging from 10.8 – 10.9 nm, with 
radii  changing from 7.6-7.7 µm and 2 µm long 
straight sections separated from the waveguides 
by  200 nm gap. The free spectral ranges are 
sufficiently large to obtain -35dB isolation 
between the adjacent peaks of the rings. Only the 
rings that have peaks within -4dB bandwidth of 
the lobes are utilized, and almost haft of the 
channels are not used. As result effective channel 
spacing is  

 
Figure 1. Simulated spectral response of the of 
the PCG (dashed lines) and the demultiplexer 
(solid lines). 
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1.4 nm. Simulation of the demultiplexer response 
is shown in Figure 1.  

The devices are fabricated on a 200 mm 
SOI wafer with 220 nm thick Si top layer on top 
of 2 µm thick SiO2 using  193nm deep-UV 
lithography in combination with ICP-RIE 
etching [2]. The fabrication was done through  
ePIXfab silicon photonics platform 
(www.epixfab.eu ) The fabricated demultiplexer 
is shown in Figure 2. 
 

 
Figure 2. Scanning electron microscope image 
the demultiplexer. 
 
III. MEASUREMENT RESULTS 
 
The response of each channel has been measured 
with a broadband source which was coupled in 
and out of the chip using grating couplers. The 
spectral response of the device is given in Figure 
3. The insertion loss varies between -10 dB and -
17.5 dB, which is in accordance with the 
simulation results. The non-uniformity of the 
channels can be attributed to sensitivity of the 
coupling coefficient of the ring resonators to 
small deviation in gap and waveguide 
thicknesses of the rings [3].  
 

 
Figure 3. Measured spectral response of the 
demultiplexer. 

 
The channel spacing is quite uniform around 1 
nm. The 3dB bandwidths of the peaks range 
between 0.2 – 0.4 nm. Rings with smaller 3dB 
bandwidths are also feasible , however splitting 
of the resonance peak should be taken into 
account.  28 out of the 55 channels has been 
used, discarding the ones with high insertion 
loss, overlapping peak, and high side lobes. The 
device can be potentially used in spectrum 
analysis, and variation in the channels can be 
compensated from the apriori characterization or 
active tuning.  
 
IV. CONCLUSIONS 
 
We have demonstrated a very compact high 
resolution demultiplexer fabricated using CMOS 
process compatible deep UV lithography. 
Despite of sensitivity to fabrication errors, 
cascaded PCG and microring resonators bring 
advantages of both sides and offer a small size, 
low cost demultiplexer solution.  
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