QUASI-OPTICAL POWER AMPLIFIER

Andrew C. Guyette
Department of Electrical Engineering
University of Hawai’l at Manoa
Honolulu HI 96822

ABSTRACT

A device capable of both transmitting and receiving, as well as tracking, was designed and built.
The device consists of a transmit/receive (T/R) module, a digital controller, and a stepper motor. The de-
vice was shown to successfully track a microwave source. Due to problems with the microwave switch,
the T/R module did not perform well enough to include the transmitting function. However, the T/R mod-
ule was shown to successfully switch between transmit and receive modes. Such a device would be ideal in

the implementation of a communication link between locations that are moving with respect to one another,
such as satellites.

INTRODUCTION

The original objective of this project was to create a quasi-optical planar amplifier that received a
plane wave, amplified it, and then transmitted the amplified signal. Suggested applications included space
exploration missions such as the Mars Pathfinder. A quasi-optical system would increase the efficiency of
the probe’s communication system. However, during the course of the project a more novel design was re-
alized. In addition to receiving and transmitting, this new design includes a tracking function.

The Mars Pathfinder lander used an omni-directional monopole antenna to communicate with the
rover. This limits the speed at which data can be transferred, and also uses power inefficiently. A high-
gain antenna module capable of locating the direction of the rover would result in higher communication
speeds and more efficient power use. The new design accomplishes this with the ability to locate a mi-
crowave source by finding the direction of highest incident power. This microwave source would be lo-
cated on the rover, functioning like a beacon.

METHODS

The T/R tracking devx ce TRANSMIT/RECEIVE MODULE DIGITAL CONTROLLER
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1s composed of three basic mod-

ules (see Fig. 1). The transmit/ F1111 ] o8

receive (T/R) module is com-
posed of a patch-antenna array,
a PIN-diode switch, a 5-GHz
oscillator, and a two-stage am-
plifier/Schottky diode compo-
nent. The patch-antenna atTay
is used both for receiving and
transmitting. The PIN-diode
switch serves to change between
recetve and transmit modes.
The 5-GHz oscillator is used to (A) Y saotyDoa CONTROLLIR
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generate the transmitted signal.

Fig.1 T/R tracking device modules
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The two-stage amplifier amplifies the received signal from the microwave source (the tracking signal).
This signal then rectified by a Schottky diode to DC.

The digital controller controls the operation of the stepper motor and the PIN-diode switch. The
controller takes the DC voltage that is the output of the Schottky diode  as an input. The controller has
two outputs: the DC biases to the PIN diodes in the switch, and the control sequence to the stepper motor.

The third module, the stepper motor, rotates the T/R module until the direction of the tracking sig-
nal is found.

T/R MODULE

5-GHz Linear Broadside Array

The antenna is a one-dimensional linear broadside array of mi-
crostrip patch antennas. The array is composed of patch antennas,
Wilkinson power dividers, and a via hole.

The T/R module requires an antenna that has a narrow main lobe X & %W W
with a peak located at q = p/2, where p/2 is defined as normal to the sur- o s
face. A single patch antenna does not satisfy this requirement, but an array Fig.2 Space factor plot
of patch antennas does. The antenna configuration chosen for
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this characteristic is a 4-element one-dimensional linear array. S
The array spacing was arbitrarily chosen to be approximately | 5 °
0.61. This spacing turned out to be close enough to avoid grat- | 2, I\
ing lobes. A MATLAB plot of the calculated relative magnitude 5 oo+

(not normalized) of the space factor [1] is shown in Fig, 2. The | 8 o= 1{ \3 : 1
width of the main lobe can be characterized by the angles where o
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radiation goes to zero (the nulls bordering the main lobe). The Angle(deprasn
distance separating these nulls is refered to as the first-null 3 ‘ "
beamwidth. The first-null beamwidth shown in Fig.2 is by in- Fig:3 Measured antenna pattern

spection about 56°. The measured antenna pattern is shown in
Fig. 3.
The mask used to fabncate the patch antenna array is
shown i Fig. 4. The lengths and widths of the microstrip lines
were determined using the PUFF microwave CAD package. d)
All paths leading to the via from the individual patch antennas

are of equal length. This ensures that all the power received is

added (or divided) mn phase. The mask was drawn using Corel _
Draw 8. Fig.4 Patch antenna array mask

The output of the antenna array is through a via hole
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located near the center. A chip capacitor mounted vertically e
is used a via. At 5 GHz a chip capacitor is essentially a short WD Ty ey
circuit, without the problem of fringing fields that would occur | m vim | @
with a wire or copper tape via. Lrn.ﬁ:—_] —
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To amplify the received signal to a level where the !
sensitivity of the Schottky diode is adequate, a two-stage am- ]
plifier is used. The amplifier is composed of two cascaded HP  ° e e —

Fig.5 Two-stage amplifier PUFF simulation
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