Figure 5.6 —Side View of E-field Vectors Surrounding the Cavity-backed Design.

To verify that the array symmetry and dual feeds will prevent beam-drift across
frequencies, the gain of the array was plotted at center frequency and other, nearby

frequencies.

-90

-180

Figure 5.7 — E-Field Gain Over Multiple Frequencies.
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The plots in Figure 5.7 corroborate this point. It should be noted that the major
lobe of this array remains at broadside for all plotted frequencies (100MHz steps between
4.6-5.4GHz). The gain will degrade, though, in proportion to the departure in frequency

away from f.

5.4 Results and Comparison

The design was again milled into a 60mil Rogers 4003C board (¢,=3.55) and
placed into an aluminum cavity. The cavity was designed such that the groundplane of
the array was flush with the top of the cavity In Figure 5.8, the simulated RL bandwidth
is ~360MHz BW (7.2%) and greater than 1.17GHz (23.4%) for the measured. In
actuality, the RL for the measured design was > 10dB beyond 7GHz, but attention was
kept at the established band of interest. The fabricated and simulated arrays both have
deep resonances near SGHz, but, otherwise, their RL features do not have much

correspondence.
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Figure 5.8 —Simulated vs. Measured Return Loss for Cavity-Backed Array

86



15 -10 -5

T

180

Legend
- - - E-Field Co-pol(Meas)
- = E-Field Co-pol(Sim)

Figure 5.9 - Simulated E-Co. vs. Measured E-Co.

The gain of the simulated, cavity-backed antenna was 14.575dBi with sidelobes
that were 14dB down. Measured gain was more than 3dB lower at 11dBi with sidelobes
still about 14dB down. The E-field co-polarization plots in Figure 5.9 are largely in
accordance, less the apparent anomaly in part of the major lobe. Rather than including
the delay line in the design, one attached post-processing. The delay (including a 50€2

milled line and various coax connectors) was likely the cause of this discrepancy.
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Figure 5.10 - Simulated H-Co. vs. Measured H-Co.

H-field co-polarization cuts demonstrate closer alignment and nearly identical
beamwidths. Impedance or phase errors exposed in the E-plane (Figure 5.9) would be
difficult to detect in the H-field. The array is only capable of beam-tilt in the E-plane,

along the axis that the elements lay along. The width of the beam in the H-plane is set

by the length of the slots and should never tilt.
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Figure 5.11 — Measured E-Co. vs. Measured E-Cross.

Both co-polarization plots show that backside radiation is ~18dB down from the
major lobe. Figures 5.11 and 5.12 exhibit the array’s extremely low cross-polarization

levels for both E and H-planes.
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Figure 5.12 — Measured H-Co. vs. Measured H-Cross.

5.5 Chapter Summary and Conclusions

Through a straightforward design approach, a four-element slot array was tuned to
function well within a metallic cavity. Some approximate assumptions could be made in
the early design stages, but the complexity of the structure necessitates a 3-D solver like

HFSS for reliable characterization. The array yielded a directive lobe at broadside, but
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did suffer from some deformation; likely an incidental artifact of the phase-delay network
on one of the ports. The broad lobe in the H-plane for measured and simulated arrays
were in close agreement. Backside radiation levels were shown to be greatly suppressed,
a direct benefactor to the frontside gain. And, the 8dBi1 of measured gain for the planar

array (Chapter 4) was increased, as anticipated, by 3dB with the installation of the cavity.
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CHAPTER 6

THESIS SUMMARY AND FUTURE WORK

6.1 Summary

This work demonstrated that a series-fed slot array with dual, anti-symmetric
feeds can be designed to function within a metal cavity with improved gain. The four-
element structure generates a single major lobe at broadside with 11 dB of gain and
sidelobes which are14 dB down. Dual feeds, one at each end of the array, are pivotal in
prohibiting beam-drift against frequency and were shown to function as expected. Each
component of the antenna was considered theoretically as a starting point, then analyzed
experimentally in software simulations. Finally, each step of the design was fabricated,

measured and compared to its simulations.

The array was first constructed around a wavelength-long, rectangular slot. Each
slot was designed to radiate with a center frequency of SGHz and ~20% BW. To
improve gain, a linear array of four such elements was capable of ~8dBi of gain and a
bandwidth of +28%. That array was tuned to operate within a metallic cavity for an

improved gain of ~11dBi.

Keeping with modern trends, the CPW-fed, slot array presents an efficient, low-
profile and inexpensive approach for attaining bi-directional or uni-directional radiation,

improved gain performance and radiation fixed at broadside over a range of frequencies.
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This work seeks to make its small contribution to the bigger body of concurrent research.

There is, no doubt, much room for improvement with this design. Suggestions are in 6.2.

6.2 Future Work and Recommendations

Throughout the process of developing this project, many questions arose.
Entangled with these questions are many plausible solutions, only a few of which could
be fully explored. The author could go on ad infitum in suggesting future work or citing
useful enhancements for this project. A few of the more pertinent modifications will be

named below.

The gain of the array could most readily be improved by expanding the array
with additional elements. The series-fed structure is such that more elements could be
simultaneously fed if the impedance of the lines was set to match their respective
impedances. For increased the bandwidth, the bow-tie slot showed promising potential.

It and other slot designs should be investigated further for bandwidth improvements.

To implement the scanning capabilities of this work, a phase shifter and/or power-
splitting network is necessary. Phase shifters can be constructed in a number of ways but

must address, in varying degrees, some issues like:

1.) Ability to change rapidly

2.) High peak and average power handling
3.) Low loss

4.) Insensitive to temperature changes

5.) Small in size and weight
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Common to phased arrays for radar applications, diode phase shifters and ferrite
phase shifters are potential candidates. The diode-flavored are digital devices which have
discrete phase values while the ferrite shifters are analog and are driven by applying an

external H-field.

Ultimately, the combination of many planar segments, like that designed here,

could be arranged around a cylinder to form an omni-directional pattern (Figure 6.2).

Radiating Slots
G
| I E— -
i L S
G
Feed Point Phase control

Figure 6.1 — Linear Array with phase shifter (a), Omni-directional Structure (b)

Each panel would make up a portion or slice of the total far field pattern.
Coupled with a phase shifting network, each directive beam could scan vertically (as
picture in Figure 6.1(b)). This concept is ideal for moving objects that are prone to tilt,
lean, or pitch. The panels could be electronically steered to compensate for the

movement of the vessel and keep radiation fixed in a particular direction. Additionally,
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the design pattern allows each panel to be individually turned “on” or “off”, thus
preventing any transmission or reception in a particular direction. This feature would be
propitious in combating jamming attempts as the segment(s) undergoing jamming could

be intentionally disabled.
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