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ABSTRACT

The basic operation of a 5-GHz wireless transmitter is presented, along with the characterization
of Fujitsu FHX35LG high electron mobility transistors (HEMTs) for use in a transmit/receive
(T/R) switch. To allow switching at high frequencies, chip inductors are used to compensate for
the parasitic capacitances inherent in the transistors. A single FHX35LG HEMT provides 17.0
dB of isolation at 5 GHz, with an insertion loss of 1.2 dB.

INTRODUCTION - WIRELESS COMMUNICATIONS

In space exploration, wireless transmission of data is a key link to many important pieces
of equipment. This technology has been applied to past space expeditions, and continues to be
improved for use in future missions. For example, the Sojourner rover used in the 1997 Mars
Pathfinder mission, as well as the Marie Curie rover that is to be launched on the Mars Surveyor
2003 mission, both receive and transmit wireless data. (A larger lander “control center” “talks”
to the rovers via a UHF radio modem, at a speed of 9600 baud [1]).

In order to gain understanding and experience in the field of wireless communications, a
wireless transceiver project was undertaken, in conjunction with Dr. Wayne Shiroma’s students.
(A transceiver consists of a transmitter and receiver unit.) This researcher’s main contribution to
the project included assisting in the design and fabrication of a transmit/receive (T/R) switch. In
addition, in order to understand the concepts involved in the wireless transmission of data,
research training was undertaken in the design of a wireless transmitter. To contribute to the
clarity of this report, the basic operation of a wireless transmitter is explained first, foHowed by a
description of the work done on the T/R switch.

The fundamental elements of a wireless transmitter are shown in Fig. 1 below:
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Fig. 1: Transmitter block diagram
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The oscillator provides the signal upon which the data is carried. It does this by
converting a direct-current (DC) voltage into a sinusoidal output at a certain frequency. The
output frequency of the transmitter that was designed and built is 5 gigahertz (GHz). The
operating frequency was chosen as 5 GHz because of future wireless applications. Currently,
personal communication devices (e.g. cordless phones) operate at frequencies ranging from 900
MHz to 2.4 GHz, but in the near future the frequency allocation of these devices will probably
shift to the 5 GHz range. Thus, the design of a 5 GHz transmitter may soon have mass-consumer
applications as well.

The modulator is the mechanism by which the data is put onto the 5-GHz signal. A
binary phase shift key (BPSK) modulator is implemented for this transmitter. The function of
the modulator is to place data onto the outgoing signal from the transmitter. This is achieved by
altering the phase of the sinusoidal output signal by 180 degrees. Thus, depending upon the
degree of the phase shift (0 or 180 degrees), the receiver can decode the data signal, in the form
of digital bits.

The power amplifier's main purpose is to boost the power of the output signal, in order
for the transmitter to have the longest range possible. It does this in three stages, using
MESFETs (metal semiconductor field effect transistors).

INTRODUCTION - TRANSMIT/RECEIVE (T/R) SWITCH

As mentioned above, this transmitter design was just one portion of an overall wireless -
transceiver project. In order to integrate a wireless transmitter and receiver operating in half-
duplex mode, a T/R switch is necessary. (A half-duplex transceiver allows only transmission or
reception of data at any given time, and never simultaneously.)

The T/R switch performs the equivalent function of a simple switch. As shown in Fig. 1
above, both the transmitter and receiver share the same antenna in the final transceiver design,
However, the transmitter is designed to output high levels of power, while the receiver is
designed to receive signals with very low power levels. Therefore, if the receiver is connected to
the antenna at the same time the transmitter is transmitting a signal, the excessive power may
cause the receiver components to fail. Thus, a switch is needed so that only one side of the
transceiver (either the transmitter or receiver) is connected to the antenna at any given time.
Although such a switch may seem simple, at high frequencies the transmitter signal will not be
completely cut off by a mechanical switch (so a switch such as a light switch will not work).
Therefore, this switch will be implemented using transistors configured to act as switches. Since
a field effect transistor (FET) can be modeled as a single-pole, single-throw switch (similar to a
light switch), test fixtures to characterize the FET for this type of operation were created.
Gallium arsenide (GaAs) FETs were chosen for the T/R switch as they have been shown to
provide fast switching times, multi-watt capability, and low insertion loss when used as
switching elements. Since GaAs FETs are often used as economical, high-performance
microwave switches in phased-array systems and electronic warfare applications, they are jdeal
devices for a T/R switch [2].

FETs contain three terminals: drain, source, and gate. The FET can operate as a switch
by allowing electrical current to flow from the drain to the source, with the gate acting as the
controller of the drain-to-source current. Normally, when the gate and source of the FET are at
the same electrical potential, current flows freely from drain to source. When a negative DC bias
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