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Preface

It is well established that the millimeter wave spectrum has the performance
advantage over infrared, laser, and visual band of frequencies. The millimeter
wave technology is unique in many ways, the most striking aspect being its
extraordinary broad bandwidth and having better penetration depth in adverse
climatic conditions like smoke, dust, snow, and fog. Further, the wavelengths
at millimeter wave bands being much smaller as compared to the conventional
microwave frequencies, systems are smaller in size and weight, and thereby, have
potential applications in airborne systems for various military programs. This
feature of millimeter wave frequencies has been exploited in military as well as
civilian applications. There is a growing need in wireless applications for ultra-high
data rate transfer, at speeds of 10 Gbps and up, millimeter wave makes it possible.
Worldwide R&D in millimeter wave area has demonstrated many successful tests
to establish the technology with its promising potential for the future of defence
and security.

This monograph addresses the development scenario of the entire millimeter
wave spectrum (30 GHz-300 GHz) comprising of devices, components and
systems. The monograph is organised into seven chapters using top down
approach. It begins with an introduction to frequency bands, unique millimeter
wave applications in communication, key devices and circuit components for
developments of systems. Chapter 2 discusses about millimeter wave devices and
circuits. Devices include generating devices, e.g., IMPATT oscillators, concept of
injection locking phenomenon in oscillators and power combining techniques, etc.

Chapter 3 starts with the millimeter wave control components like PIN and
ferrite switches, phase shifters, circulators and isolators. The millimeter wave
receiver components and circuits are discussed in chapter 4 which begins with
the Gunn devices, various mixer circuits in different topologies, up and down
converters and low noise amplifiers. Millimeter wave transceiver configurations
for different applications are discussed in chapter 5, while chapter 6 is devoted
to the development of millimeter wave systems useful for defence services. These



are LOS systems to provide wireless communications, through point-to-point
(Ship-to-Ship and Ground-to-Air or Air-to-Ground), millimeter wave imaging
system to capture images in foggy and dusty environment and millimeter wave
Identification of Friend & Foe (IFF) for application in battlefield and millimeter
wave satellite terminals for secure communication in border areas through spot
beams of satellite payload, etc.

Finally, chapter 7 presents future trends and technology challenges which
discusses about Exploitation and challenges of millimeter wave frequency spectrum
in futuristic military applications, broadband communication technology,
optical technique of millimeter wave generation with low phase noise signal for
applications in imaging and phased array radar systems; and millimeter wave
options for mobile cell phones.

This monograph is based on the author’s own notes that evolved over the past
several years and his long experience in millimeter wave/microwave field. This
monograph is not intended as a reference textbook but is oriented to add to the
practical design and applications of millimeter wave technology in defence and
civil sectors.

2019 Awadhesh Kumar Shukla
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CHAPTER 1

Introduction to Millimeter Waves

The progress of science and technology has been closely linked to mankind’s
continuous pursuit of utililising Electromagnetic (EM) spectrum towards higher
frequencies as this has opened up new application potentials and enabled new
capabilities for defence and security including commercial applications. The EM
radiation range from lower Radio Frequencies (RF) to gamma rays corresponding
to wavelengths from kilometers to angstrom.

The EM radiation is classified by the wavelength (in order of decreasing
wavelength and increasing frequency) from RF to y-rays, including microwaves
and millimeter waves, as shown in Fig. 1.1.

Microwaves iMiIIimeter waves  Terahertz iInfrared Visible Ultraviolet: X-rays: y-rays
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A = angstrom = 101

Figure 1.1. Electromagnetic Spectrum

The RF include any electromagnetic wave spanning the frequency range
between 3 kHz to 300 GHz. Practically, RF is defined between 100 kHz to 1 GHz,
microwaves between 3 GHz to 30 GHz, and the millimeter wave region is placed
between microwave and infrared regions in electromagnetic spectrum, and it
ranges from 30 GHz to 300 GHz.
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Because microwaves and millimeter waves penetrate the ionosphere, hence
these waves are fully utilised for Satellite Communication (SATCOM) applications.
This characteristic also provides suitability of millimeter waves for terrestrial
communications. The applications may be as Local Multipoint Distribution
Service (LMDS) and Multichannel-Multipoint Distribution Service (MMDS).

In the beginning, communication systems used multiplexing scheme for
speech signals over a microwave carrier, but in the present scenario, microwaves
and millimeter waves are used to build communication systems for any kind of
information, i.e., voice, data, facsimile, and video.

1.1 MILLIMETER WAVES AND THEIR CHARACTERISTICS AS PART OF
ELECTROMAGNETIC SPECTRUM

In 1865, James Clerk Maxwell proved that the EM wave propagates at the
velocity of light', and in 1888, generation of electromagnetic waves was established
by Hertz who found that their characteristics were similar to the light. The history
of millimeter wave technology goes back to the 1890’s when Sir Jagadish Chander
(JC) Bose was experimenting with millimeter wave signals at just about the time
when his contemporaries like Marconi?® were trying to make radio communications.

SirJCBose,in 1895, first demonstrated at the Presidency College, Kolkata, India,
transmission and reception of electromagnetic waves at 60 GHz, over a distance of
23 meters, through two intervening walls by remotely ringing a bell and detonating
somegunpowder?. Firstpracticaluseofmillimeter wavewasestablishedbySirJCBose.
For millimeter-systems system, Sir Bose pioneered development of millimeter
wave components, such as a spark-gap generator, coherer detector, and other
antennae subsystems.

Quasi-opticaltechnique wasselected by Sir JCBose, corresponding to millimeter
ranging wavelengths from 2.5 cm to 5 mm. Millimeter wave system developed by
Sir JC Bose was the milestone achievement in the Asian continent.

Following Bose’s research, millimeter wave technology was confined within
the boundaries of the Calcutta University and government laboratories for almost
half a century. The technology started so, saw its early applications in Radio
Astronomy in the 1960s, followed by its applications in the military in the 1970s.
In the 1980s, the development of Millimeter Wave Integrated Circuits (MMIC)
created opportunities for mass manufacturing of millimeter wave products for
commercial applications. In the 1990s, the beginning of automotive collision-
avoidance radar at 77 GHz marked the first consumer-oriented use of millimeter
wave frequencies above 40 GHz*.

In 1995, the US Federal Communications Commission (USFCC) opened
the spectrum ranged between 59 GHz and 64 GHz for unlicensed wireless
communication, resulting in the development of a plethora of broadband

2
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About the Book

For the growing need in wireless spectrum by wide bandwidth applications such as ultra-high data rate
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system characteristics.
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It presents detailed discussions about millimeter wave devices and circuits, generating devices, e.g., IMPATT
oscillators and Gunn oscillators, where concept of injection locking phenomenon in oscillators and power
combining techniques, etc, have been highlighted. Receiver components, millimeter wave transceiver
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applications in imaging and phased array radar systems and millimeter wave options for mobile cell phones.
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