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Spatial Power Combining and Beam Steering Using One- and Two-
Dimensional Coupled Active Antenna Arrays
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Power combining of many active devices using coupled active antenna arrays
and radiation beam steering without phase shifters is presented.

In Chapter 1, historical development of spatial power combining and beam
steering is reviewed. The basic knowledge related to the framework of the thesis is
presented.

In Chapter 2, equations that describe the dynamics of a generally coupled
oscillator arrays are derived. Several types of transmission-line-coupling networks
to establish mutual coupling between the nearest neighbor oscillators even at small
element spacing are developed. To compensate the undesired effect of radiative
coupling on the array performance, resistive stubs to the end elements are added.
Free-running frequency distributions to accomplish beam steering in one- and
two-dimensional arrays are derived. Transient and steady state numerical analyses
of the coupled oscillator arrays are carried out. It is graphically illustrated how a
progressive phase shift is established by detuning the frequencies of end oscillators
equally, but in opposite directions in a nearest neighbor coupled linear oscillator
array. Power combining and beam scanning experiments on 1x2, 1x4, 2x2 and 3x3
patch antenna arrays with Gunn diodes as the active devices are presented.

In Chapter 3, unilaterally coupled oscillator arrays are investigated. Adjacent
oscillators are unilaterally coupled through one of the two paths, which differ from
each other in length, and each contains an amplifier. Changing the frequency
difference between the first oscillator and the others scans the beam. It is shown
that by turning on only one of the amplifiers, one can change the coupling angle to
increase the range of controllable phase shift. As the active device for both
oscillators and amplifiers, MESFETSs are used. Each oscillator is coupled to a patch
antenna via a round aperture on the ground plane. The theory is verified by
several coupling configurations in 1x2 and 1x3 experimental arrays.

In Chapter 4, a novel unilateral coupling scheme is developed for
two-dimensional arrays to reduce the number of elements the frequency of which
should be detuned to control uniform phase shifts along both axes of the array.
Oscillators are coupled unilaterally in a comb-line arrangement. Uniform phase
shifts along both directions of the array can be established and controlled by
detuning the frequencies of only the backbone oscillators. The result of a 2x2
experimental confirmed the theory.

Finally, in Chapter 5, conclusions of the thesis are given. Status and future
directions of the spatial power combining and electronic beam scanning techniques
are also discussed.Unlike mutually coupled linear oscillator arrays, the uniform
phase shift controlled by changing the frequency of only the first oscillator in
unilaterally coupled linear oscillator arrays.
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