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Chapter 1 
 
 

Introduction 
 

1-1 Arrayed Waveguide Gratings 

The explosive growth of internet traffic is pushing the rapid development of 

high-speed broadband optical networks, such as dense wavelength-division 

multiplexing (DWDM) systems [3]. DWDM is an efficient method where 

several channels, each carried by a different wavelength, are transmitted 

through a single optical fiber, utilizing more of the available bandwidth 

without increasing the effects of dispersion. Each channel, since it is 

effectively separated from the others, can be independent in protocol, speed, 

and direction of communication. DWDM also helps realize an all-optical 

network architecture where signals are routed according to wavelength 

without the need for electro-optical conversion. As a result, this type of 

network is potentially faster and more flexible, and can be less costly to 

maintain when compared to other methods. In these optical networks, a 

variety of optical components such as wavelength-division 

multi/demultiplexers (MUX/DEMUXs), erbium-doped fiber amplifiers 
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(EDFAs), lasers, photodetectors, and modulators are indispensable for 

constructing optical networks. Among others, arrayed waveguide grating 

(AWG)-type MUX/DEMUXs based on planar lightwave circuits (PLCs) 

have played an important role as a key optical component for DWDM. 

AWG are optical wavelength de-multiplexers used in DWDM. As well as 

performing basic de-multiplexing functions, they can be combined with 

other components to create add/drop multiplexers, Figure 1-1(c) [1-2], used 

to pipe single wavelengths on and off the network, and Cross Connects, 

Figure 1-2, used for routing. These devices can be passive, where the signal 

routing is fixed according to wavelength, or active, as in Figures 1-1(c) and 

1-2, where optical switches are utilized to dynamically route the signals. 

Both circuits shown are transparent to the data format, can allow 

bidirectional transfer of information, and function entirely in the optical 

domain. These functions allow the construction of different transparent 

optical network topologies, examples of the three major types of these are 

described in the following subsection. 

AWG have been fabricated using various different materials, including 

silica-on-silicon [3-6], InP [7-8], Ion exchanged glass [9-10], 

silicon-oxynitride [11], and polymers [12] all list in Table I. The advantages 

of silica-based substrate include low propagation loss and high coupling 
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efficiency to optical fiber. However, low index contrast requires large 

bending radii of the fiber-matched waveguides. Consequently, the 

silica-based devices have relatively large dimensions, which make them less 

suitable for large-scale integration. Moreover, the passive character of silica 

limits its potential of integration with active components. The advantage of 

InP-based devices has the potential of monolithic integration of active 

components, such as semiconductor lasers, detectors, amplifiers, modulators 

and switches, and the potential to integrate a large number of components on 

a single chip due to the relatively smaller bending radii available for the 

layout. The integration enables us to obtain compact device with high 

functionality. However, such type of high index structure suffers form the 

higher propagation losses, higher fiber-coupling losses and higher sensitivity 

to polarization modes. It is obviously that there some performance of 

Si-based will be better than InP material. 

AWG offers the advantages of low loss, high port counts, and mass 

productivity. AWG reported so far can be divided into can offer four basic 

applications: MUX, DeMUX, add/drop multiplexer and wavelength router. 

Fig. 1-1(a) is a wavelength multiplexer, which combines different 

wavelength form input signals onto a common output. Fig. 1-1(b) shows the 

de-multiplexers, which separate different wavelength from input port onto 
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different output port. Fig. 1-1(c) is optical add/drop multiplexing (ADM) 

from a special class of wavelength selective switches, which is coupling one 

or more wavelength signals form a main input port to one or more drop ports 

by operating the corresponding switches. At the same time, the other signals 

are routed to the main output port, and together with the signals applied at 

the proper add ports. Fig. 1-1(d) Wavelength routers have N  input ports 

and N  output ports. Each of the N  input ports can carrier N  different 

wavelength. The N  wavelengths carried by input channel 1 are distributed 

among output channel 1 to N . 

 

1-2 Forms of Photonic Network 

The simplest form of optical network is the point-to-point network. Optical 

multiplexers and de-multiplexers are required at each end of the link. In this 

configuration, DWDM simply increases the number of channels available 

through one fiber. Passive Optical Networks (PONs) (Figure 1-3) [2, 13-20] 

use a wavelength de-multiplexer as a passive optical router, each wavelength 

servicing an Optical Network Unit (ONU). This allows the ONUs to share a 

single long optical fiber link back to the central office (CO). 

Long haul networks tend to have more than one point where channels are 
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added to and removed from the system, for example to provide a 

bi-directional channel to an optical network unit. To add and remove 

channels optical add drop multiplexers (OADMs) and Optical Cross 

Connects (OXCs) are utilized (Figures 1-1(c) and 1-2), [2, 21-27], to allow 

single channels to be individually piped off the network, and to route 

channels between sections of the network respectively. 

 

1-3 Frame of the Thesis 

The AWG plays a crucial role in the realization of modern optical networks. 

In chapter 2, we adopt one simulation methods for designing and analyzing 

integrated optical Silicon-on-Insulator (SOI) AWG devices are beam 

propagation method (BPM). The BPM is at present the most widely used 

tool employed in the study of optical devices, largely owning to its 

numerical speed and simplicity. Via simulation we pretend to find out a 

comprehensive value of the arrayed waveguide separation PAd  of the AWG, 

and attempt to improve AWG’s performance such as: reduce insertion loss, 

adjacent crosstalk and small size. The material we adapt is UNIBOND SOI 

substrate, which provides excellent guided-wave characteristics of 

waveguide devices; we will introduce the advantage of UNIBOND SOI 
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material technology and manufacture process in chapter 3. The experimental 

results of 64 × 64 AWG are also presented. 

In chapter 4, we design novel integrated optical wavelength selective switch 

incorporating an AWG and electro-optical switches, and we also explain 

how to incorporate AWG and electro-optical switches are presented. The 

simulation results of a 64 × 64 channel AWG with electro-optical switches at 

waveguide array are also presented. 

Finally, we will compare the waveguide devices we designed with various 

arrayed waveguide grating in chapter 5. According to the analysis results of 

optical SOI waveguide devices mentioned in chapter 2, we have compared 

some transmittance power, insertion loss, uniformity (imbalance) and quality 

factor on various AWG. We designed a monolithically integrated 2 × 2 

optical wavelength selective switch for thirty-two WDM signals, in which a 

64 × 64 AWG and an array of electro-optical switches. This wavelength 

selective switch will be widely used in all-optical WDM systems. These 

results are quite useful for the experimental works in the future. 
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 (d) Wavelength Router 

 (a) Wavelength Multiplexer  (b) Wavelength Demultiplexer 

 (c) Wavelength Add/Drop Multiplexer 

Fig. 1-2 An Optical Cross Connect (OXC) employing a space division 
switch for each wavelength 
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Fig. 1-1 Basic functions of arrayed waveguide grating 
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Fig. 1-3 A Passive Optical Network 
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Table I. Summary of various port number and material arrayed waveguide grating 

 
 

Year Author 
Channel 
Number 

Material 
Insertion 

Loss 
(dB) 

Crosstalk 
(dB) 

Center 
Wavelength 

(nm) 

Channel 
Spacing 

(nm) 

Size 
(mm2)

1997
Senichi Suzuki 

[8] 
8×8 Silicon-based 2.4 ＜-28 1550 15 × 

1997
Senichi Suzuki 

[8] 
8×8 Silicon-glass 6.1 ＜-27 1550 1.6 30×40

1998
Yoshiaki 

Tachikawa [9] 
16×16 Silicon-glass 3-5 ＜-25 1550 0.8 30×40

1998
C. G. M. 

Vreeburg [4] 
16×16 InP 2.0 ＜-20 1550 0.8 3.3×1.3

1999 H. Ishii [7] 16×16 InGaAsP ＞12dB ＜-25 1550 1.0 3.6×7.0

1999
Akimasa 

Kaneko [10] 
1×16 Silica 3.2 ＜-30 1550 0.8 × 

2000
Bernd 

Schauweeker 
[11] 

5×5 Silicon-Oxynitride 5 ＜-30 725 5 5×2 

2000 M. Okawa [5] 1×128 SiGe 9.5 × 1545 0.8 75×22

2001
Yoo Hong Min 

[12] 
16×16 

Fluorinated 
polyethers 

5.5-11 ＜-27 1550 0.8 22×27

2002
Katsunari 

Okamoto [63] 

1×16 
cascade 

to  
1×64 

Silicon-based 3.3 -36 1545 0.4 133×43

2003 S. Kamei [6] 1×64 Silicon-based 3.3 ＜-35 1545 0.4 190×55
2005 Our device 64×64 Silicon-based 2.9 ＜-33 1550 0.4 83×12
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