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ABSTRACT 
 
In this application note, we describe optical 
multiplexers/demultiplexers based on arrayed 
waveguide gratings and explain their functionality, as 
well as discussing the various types currently 
available on the market and their effective 
application in a communications’ network. We will 
also review the typical transmission parameters of 
these devices. 
 
1. INTRODUCTION 
 
In recent years, the arrayed waveguide grating 
(AWG), also known as the optical phased array 
(PHASAR), phased-array waveguide grating (PAWG), 
or waveguide grating router (WGR), has become 
increasingly popular as a wavelength multiplexer and 
demultiplexer (MUX/DeMUX) for dense wavelength 
division multiplexing (DWDM) and very high density 
wavelength division multiplexing (VHDWDM) 
applications. This popularity is largely due to the fact 
that AWG-based devices have been proven capable 
of precisely demultiplexing a high number of optical 
signals (carrying information at various wavelengths) 
with relative low loss. A further advantage of AWGs is 
that they can be included in a more complex 
management system, such as OADMs (Optical Add 
Drop Multiplexers), or with VOAs. 
With the recent development and growth of the 
Fibre To The X (home, office, ..) – FTTx market, the 
AWGs are also been used for CWDM applications 
where a much lower number of transmitting optical 
signals is required. 
In the next generation access networks (NGAN) the 
AWGs have been found to be very suited as optical 
coders/encoders that can generate and process 
optical codes directly in the optical domain.  
 

2. WHAT IS AN AWG? 
 
Based on the substrate, an AWG consist of an array 
of waveguides (also called phased array) and two 
couplers (also called the free propagation region – 
FPR) (Fig. 1). One of the input waveguides carries an 
optical signal consisting of multiple wavelengths λ1 - 
λn into the first (input) coupler, which then distributes 
the light amongst an array of waveguides.  
 

 
 
 
 
 
 
 
 
 
 
 
The light subsequently propagates through the 
waveguides to the second (output) coupler. The 
length of these waveguides is chosen so that the 
optical path length difference between adjacent 
waveguides, dL equals an integer multiple of the 
central wavelength λc of the demultiplexer. For this 
wavelength the fields in the individual arrayed 
waveguides will arrive at the input of the output 
coupler with equal phase, and the field distribution 
at the output of the input coupler will be 
reproduced at the input of the output coupler. 
Linearly increasing length of the array waveguides 
will cause interference and diffraction when light 
mixes in the output coupler. As a result, each 
wavelength is focused into only one of the N 
output waveguides (also called output channels). 
 

  
Fig. 1: Principle of an AWG. 

 
 

3. AWG FABRICATION 
 
The AWG is a planar waveguide structure usually 
obtained on silicon wafer substrate with a SiO2 
lower cladding oxide obtained using thermal 
oxidation of Si substrate. Chemical vapor 
deposition (CVD) process creates GeSiO2 active 
layer with refractive index higher than the refractive 
index of the cladding layer. Optical lithography 
and dry etching define then AWG waveguide 
structure. The growth of the upper cladding (CVD 
process) with refractive index matching with lower 
cladding is the last technological step. 
Because the fabrication of the AWG is based on 
standardizes techniques, the integration of the 
AWG offers many advantages such as 
compactness, reliability, fabrication stability, and 
significantly reduced fabrication and packaging 
costs. 
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The inherent advantages of the AWG also include 
precisely-controlled channel spacing (easily matched 
to the ITU grid) simple and accurate wavelength 
stabilization, low and uniform insertion loss, narrow 
and accurate channel spacing, and large channel 
numbers. 
  

4. DIFFERENT TYPES OF AWGs 
 
Various AWGs are available on the market. They can 
be divided into two main groups according to the 
material used: so-called low-index and high-index 
AWGs. Low-index AWGs with a typical refractive 
index contrast of 0.75% have the advantage of their 
compatibility with optical fibres, and hence very low 
coupling losses between output waveguides and 
optical fibres. The disadvantage of such AWGs is 
their size, which corresponds with the waveguide 
curvature that may not lie below a critical value. As a 
result, increasing the channel counts and narrowing 
the channel spacing leads to a rapid increase in the 
AWG size and this, in turn; causes the deterioration 
in optical performance like higher insertion loss and, 
in particular, higher channel crosstalk. In contrast to 
this, high-index AWGs feature a much smaller size 
but also much higher coupling losses. 
 
Research centre for Microtechnology offers 

both low-index AWG designs with a typical 

refractive index contrast of 0.75%; and 

high index AWG designs with refractive 

index contrast on request. 
   
As the number of waveguides used to carry the 
information in DWDM systems is generally a power 
of 2, the AWGs are designed to separate two 
different wavelengths, or 4, 16, 32, 64 etc. In addition 
to this, 40- and 80-channel AWGs are also available. 
Systems being deployed at present usually have no 
more that 40 wavelengths, but technological 
advancements will continue to make higher numbers 
of wavelengths possible.  
 

Research centre for Microtechnology has 

already succeeded in realizing the designs 

up to 256-channel MUX/DeMUX 

(separating 256 different wavelengths). 
    
    

    
    
    
    
    
    
    
    
    
    
    

Figure 2: Simulated transmission characteristics of 
25 GHz, 256-channel AWG (of its first 56 channels only, 
because of enormous computing time needed for 
calculation). 

 
The wavelengths being used to transmit the 
information are usually around the 1550 nm 
region, the wavelength region in which optical 
fibre performs best (it has very low loss and low 
attenuation). Each wavelength is separated from 
the previous one by a multiple of 0.8 nm (also 
referred to as 100 GHz spacing, which is the 
frequency separation). However, they can be also 
separated by 1.6 nm (i.e. 200 GHz) or another 
spacing as long as it is a multiple of 0.8 nm. These 
channel spacings refer to WDM systems. On the 
other hand, increasing capacity demands mean the 
present aim is to squeeze even more wavelengths 
into an even tighter space, which may result in as 
little as half the regular spacing, i.e. 0.4 nm 
(50 GHz) or even a quarter, 0.2 nm (25 GHz). Such 
narrow channel spacings are being used in DWDM 
systems. However, the recent rapid growth in 
network capacity has meant that even higher 
capacity transmission is required in DWDM 
systems. To meet the growing capacity demands, it 
is necessary to continue increasing the channel 
counts of these AWGs as far as possible, i.e. 
decreasing their channel spacing going down to 
10 GHz or less.  Such AWGs play a key role in the 
very high density wavelength division multiplexing 
(VHDWDM) applications. 
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Figure 3: Measured transmission characteristics of 64-
channel, 50 GHz AWG. 

    

Research centre for Microtechnology has 

an experience in designing AWGs with 

channel spacings of 200 GHz, 100 GHz, 50 

GHz, 25 GHz, 12.5 GHz and 10 GHz as well 

as AWGs with a typical channel spacing of 

2500 GHz (20 nm) for CWDM applications. 
 
The optical signals transmitted can have different 
shapes. The most common is the Gaussian passband 
(or Gaussian shape), see Fig. 2 and 3, which features 
very low insertion loss. In contrast to this, the flat-top 
passband suffers far higher insertion losses but 
features much better detection conditions (see Fig. 
4). Somewhere between these two shapes lies so-
called semi-flat passband, this is also often used in 
DWDM systems. 
 

Research centre for Microtechnology 

designs all three types of AWGs: Gaussian, 

Flat-top and Semi-flat. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

 

Figure 4: Measured transmission characteristics of 8-
channel CWDM AWG with 20 nm channel spacing. 

 
A special part of the AWG family creates so-called 
“cyclic” or “colourless” AWG with an usual 100 GHz 
or 50 GHz channel spacing and 8 (or 16) output 
channels. Here applying a special design such 
AWG will repeat its orders and can work in any 
predefined channel band. In other words, the same 
colourless AWG can work on channels 1 to 8 or 9 
to 16 or 17 to 24, and so on. 
 

 
Figure 5: Measured transmission characteristics of 8-
channel, 100 GHz colourless AWG. 
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All our AWGs are designed for very good 
transmission characteristics, i.e. very low insertion 
loss and signal uniformity over all output channels, as 
well as very good channel isolation (known as 
“channel crosstalk”). 
 

Research centre for Microtechnology has 

developed a special, in-house design 

methodology, which allows AWGs of 

highest quality to be designed in a very 

short time.  
    

5. THERMAL CONTROL 
    
In order to use AWG devices in practical optical 
communications’ applications, precise wavelength 
control and long-term wavelength stability are 
needed. Of course, if the temperature of an AWG 
fluctuates, the channel wavelength will change 
according to the thermal coefficient of the material 
used. By making use of the thermo-optic effect, a 
temperature controller can be build into the AWG to 
control and tune the device to the ITU grid or any 
other desired wavelength.  
Recently companies have demonstrated the use of 
athermal AWGs. The principle involves using a 
special silicon resin in part of the lightwave circuit 
that has a different temperature coefficient than 
quartz glass. This design cuts the temperature 
dependence of the wavelengths of transmitted light 
to less then one tenth of its original value, which 
makes using a temperature-control device 
unnecessary. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

6. WHERE CAN I USE AWGs IN MY 

OPTICAL NETWORK?  
 
In this section, we describe at what points in an 
optical network AWGs can be used. The Figure 6 
shows some examples of where various 
components are employed. Generally AWG 
devices serve as multiplexers, demultiplexers, 
filters, and add-drop devices in optical WDM and 
DWDM applications: 

a. At the transmission point of a DWDM long-
haul network, they can be used to multiplex 
the numerous WDM channels into one fibre 
before the optical fibre amplifiers. 

b. They can also be used as demultiplexers at 
receiver end of such systems. 

c. AWGs can be implemented in the OADM 
part of long-haul communication systems. 

d. They are finding increasing use in FTTx 
systems as CWDM MUX/DeMUX. 

 
 
 
 
 
 
 
 
 

 

Figure 6: Monitoring and management at the optical 
layer. 
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7. CONCLUSION 
 

This application note has reviewed the principles of 
planar-type AWG multi/demultiplexers developed 
for DWDM based photonic networks, including the 
different types of AWGs available on the market and 
their effective applications in communications’ 
networks. 
AWGs are one of the key components for 
constructing flexible and large-capacity DWDM 
networks. The AWG is superior to filters consisting of 
thin film filters and micro-optics, in that it offers low 
loss and high port count, and can be mass produced. 
This wide variety of AWG-based MUX/DeMUX has 
been used in point-to-point WDMs, optical add/drop 
multiplexing systems, and opical cross-connect 
systems. 
The fact that PLC technology allows us to construct 
various optical devices with high levels of 
performance, in addition to AWG-based 
MUX/DeMUX, means that PLC-type devices will 
undoubtedly lead to further innovations in photonic 
networks in the future, just as they have done in the 
past. 
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