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ABSTRACT

Miilimeter-waves are electromagnetic waves with very high frequency that
extends from 30 GHz to 300 GHz. They have broader bandwidth than microwaves for
communications, so they carry more signals. Higher frequency means smaller
wavelength, and smaller waveiength measures higher resolution making them excellence
for sensing applications, such as remote sensing and atmosphere monitoring.
Furthermore, because of their ability to penetrate fog, smoke, and dust, millimeter-waves
are suitable for a great variety of radar systems (airplane radar, automobile radar,
personal security radar, etc). However, device sizes associated with millimeter waves are
proportionally small. Smaller devices can not generate high powers. Therefore,
millimeter-waves systems suffer from low powers. One approach to overcome the low
power issue is by using MEMS (Microelectromechenical System). In this paper, a new
impedance matching technique, where micron scaled metal structures replacing
conventional devices such as transistors or diodes to reduce power loss in high frequency,
will be presented.

INTRODUCTION

Microelectromechenical system deals with micromachining of silicon where
micrometer dimension metal structures are usually built on top of silicon waver to
achieve dynamic reconfigurability using existing monolithic silicon micromachining
techniques. Recent advances have extended this work from the manufacture of rigid
fittings and deformable sensors, to fully rotatable joints, translating members,
mechanical-energy storage units, and even micro-motors [1].

Microelectromechenical systems reduce the total sizes of conventional devices
into orders of millimeters or submillimeters. They are very suitable for satellite, airplane
and spacecraft because MEMS have very light weight and small sizes. Also they require
almost no current. From the circuit point of view, this is nice because MEMS circuitry
are usually not electromagnetically shielded and extra current will introduce unwanted
electromagnetic coupling that would affect the performance of the circuits at high
frequency. In addition, the power consumption associated with that amount of current is
insignificant, and that would lead to longer life for power supply. Finally, various
semiconductor manufacture techniques make MEMS become relatively cheaper than
conventional devices and suitable for mass production, therefore products are
implemented by MEMS woulid be much cheaper.

For millimeter-waves circuits, conventional coaxial cables and metal waveguides
are too bulky and heavy. Coplanar strip and coplanar waveguide transmission lines have




potential for these high-frequency applications [2]. In many wireless systems howe
post-fabrication and optimization is not allowed due to the difficulty in characteri
device parasitics and fabrication tolerances. In order for maximum power delivery
optimal receiver sensitivity, impedance has to be matched at the boundary. The

approach is to use active devices such as transistors or diodes for matching, but they |
big disadvantages such as very high losses due to the dielectric materials and not suit
for millimeter waves. Our approach is to use passive devices to match the imped
without using active devices. It will reduce the loss of power in the matching networl
the high-power application.

METHOD

In microwave systems, double-stubs impedance-tuning technique is widely
[3]. This method is show in Figure 1 where two sections of reactive element gener
by shorted transmission lines are seperated by a quarter of a wavelength at the oper:
frequency. By appropriately selecting these susceptances, one could match
impedance of the transmission line and the load to achieve maximum power deli
The derivation is followed by Figure 1.
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Figure 1: Equivalent circuit for double-stubs
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By using quarter wavelength transformation, the input impedance Zin without ja is:
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By knowing the value of a and b (they both have to be real numbers), one could generate
the appropriate susceptances using the variable short circuits.

RESULTS AND DISCUSSION

In this research, 50 Q coplanar-waveguides {CPW)} were designed and used as
transmission lines at 10 GHz. Because CPW are planar structures, dimensions in a single
plane could easily control their characteristics. Other circuit elements could also be
fabricated through practical photolithographic techniques, so they are suitable for MMIC.
Three different ways of shunting the circuit were explored to find the least reflection
configuration. Also two distinct short-circuit methods were employed to test the
reliability of generated reactive elements.

A quasi-static analysis was used in designing the CPW. Figure 2 shows the
crossed section of a CPW. In this research, Duroid boards with thickness of 1.27 mm and
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Figure 2: crossed section of

dielectric constant of 10.2 were used. Because the electric fields exist both in the air and
in the dielectric, the effective dielectric constant must satisfy the following. With the

gair < geﬁ' < 8!’






