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1.1  Introduction

Any communication system needs three essential components, viz., a source, a receiver, and a 
medium of transmission. The terminology changes depending on the mode of the communica-
tion systems. In modern-day optical communication, a semiconductor laser has been generally 
used as the source and optical fiber as the transmission medium. The demand for bandwidth is 
increasing with the introduction of new applications, viz., grid computing, smart TV systems with 
live internet broadcasting services, etc. The emergence of three-dimensional (3D) movies in mul-
tiplexes, as well as in-home entertainment systems, demands more bandwidth of data transmis-
sion through optical communication. In order to enhance the transmission rate and bandwidth 
available on the optical fiber, the other ends of the optical network system need to be improved. 
The other ends of the optical network include a range of detectors, multiplexers, switches, and 
buffers [1, 2].

A switch is embedded in the optical communication system to route the message signal under 
the supervision of the control signals. The message signal could be large in size or a large block 
of multiplexed data traffic or a series of lower bit channels to be delivered to the users of an 
optical communication system. An optical switch is versatile in nature as it has a large number 
of usages in communication networks as well as in communication cores of modern-day high 
configuration computers with data rates of 1000 Gbps. With the advent of time, quantum com-
puters have been developed for secure and ultrahigh-speed communications [3]. New computer 
architecture needs newly designed optical switches with the least interruption in the phase 
information of the quantum data packets. The main function of an optical switch is to selec-
tively switch an optical signal transmitting through an optical fiber or one highly configured 
integrated optical circuit to another [4, 5]. A number of switching mechanisms are associated 
with optical communication systems. They are summarized in a brief way in different sections 
of this chapter.
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1  Optical Switches16

1.2  Electro-Optical Switching

Fiber-optic communication systems are experiencing a gradually increasing demand for digital 
smart TV, digital video and broadband internet services, and many other applications. These types 
of communication networks should be compatible enough to accommodate future demands of 
applications at the cost of robust, reliable, and cheap components for information transmission 
and switching. Optical switches are an integral part of optical networks and fiber-optic communi-
cation systems. Several compound semiconductors, viz., gallium arsenide (GaAs) or indium phos-
phide (InP) with the integration of photodetectors and lasers have been excessively used as optical 
switches due to their flexible nature. But the practical realization of these types of devices is costly. 
Different types of integration technologies have been introduced thereafter with some of the 
demerits too, viz., silica or/and glass on silicon configurations are used in integrated optical sys-
tems but monolithic integration with photodetectors and lasers is not possible. Optical switches 
made of polymer have also been used but their stability is not good at all [6]. This section will focus 
on the progress of the electro-optical switching technology as it is using an improved fabrication 
process. Recently, liquid crystals of graphene oxide have also been used as an electro-optical 
switch [7].

1.2.1  Working Principle of Electro-Optical Switches

Electro-optical switching works on various principles, as described below.
(a) Single-Mode Principle: A ridge waveguide is primarily taken for the formation of the opti-

cal switches. The design of a single-mode ridge waveguide has to fulfill certain design considera-
tions. First, a ridge waveguide should have a numerical aperture equivalent in size to that of a 
single-mode fiber. Second, it must contain a large cross-sectional area equivalent to the core diam-
eter of a single-mode fiber. Lastly, the waveguide supports the single-mode operation. A small 
pictorial description of a silicon-germanium-based ridge waveguide is shown in Figure 1.1.

The structure is formed using a Si-Ge layer of the refractive index of n1 deposited on a Si substrate 
with refractive index n2. The width (W) of the ridge is 2aλ following a height (h) = 2bλ. The etching 
depth of the ridge is determined by the term, h′ = 2b(1 − r)λ, where λ is a free-space optical wave-
length, and r is the fractional height of the tapered portions of the rige waveguide. Here, n0, n1, and 
n2 are the refractive index of free space, Si-Ge layer, and Si substrate, respectively. All these refrac-
tive indices are considered at the operational wavelength. The ratio of the lateral to transverse 
lengths must obey the condition stated in equation (1.1) and (1.2) [6] for the proper propagation of 
light within the input and output waveguides.
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(b) Multimode Principle: The evolution of the multimode interference principle has come into 
the picture owing to its benefits in terms of easy fabrication, compact size, low loss, and fabrication 
tolerances. The multimode interference (MMI) switch works on the self-imaging principle. In this 
process, an input field is regenerated in terms of one or many images at periodic instances during 
the propagation of the light. The effective width of a multimode waveguide is represented in 
equation (1.4) [6], where WM stands for the width of the multimode waveguide, nc is the effective 
refractive index of the cladding region, and nr is denoted as the effective refractive index of the 
waveguide. The values of σ are zero and one for TE mode and TM mode, respectively [6].
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(c) Plasma Dispersion Effect: In this method, the carrier concentration of the materials deter-
mines the refractive index. Equation (1.5) can validate this fact clearly [6].
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Here q is a charge of an electron, n is the refractive index of the less concentrated SiGe/Si material, 
c stands for the speed of light in free space, ε0  is free-space permittivity, ∆Nh and ∆Ne  are the 
change in concentrations of holes and electrons and mch and mce are conductivity effective masses 
of the holes and electrons of the SiGe/Si material. For example, taking SiGe/Si material when the 
concentration of Ge is less than 20%, the plasma dispersion effect comes into play to alter the val-
ues of refractive indices [6].

1.2.2  Realization of Electro-Optical Switches

Electro-optical waveguide switches have been developed using Si-based components, polymers 
and lithium niobate (LiNbO3), etc. Silicon-germanium (SiGe) has been used in the production of 
multifunctional photonics-based switching technology because of its less propagation loss within 
the wavelength region 1.3–1.55 μm. Epitaxial growth of SiGe material is in demand as this process 
of device realization is compatible with large-scale silicon integration. Germanium (Ge) is prefer-
able in the electro-optical switching technology as it has a shorter bandgap and the higher mobility 
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Figure 1.1  Schematic of a Si-Ge/Si ridge 
waveguide.
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1  Optical Switches18

of the electrons. Silicon-based electro-optical switches were usually developed using chemical 
vapor deposition (CVD) techniques and molecular beam epitaxial (MBE) growth. The details of 
these fabrication processes can be found elsewhere [8].

1.3  Acoustic-Optical Switching

Acoustic-optical switching deals with the acoustic-optic effect, where mainly the refractive index 
of the medium involved with the optical communication system is altered by the acoustic 
waves [9, 10]. The periodical strain is generated within the optical communication medium in 
terms of simultaneous compressions and rarefactions. The acoustic waves are generated with the 
help of the piezoelectric materials either in the bulk of the material or on the surface of the said 
material. An RF signal has been used as the driver excitation for producing the acoustic-optic 
effect. The electrodes between which the RF electric field has been applied are called the acoustic 
transducers.

1.3.1  Types of Acoustic-Optical Switching

Several types of acoustic-optical switching have been evolved through the years, such as modula-
tors, tunable filters, switches, deflectors, frequency shifters, etc. [11].

(a) Acoustic-Optical Modulator: An acoustic-optical modulator is used for the ultimate con-
trol of the power of a laser beam while the input excitation signal is an electrical signal. In this 
case, the refractive index of the optical medium, such as glass or some other crystal is altered by the 
mechanical strain generated by the oscillation of a sound wave, also called a photo-elastic effect.

	
ij

ij

ijkl klp S1
2 ,	 (1.6)

where ∆ηij is the change in refractive index due to mechanical strain, Skl is the strain (a tensor 
generating from the propagating acoustic wave within the medium), and pijkl is the fourth-rank 
optical tensor.

The main part of an acoustic-optical modulator is a transparent crystal object or glass. Light is 
launched through this glass. Transducers made of piezoelectric material are attached to the glass. 
Thereafter, the RF excitation signal is applied. The piezoelectric transducers produce an oscillating 
electrical signal, which further excites a sound wave at frequency 100  MHz or a multiple of 
100 MHz with an acoustic wavelength of 10 μm to 100 μm (Figure 1.2). This sound wave produces 
a strain wave within the material which is known as photo-elastic effect. This photo-elastic effect 
produces a grating in the refractive index profile; Bragg diffraction occurs at these types of the grat-
ing. Therefore, the acoustic-optical modulators are also called Bragg cells [12, 13].

(b) Acoustic-Optical Frequency Shifter: The working principle of this device is related to the 
acoustic-optical modulator. In the acoustic-optical modulator, when the light beam is diffracted 
within the traveling refractive index grating the diffracted light encounters a shift in the optical 
frequency which is more or less than the excitation signal frequency. This is normally called a 
Doppler shift, which is utilized in acoustic-optical frequency shifters. Acoustic-optical frequency 
shifters are different from acoustic-optical modulators in terms of input excitation RF signal. These 
frequency shifters are usually operated with constant drive power where the frequency is fixed 
sometimes.
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1.4 Therm o-Optical Switchin  19

(c) Acoustic-Optical Deflectors: These types of acoustic-optical devices switch the input laser 
beam in one particular direction using a variable angle. The electrical drive signal usually controls 
this variable angle. This device comes from the acoustic-optical modulators family but it is oper-
ated with a constant power electrical drive signal with variable frequencies. In this case, the direc-
tion of the diffracted beam is determined by fulfilling the Bragg condition as shown in 
equation (1.7).

	
f

v
, 	 (1.7)

where λ is the wavelength of the vacuum, v stands for the velocity of the sound wave passing 
through the acoustic-optical material and f is the frequency of the excitation or drive signal.

1.3.2  Acoustic-Optical Device Materials and Applications

General materials for developing acoustic-optical switches are crystalline quartz, fused silica, and 
tellurium dioxide, etc. Germanium (Ge) and indium phosphide (InP) are used in the making of 
these types of switches for infrared applications. Lithium niobate (LiNbO3) and gallium phosphide 
(GaP) are used for high-frequency optical communication [14]. Acoustic-optical modulators are 
used for active mode-locking purposes to modulate the loss of a resonator in terms of round-trip 
frequency or their multiple forms. They can also be used to modulate the power of the laser beams. 
Acoustic-optical switches are also used as noise-eater devices where the diffraction loss is con-
trolled with feedback circuitry.

1.4  Thermo-Optical Switching

Thermo-optical switching is the main building block of optical communication and switching net-
works [6]. They are in high demand because they are smaller in size, high in scalability, and they 
have the potential to integrate with the waveguide multiplexers and demultiplexers. They also have 
a great impact on optical communication systems as they are an essential part of the optical add-
drop multiplexing systems (OADM). Thermo-optical switches are made of silica and polymers. 
These two materials are primarily chosen as a flexible range of refractive index values can be 
selected to have fewer coupling losses with the optical fiber. Within the channel waveguide, a bot-
tom cladding surface is grown. Thereafter, a core layer is grown on the cladding surface. A portion 
of the core ridge is etched following a coating layer deposited on the cladding region. Commercially, 
thermo-optical switches are produced with silica and polymer technology. Silicon substrates are 

Transducer

sound 
wave

input 
beam

transmitted 
beam

diffracted 
beam

AbsorberFigure 1.2  Setup of a non-resonant 
acoustic-optical modulator; a sound 
wave is generated using the transducer, 
the light beam is partially diffracted.
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1  Optical Switches20

chosen as they are compatible with modern IC technology, good heat conduction characteristics, 
and great surface quality. The second property is essential for thermo-optical switching as the sub-
strate itself should have a good heat sink property. A specific type of stripe electrodes is deposited 
on the cladding surface for inducing switching by generating an exception to the effective refrac-
tive index of the medium [6].

1.4.1  Working Principle of Thermo-Optical Switches

The optical property of any medium can be characterized by the complex form of the refractive 
index function of that medium. Alternatively, that can also be presented by the complex-valued 
dielectric constant ϵ = ϵ1 − ϵ2j. This dielectric constant (ϵ) is a function of the refractive index (n), 
they are related as ϵ  =  n2; therefore ϵ1 and ϵ2 can be derived when the N and k are known: 
ϵ1 = N2 − k2 and ϵ2 = 2Nk, where N, k, ϵ1 and ϵ2 are the optical constants. They are dependent on 

the energy of a photon, i.e., E h
2

, where ω = frequency of a photon. These functions are known 

as the relations of the optical dispersion [15, 16]. The Clausius–Mossotti derivation for the iso-
tropic materials is given by the expression in (1.8) [6]:

	
1 4
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V
	 (1.8)

where V is the volume of the small sphere, αm is the polarizability of the macroscopic sphere. Three 
factors are responsible for the temperature dependence of a dielectric constant. Now, one can have 
differentiation of equation no.  (1.8) with respect to the temperature under the constant 
pressure [6],
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where:
a: when the temperature increases, the specific volume will increase, the inter-atomic spacing will 
also increase and the dielectric constant will decrease with constant pressure;
b: when the volume of the lattice will increase, the polarizability of the macroscopic sphere 
increases;
c: it decides how polarizability changes with the temperature when the volume is constant [6].

1.4.2  Realization of Thermo-Optical Switches

The first realized thermo-optical switch is a digital optical switch (DOS). It is useful for space 
switching systems where multiple wavelength operation is needed. The operating principle of 
DOS is based on the waveguide heating process. A Y-shaped junction is placed on the substrate 
integrated core-cladding stack. Two electrodes are deposited on the two arms of the Y-shaped 
junction. The refractive index has been varied by heating one single arm at a time or heating 
both arms at the same time. Improved functionalized DOS has been reported in several 
literatures [17].
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1.5  ­Liquid Crystal-Optical Switchin   21

1.4.3  Thermo-Optical Switch Materials and Applications

The thermo-optical switch can be implemented from specific materials which have low 
optical losses, low polarization-dependent losses, low wavelength dispersion, resistance to humid-
ity,  mechanical properties with thermal stability, etc. Polymeric materials, benzocyclobutene, 
fluoroacrylate, polyimide, polyurethane, amorphous silica, silicon, silicon nanocrystals, III-V 
semiconductors, lithium niobate (LiNbO3), tantalum pentoxide (Ta2O5), and aluminum oxide 
(A12O3) have been used for the production of the thermo-optical switches [6]. Recently, the pho-
tonic crystal-based thermo-optical switch has also been reported [18].

1.5  Liquid Crystal-Optical Switching

Liquid crystal bears two opposite meanings words in its nomenclature. This is because they exhibit 
intermediate phases in which the state of the matter shows characteristics like liquids as well as 
crystals [8]. The phase of the liquid crystal is represented in terms of ‘nematic’ in electro-optical 
applications. The tensor of the refractive index of nematic is presented similarly to the dielectric 
tensor of a material.

	

n
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0

0

0 0
0 0
0 0

, 	 (1.10)

where ne stands for the extraordinary index of refraction, and n0 is the ordinary index of refraction. 
The birefringence of a nematic liquid crystal can be defined as ∆n = ne − n0. The values possible 
for ∆n reside between 0.01 and 0.3. This large range of values of ∆n coupled with the rotation of 
molecules of the liquid crystal helps in the polarization of light in optical communication systems. 
The refractive index of the extraordinary ray is given by (1.11) [19, 20].
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where θ is the angle between the propagation vector of the extraordinary ray and the director 
axis [21].

1.5.1  Types of Liquid Crystal-Optical Switches

In liquid crystals, the refractive index and birefringence are calculated from the arrangement of the 
molecules, which further helps in the formation of the switches for the optical communication 
systems. The arrangement of the molecules in liquid crystals can be controlled by applying an 
electric field across the liquid crystal.

(a) Liquid Crystal Optical Switch Based on Birefringence: These types of switches are made 
by controlling the direction of the light propagation along the liquid crystals to modify the birefrin-
gence property of the medium without changing the polarization state, but controlling the reflec-
tion and refraction of light coming out of the surface. A setup of this type of liquid crystal switch 
has been presented in Figure 1.3. The refractive index of the liquid crystal (LC) molecules can be 
monitored by placing them accordingly the light propagation vector through the LC material. 
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1  Optical Switches22

The change in refractive index in different cases causes transmission of the optical beam or total 
internal reflection (TIR) of the optical beam [22].

Two other important types of liquid crystal optical switches are (b) liquid crystal optical switch 
based on polarization and (c) wavelength-selective liquid crystal optical switch.

1.5.2  Liquid Crystal-Optical Switch Applications

Liquid crystal-based switches offer vast use in telecommunication applications because they need 
shorter response time and larger efficient optical networks. Modern-day displays called LCD are in 
use everywhere. LCD technology eradicates the demerits of temperature dependence, power con-
sumption, etc. Liquid crystal optical switches find applications in beam steering applications. In 
the photonics domain, liquid crystal optical switches have been used as photonic crystal fiber 
(PCF) [23]. Liquid crystal optical switches are used to achieve polarization diversity features in 
smart antenna applications to set different focal points from the same system [24]. They have been 
used in logic devices also [25]. These types of switches have also been used in polarization switch-
ing applications in communication systems.

1.6  Photonic Crystal Optical Switching

Most optical switches operate on the principle of refractive index change or phase shift between 
the two ports [8]. An optical switching occurs when the phase difference of the light between the 
two ports becomes π, corresponding to the path difference of λ/2. The change in refractive index is 
very small in most of the all-optical switches. Therefore, a very long path length device is needed 
for making the required phase shift. Due to large light-matter interaction and bandgap property, 
photonic crystal-based optical switches have the advantage of smaller size devices and higher 
integration [26].

Photonic crystals are the periodic arrangement of the dielectric rod or air hole perforated in a 
dielectric slab to manipulate the light within a crystal platform. Depending on the periodicity 
direction, photonic crystals are classified as one-dimensional (1D PCs), two-dimensional (2D PCs), 
and three-dimensional (3D PCs) [27]. Photonic crystals can be arranged in a square or triangular 
lattice. It prohibits/guides the light in a certain defined range of frequency called bandgap which 
is obtained from the dispersion diagram of the unit cell of the periodic structure. The bandgap of 
the periodic structure can be controlled by varying the dimensions of the periodic unit cells and 

TE
wave

TE
wave

LC director axis
LC director axis

k-vector
LC LC

k-vector

Transmission state TIR state

Figure 1.3  States of liquid crystal for transmission and total internal reflection (TIR).
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the refractive index difference of the substrate and surrounding material. Due to ease in fabrication, 
mostly two-dimensional photonic crystals are used for the optical switches  [28–31]. All-optical 
switch in 2D PCs can be realized by introducing one of the following in PCs:

●● directional coupler structures [32–34],
●● Mach–Zehnder interferometer [35–37], and
●● resonators [38–41].

Directional coupler photonic crystal can be realized by introducing the line defect waveguide, 
i.e., removing a row of the dielectric rod or air hole in the dielectric slab from photonic crystals 
which create a waveguide to guide the electromagnetic wave. Figure 1.4(a) shows two-line defect 
waveguides separated by a row of rods [34]. An electromagnetic wave, launched in one waveguide, 
is coupled or switched to other waveguides under suitable conditions.

Mach–Zehnder interferometers (MZIs) as an optical switch in photonic crystals can be 
implemented by making the difference in the effective path lengths between two optical signals, 
which results in a difference of phase shift. In MZIs, when an optical signal enters the photonic 
crystal, it splits into two different optical signals and propagates through each arm of the MZI as 
shown in Figure 1.4(b) [37]. A phase shift between the two optical signals occurred due to the dif-
ference in the path length. When these two signals are further added, depending on the phase shift, 
the signal intensity at the output is either high or low and therefore acts as a switch.

Due to the long device length in the directional coupler and MZI structure, they are difficult to 
integrate with the other optical components [42]. By using the resonator-based photonic crystal, 
the size of the optical switch can be reduced efficiently.

Resonator-based photonic crystals have nanocavities that restrict the light in a very small region 
that results in higher interaction of light with matter and reduction in size. To design the multiport 
optical switch, either square-shaped [38] or circular-shaped resonators [28] with waveguide struc-
ture are mostly used. The schematic of the photonic crystal with square- and circular-shaped reso-
nator are shown in Figure 1.5. When the optical signal enters in photonic crystal waveguide, the 
refractive index of the material in the cavity changed which shifts the resonance frequency, and 
switching occurs at the output.

1.7  Semiconductor Optical Amplifier (SOA) Optical Switching

Semiconductor optical amplifier (SOA) based all-optical switches have multi-fold advantages: 
compact size, mass production, low switching power, larger nonlinear coefficients, and low latency 
due to monolithic integration [43]. A schematic of the SOA is shown in Figure 1.6, which is used 

Input

(a) (b)

Input

Output

Output

Output

Input

Figure 1.4  Realization of (a) directional coupler, and (b) Mach–Zehnder interferometers from photonic 
crystal. Source: (a) Modified from [34] and (b) Modified from [37].
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1  Optical Switches24

for amplification of optical signal based on the gain of the semiconductor medium. The principle 
of SOA is similar to that of a laser diode where light is amplified by stimulated emission [44]. But 
in the structure, the mirrors at both the facets of the laser are replaced by antireflection coatings to 
eliminate the resonator structure. In addition, to reduce the reflectance at the end, an inclined 
waveguide can also be used.

In SOA, weak signal input is passed through the single-mode waveguide, which has significant 
overlap with the active region. An electric current is used to drive the active region of the SOA, 
which generates the large carrier density in the conduction band. These generated carriers take 
part in the optical transition from the conduction band to the valence band.

SOAs can be categories into two types [45]:

(a) Fabry–Pérot Amplifiers (FPA)
In FP amplifiers, due to mirrors at the facets, light is reflected back to the active region and acts 

as a resonant cavity. Therefore, the light gets amplified due to reflection between the two facets. 
FPA is sensitive to the frequency of the input signal and temperature.
(b) Traveling-Wave Amplifiers (TWA)

In contrast to FPA, TWA has antireflection coatings at the facets. Therefore, multiple reflections in 
the active region do not take place for TWA, and input light gets amplified in a single pass through 
the amplifier. TWA is widely used due to its large bandwidth and low polarization sensitivity.

SOA-based optical switches can be made by integrating SOA with gating elements. The switch-
ing function can be achieved by making the gating element sensitive to the property changed by 
the SOA, like wavelength, phase, and amplitude.

Input

NonlinearRod

(a) (b)

Cavity

Output

Output

OutputInput

A

C

D

B

Input
Waveguide

Waveguide

PCRR

Figure 1.5  Photonic crystal switching by: (a) square-shaped and (b) circular-shaped ring resonator.

Electrical Current

Semiconductor
Cavity

Weak
Signal In

Amplified
Signal Out

Active Region
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Figure 1.6  Schematic of SOA.
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1.8  Magneto-Optical (MO) Optical Switching

All-optical switches, e.g., MEMS switches, thermo-optic switches, and electro-optic switches, have 
high insertion loss or low switching speed. To overcome these limitations a magneto-optical (MO) 
switch has been developed which has low insertion loss and fast switching time. The magneto-
optical switch worked on the principle of Faraday rotation of polarized light. By changing the 
external magnetic field, the polarization of the incident polarized light changed, thus switching 
the optical path [46–48].

Generally, the MO switch is composed of beam displacer, core, and Faraday rotator, as shown in 
Figure 1.7. The working principle of MO switch is as follows: 

When the light has been passed through the collimator and entered into the beam displacer, 
light is divided into mutual orthogonal polarization. Then, by changing the external magnetic 
field, the rotator changes the polarization plane of incidence polarized light, and thus the light 
route is switched.

Optical switches with MO materials have several advantages, which include high integration, 
low insertion loss, large optical cross-section, low operating voltage, polarization-independence, 
and non-reciprocity of the induced rotation. Further, due to no physical movement, MO switch has 
better reliability.

1.9  Micro Electro-Mechanical Systems (MEMS) Optical Switching

A system that consists of micrometer-sized electrical and mechanical components called MEMS 
and its applications include actuators, accelerometers, sensors, switches, and gyroscopes [49–51]. 
The MEMS system is fabricated by photolithography, ion beam etching, chemical etching, wafer 
bonding, etc.

The structure of the MEMS-based optical switch is shown in Figure 1.8. It consists of an array of 
a small mirror on the silicon crystal. The array of the mirror is driven by electromagnetic or elec-
trostatic force to switch the direction of the input light. When the light is passed through the input 
collimator array towards the mirror array, the angle of the mirror is changed by the driven force. 
Thus, the input light changes its path to the different output terminals of the optical switch to real-
ize the ON and OFF function of the light path. In general, MEMS-based optical switches are cate-
gories into two types based on spatial structure: 2D switches and 3D switches as shown in 
Figure 1.8 [49].

By using micromechanical manufacturing technology, the mirror array of the 2D MEMS optical 
switch is integrated on the silicon substrate. Mirrors in the array have CROSS and BAR states as 
shown in Figure 1.8(a). Input light is reflected to the output collimator by using CROSS state mirrors, 
while input light passes through uninterrupted from the mirror array by using BAR state mirror.

Collimator Collimator

Beam Displacer

Core Rotator

Beam Displacer

Figure 1.7  Working of MO switch.
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1  Optical Switches26

In the 3D MEMS optical switch, the micro-mirror can rotate along two axes which results in the 
multiple positions of each mirror and direct light to multiple angles (changing the optical path) as 
shown in Figure 1.8(b). 3D MEMS switch contains pair of mirror arrays: input mirror and output 
mirror. The input light first reaches the array of input mirror, then reflected towards output mirror 
array, and finally reflected to the output collimator array.

The MEMS optical switches are widely used due to their advantages of high integration, low 
power consumption, and low cost.

1.10  Metasurfaces Switches

Metasurfaces are normally used to manipulate the electromagnetic wave or light. Metasurfaces 
have a diverse field of applications in light absorbers, polarization converters, phase shifters, cloak-
ing, and filters, etc. [52–56]. Recently, lumped elements have been incorporated with the metasur-
faces to achieve switching characteristics. Most of the developments have been made for the 
microwave and milimeter wave domain [57, 58]. Graphene has also been used as a switch in a 
recent literature for terahertz applications [59]. Metasurfaces-based switching applications for the 
optical domain have not been explored explicitly.

1.11  Conclusion

Optical switches are one of the most important devices for enhancing the transmission rate and 
bandwidth and reducing the network cost in optical communication systems. An overview of vari-
ous types of optical switching has been discussed in this chapter. The electro-optic switches are 
advantageous for their tiny size due to single mode of operation and are independent on polariza-
tion of the input signal. In acoustic switches, change in refractive index occurred by acoustic wave 
but has the disadvantage of low sensitivity, poor response to optical signal, and high crosstalk. The 
optical switches based on thermo-optic effect has been mostly fabricated by silicon-on-insulator 
(SOI) technology due to its larger thermo-optic coefficient. These switches consume less power 
and have fast response for the optical signal. Photonic crystal switches based on nonlinear material 

Input

Collimator
array

Collimator
array

CROSS state mirror

Mirror array

BAR state mirror

Output mirrors

Input mirrors

Collimator
array

Collimator
array

Output

(a) (b)

Figure 1.8  MEMS-­based optical switch (a) 2D, and (b) 3D. Source: [49]/IEEE.
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have ultra-high response due to the fast response of nonlinear material. Due to the small size of the 
photonic crystals, these switches are easy to integrate with future high-speed optical networks. 
However, higher coupling of these switches with optical fiber is still challenging. Magneto-optic 
switches utilize the Faraday rotation for the switching application. These switches have the advan-
tages of higher integration, low insertion loss, large optical cross-section, low operating voltage, 
and polarization-independence. But the area for the suitable materials for magneto-optic switches 
needs more research. Finally, MEMS switches have been discussed which offer several advantages 
like high integration, low power consumption, and low cost. These switches are most widely used 
optical switches. MEMS architectures with 2D and 3D structure have been described. Metasurface-
based optical switches are in the embryonic stage and need to be further explored.
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