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This paper describes the use of injection phase locked Gunn effect oscillators
as module transmitters for distributed phased array applications. These de-
vices are capable of direct dc to microwave conversion with reasonable ef f i-
ciencies and useful power levels. However, certain problem areas must be
investigated before they can be successfully employed. These areas include
peak and average power output, sensitivity of output power and frequency to
the microwave circuit and bias voltage, phase control, reproducibility and
cost, driver requirements, and temperature and frequency stabili~.

In order to resolve some of these questions, the distributed 4-element array
of Fig. 1 was constructed and tested us” g pulsed Gunn oscillators as the
element transmit ters. PThe devices used were three layer epitaxial sandwich

?2 ~-9
structures with a 1 micr n thick active layer, and a doping-density length
product of N L = 10 The devices were operated in low dielectric con-
stant (cr = ?. 5) microstri~ circuits at a 50Q impedance level. They were
shunt mounted across the line and tuned by a short circuit located approxi -
mately Ag/2 behind the device. Peak power from these circuits was typically
250 mw with the devices biased at 25 volts. The operating pulse impedance
was nominally 258.

A block diagram of the array is shown in Fig. 2. The master phase locking
oscillator is coupled to a four-way power divider through the master circula-
tor. The outputs of the divider lock the individual oscillators through the
element circulators and the locked outputs are radiated by half-wave colinear
dipoles fed by coaxial slotted baluns. The received signals are coupled back
through the element circulators , combined in the power divider and directed
to the receiver through the master circulator. For this prelimina~ investi-
gation phase shifters were not included and only broadside antenna patterns
were measured.
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Phase control of oscillators by signal injection, is a well kown tecknique2-~.
Adler’s linearized theory2 is useful in interpreting experimental data and is
an adequate description in most cases. In this formulation the frequency
pulling range of the locked oscillator is given by

(1)

where

Af=fo-fi

f. = frequency of free running oscillator

f i = frequency of injection signal

P. = free running oscillator power

Pi = injection power

QL = loaded Q of free running oscillator circuit

o = phase difference between output of locked oscillator
and injected signal after locking.

In phased array applications phase errors due to line length differences and
residual phase shift in element components will lead to beam steering errors
and alterations in the anticipated beam shape. Thus the sources of phase
errors in the system must be understood. When phase locked, the operating
frequency of the Gunn oscillator is fi. Equation (1) shows that a frequency
difference Af will produce a phase shift between the locked oscillator output
and the locking signal. Experimental results for this phase shift are plotted
in Fig. 3. This points up one of the inherent difficulties in the use of
injection phase locking to control arrays with large numbers of independent
oscillators which may run at difference frequencies. However, this same
phase shift mechanism may be used to simplify the design of phase shifters
for the array. By varying the locking power ratio (Pi/Po) or by voltage
tuning the Gunn device after it is locked, adjustable phase control may be
obtained.
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Experimental results of output power and frequency as a function of bias
voltage will be presented as well as a discussion of pulser requirements,
module design and other considerations.

Figure 4 shows the degradation of the pulse spectrum of a single Gunn
oscillator when the driver pulse width is increased. This phenomenon is
presumably due to f requen~ modulation caused by pulse heating. The power
spectrwn can be drastically improved by phase locking the devices to the
master oscillator. Figure 5 shows the spectrum of the four element array
measured in the far field. This indicates the output of the entire array is
phase coherent when all elements are locked to the same signal.

Broadside antenna patterns were measured both on transmit and receive. The
transmit pattern is shown in Fig. 6. Notice that the sidelobe levels are
down approximately -14 db with respect to the main lobe which is in excellent
agreement with the calculated pattern for this array, The main nulls are
.20 db which indicates a high degree of phase coherence across the array.
Mutual coupling between radiating elements did not prove to be a problem.

The results of this study demonstrate the feasibility of using Gunn
oscillators as transmitters in modular type distributed phased array
antennas.
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FIGURE 1

Front view of arm’
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PHASE SHIFT AFTER LOCKING AS A FUNCTION OF FREQUENCY

DEVIATION Af=f 0- f i WITH THE RATlO OF P o/Pi AS THE PARAMETER
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Free running oscillator,

pulse length 0.25 Esec.

Free running oscillator,

pulse length 0.8 PSCC.

Injection locked oscillator,

locking power 20 db below

free running output (250 row),

pulse length 0.8 psec.

FIGURE 4 - Spectral smearing vs. pulse length.

Power spectm of Gunn oscillator,

with variuus pulse lengths.

Oscilloscope dispersion 3 megahertz

per division.
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FOUR ELEMENT FAR FIELD TRANSMIT PATTERN IN THE E PLANE, GUNN DIODES PHASE LOCKED

FIGURl 5

Spectrum of four element array phase locked to
the same signal as measured in the far field
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