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ABSTRACT
The goal of this research is to develop an unconstrained
reconfigurable programmable array antenna that we
call the Software Defined Antenna™. We create patch
arrays using individual controllable pixels.
The
aperture of the array is made up of a large group of
small (<1/10 λ) pixels. Each computer controlled pixel
is a small piston made up of a metal top, a dielectric
shaft, and a metal base. When a line of pixels is raised
into the up position, a microstrip transmission line is
created. A patch antenna is created when multiple
pixels are raised into the up position to form a larger
rectangle or other shape.
In the final design, a set of feed lines and antennas can
be created to form an antenna array within 1
millisecond. Under computer control, it is possible to
change the beam direction, the beamwidth, the
polarization, and the frequency of operation of the
array.
Theoretical results, experimental results and the
implementation of a working prototype will be shown
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1. Introduction
Research is being performed at The Ohio State University
ElectroScience Laboratory to develop a Software Defined
Antenna™. Microstrip antenna arrays are created using
small computer-controlled pistons. As shown in Figure 1,
each piston has a conductive top and mid-layer so that a
ground plane, substrate and conductive microstrip layer can
be created by moving the piston up or down.
In the past, researchers have studied microstrip lines over
perforated [1] or grid-like [2] ground planes. The effect on
the operational frequency and impedance of the associated
structures was shown. Xue et al [3] for example, showed
the effects of introducing cell-like structures in microstrip

lines for the purpose of controlling microstrip transmission
line impedance.

λ/20 (0.7-mm @21 Ghz)
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Figure 1. Ceramic pixel microstrip concept
The microstrip transmission lines and the patch antennas
created using this technique are therefore made up of metal
over a dielectric, but there is no dielectric in other
locations. This finite dielectric type of microstrip line has
been studied by Smith et al. [4], to yield curves of intrinsic
transmission line impedance versus the height to width
ratio of the structure as shown in Figure 2. These curves
permit the design of the small pistons so as to yield specific
desired characteristic impedances.

A number of tests were done using such structures. An
example is shown in Figure 4. For this plot, a set of S11
data was taken over a fairly large frequency band, but this
band was truncated to the 3-5 GHz band and the data was
time gated to eliminate effects due to the coupling between
the coaxial cable and the pixel microstrip line. This permits
us to plot the behavior of the antenna alone. Three
different tuning results are shown. The curves show results
for the case where the microstrip line is attached to the
patch antenna with no tuning, then with removal of 1 pixel
on either side of the patch attach point (inset transmission
line tuning) and then with the use of tuning stubs. Note
that very good efficiency of coupling between the
transmission, line and the patch antenna can be achieved.
In fact. an extensive study of tuning available using tuning
stubs constrained by the size and geometry of the
individual pixels shows that stub tuning can be very
effective.

Figure 2. Finite dielectric Microstrip lines (from [4])

2. Experimental Tests
Earlier tests of the theoretical behavior of such lines were
done using steel hexagonal nuts glued on top of similar
nylon nuts. These could be moved around on a ground
plane to form transmission lines and antennas. Effects of
geometrical shape and pixel-to-pixel gap size were studied.
The new testing is being done using ¼ inch square pixels
because that is the size of the prototype that is being
constructed. A photo of a patch antenna using such square
pixels is shown in Figure 3.

Figure 4. Pixel patch antenna S11 values.

3. Working Prototype Development
Simultaneous with the study of the behavior of pixel-based
microstrip transmission lines and pixel-generated patch
antennas, Syntonics Corporation has been developing a
computer controlled prototype.

Figure 3. Patch antenna from ¼ inch square pixels

The prototype is made up of a large number of small pixels
as shown in Figure 5. The pixels are raised and lowered
using very small (1/4 inch diameter) solenoids. A USBbased interface permits computer control of the array of
pixels. The overall solenoid control concept is summarized
in Figure 6. Note that the small solenoids are layered so
that they can be placed in an overlapping configuration and
thus control the ¼ inch square pixels.
The working prototype will consist of 256 of the ¼ inch
diameter solenoids fabricated on 4 printed circuit cards.

Each card will be an 8x8 array of 64 such pixels controlled
over a USB interface. The cards are designed to be edge
mounted in groups so that a working array of 16 by 16
pixels can be created. This will be a 4 inch by 4 inch
prototype aperture where various antenna configurations
can be created under computer control.
A vendor created the individual pixel pistons based on
CAD drawings as shown in Figure 5. A two step process
was used to create layers of conductive and dielectric
polystyrene. The individual pixel has a travel limiting
captive stem and a molded-in metal rod (“tail”) for the
push-rod.

Figure 5. Individual pixel piston
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Figure 6. Solenoid configuration on 4-layer PC boards.
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Figure 7. Logic flow diagram for automatic antenna array generation using pixels.

4. Software Pixel Layout Control
As the experimental data on the behavior of the pixel
transmission lines and patch antennas was being developed
along with the working prototype to demonstrate the
system, it was also necessary to develop the software to
configure the pixels to perform the antenna function.
We have developed a computer program that takes as input
the desired operational frequency, polarization, beam gain
and pointing angle and creates a pixel pattern to yield the
antenna array.
The automatic array generation software block diagram is
shown in Figure 7. Note that we start with the polarization
and frequency requirements and design the individual patch
element. The array design is then derived from the total
required gain. Finally, the transmission lines are adjusted
to yield the desired pointing angle based on true-time delay
theory. Of course some requirements may be impossible
given the pixel size and the total aperture size. These
requirements are flagged and rejected on input.

5. Summary
We have designed a Software Defined Antenna ™ where
the radiating elements, transmission lines and matching
networks are made up of computer programmable pixels.
We have theoretically studied this concept and built a large
number of test setups to evaluate its behavior. Finally, we
have built a prototype system so that the overall system can
be tested.
We expect prototype system test results to be available
soon.

6. References
[1] Kahrizi, M., Sarkar, T. K., and Maricevic, Z. A.
“Frequency Dependent Characterization of a Microstrip
Line Over a Perforated Ground Plane,” Electrical
Performance
of
Electronic
Packaging,
1992
Volume , Issue , 22-24 Apr 1992 Page(s):87 – 89

[2] Moongilan, D., “Minimizing radiated emissions from
PCBs using grid-like ground plane impedance matching
techniques,” Electromagnetic Compatibility, 2005. EMC
2005. 2005 International Symposium Volume 3, Issue , 812 Aug. 2005 Page(s): 971 - 976 Vol. 3
[3] Xue, Q., Shum, K.M., and Chan, C.H., “Novel 1-D
microstrip PBG cells.” IEEE Microwave and Guided Wave
Letters, V. 10, Number 10, Oct. 2000, pp. 403-405.
[4] Smith, C. E., “Microstrip Transmission line with finitewidth dielectric,” Microwave Theory and Tech., Vol. 28,
No. 2, Feb. 1980.

7. Acknowledgments
This work was supported by the U. S. Navy under contract
N68936-06-C-0052.

