
ESD-TR-86-198 

Technical Report 
779 

A Dual-Frequency Feed 
with Electronic Tracking Capability 

J.C. Lee 

22 May 1987 

Lincoln Laboratory 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

LEXINGTON, MASSACHUSETTS 

Prepared for the Department of the Army 
under Electronic Systems Division Contract F19628-85-C-0002. 

Approved for public release; distribution unlimited. 

ft&Al*^'^ 



The work reported in this document was performed at Lincoln Laboratory, a 
center for research operated by Massachusetts Institute of Technology. This work 
was sponsored by the Department of the Army, USASATCOMA, under Air Force 
Contract F19628-85-C-0002. 

This report may be reproduced to satisfy needs of U.S. Government agencies. 

The views and conclusions contained in this document are those of the contractor 
and should not be interpreted as necessarily representing the official policies, 
either expressed or implied, of the United States Government. 

The ESD Public Affairs Office has reviewed this report, and 
it is releasable to the National Technical Information 
Service, where it will be available to the general public, 
including foreign nationals. 

This technical report has been reviewed and is approved for publication. 

FOR THE COMMANDER 

/-£*—+x. 

Thomas J. Alpert, Major, USAF 
Chief, ESD Lincoln Laboratory Project Office 

Non-Lincoln Recipients 

PLEASE DO NOT RETURN 

Permission is given to destroy this document 
when it is no longer needed. 



MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
LINCOLN LABORATORY 

A DUAL-FREQUENCY FEED 
WITH ELECTRONIC TRACKING CAPABILITY 

J.C. LEE 
Group 61 

TECHNICAL REPORT 779 

22 MAY 1987 

Approved for public release; distribution unlimited. 

LEXINGTON MASSACHUSETTS 



ABSTRACT 

A dual-frequency Q-/K-band circularly polarized feed with electronic tracking 
capability was developed. Four circumferentially located, externally coupled, diode 
controlled, resonant cavities were used at the horn throat to produce phase-center 
lateral movement. When used to feed a 24-in-diam. offset paraboloidal reflector, an 
average beam squint from boresight of 10 percent of the 3-dB beamwidth was 
obtained over a 5-percent bandwidth. 
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A DUAL-FREQUENCY FEED 
WITH ELECTRONIC TRACKING CAPABILITY 

I.   INTRODUCTION 

A compact dual-frequency feed without electronic tracking was recently described.1 Figure 1 
gives a detailed sketch of that feed. The center frequencies of the two bands are 44.5 and 
20.7 GHz, respectively, and the bandwidth for each is about 5 percent. An antenna using this 
feed can autotrack by mechanically stepping the whole antenna assembly or by conically scanning 
the feed. Mechanical maneuvering of this nature requires relatively high power consumption and 
also suffers the limitations of slow response time and short reliable life. In addition, the beams in 
both frequency bands scan, whereas generally it is desired to leave one beam fixed (the transmit 
beam) and only scan the receiving beam. 

Ways to add an electronic tracking capability to the feed, requiring no mechanical motion, 
were studied and a dual-frequency Q-/K-band circularly polarized feed for an offset reflector with 
electronic tracking capability in the receive band only (K-band) has been developed. The desired 
beam squint from boresight is 6 to 12 percent of the 3-dB beamwidth or, using a 24-in-diam. 
reflector, 0.1° to 0.2°. 
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Figure 1.    Dual-frequency feed without electronic tracking. 



Conventional monopulse tracking feeds using 4- or 5-horn clusters combined with hybrids 
(Reference 2) were excluded early in the study because of this design's inherently complicated 
structure. Various degrees of simplification in tracking feed design have been devised,3-4 and we 
have experimentally investigated three different approaches in order to further simplify the design 
for the case of single-band tracking in a dual-band feed design. The first approach uses four cir- 
cumferentially equally spaced perpendicular probes at the throat of a corrugated horn (Figure 2); 
the second uses a single coaxial probe which protruded from the Q-band circular waveguide 
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Figure 2.    Dual-frequency feed with circumferential error-signal probes. 

opening at the throat of the feed horn and coupled to the TM01 mode (Figure 3); and the third 
uses four circumferentially located, externally coupled switchable resonant cavities to produce lat- 
eral motion of the K-band phase center (Figure 4). For the first and second approaches, addi- 
tional TEM hybrids, couplers, and switches are needed to form a feeding network. 

Results of the general investigation, and particularly the development of the third approach, 
are presented in this report. 
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Figure 3.    Dual-frequency feed with coaxial error-signal probe. 
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Figure 4.    Dual-frequency feed with externally coupled resonant cavities. 



II.   PRELIMINARY INVESTIGATION 

In the first approach using four circumferentially spaced perpendicular probes, both TE21 
and TM01 modes were excited, causing the radiation pattern to be frequency sensitive and the 
beam squint to be asymmetric about the antenna boresight. This approach was quickly 
abandoned. 

In the second approach using a single coaxial probe protruding from the Q-band circular 
guide opening, only the TM01 mode was excited at K-band, resulting in very symmetric error- 
signal patterns as desired. The effects of the probe on overall K-band performance (i.e., gain, 
beamwidth, etc.) were negligible. The presence of the probe in the open end of the Q-band circu- 
lar waveguide, however, adversely affected the Q-band primary radiation pattern. Presumably, the 
length of the axial probe could have been shortened to minimize this adverse effect, but such a 
change would have made the probe less effective in producing adequate beam squint. Detailed 
consideration of mechanical tolerances involving an odd-size small coaxial line in the Q-band 
circular guide also discouraged further consideration of this approach. 

The third approach is similar in principle to a single frequency-band tracking feed used on 
the LES-8/9 crosslink antenna.5 It involves arranging four fringe-field-coupled cavities around the 
K-band coaxial waveguide opening inside the corrugated horn. The electrical length of these cavi- 
ties is varied by switches to create open- and short-circuit conditions at each cavity opening. 
Since the feed is circularly polarized, the antenna pointing error can be readily obtained from the 
beam-lobing information.6 Preliminary tests showed encouraging results. 



III. MECHANICALLY TUNED CAVITY TRACKING FEED 

A two-times scaled feed was constructed with four quarter-wave cavities of curved cross sec- 
tion, each one-quarter of a circular coaxial waveguide to fit around the circular coaxial 20-GHz 
waveguide opening at the throat of the corrugated horn. The length of these cavities was adjust- 
able by means of four mechanical short-circuit plungers (Figures 4 and 5). Preliminary measured 
results of amplitude and phase patterns were promising. Good primary amplitude and phase pat- 
terns were obtained in both the scaled K- and X-bands (corresponding to the original Q- and 
K-bands, respectively). 

For the feed alone, the phase-center transversal displacements when the two pairs of adjacent 
cavities were alternately short- and open-circuited manually was measurable at X-band but 
remained negligible at K-band as desired. The measured phase-center movement data together 
with "calculated" beam squint based on a 24-in-diam. reflector are given in the table below. 
Beam-squint parameters for the LES-8/9 crosslink antenna also are included for comparison. 
(The error slope is defined as dV/d0, where V is error voltage normalized to the peak voltage, 
and 6 is the beam-squint angle normalized to the 3-dB beamwidth.) 

Frequency 
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Phase-Center 
Transversal 

Displacement 
(in) 
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Frequency 

(GHz) 
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Phase-Center 
Displacement 

(in) 

Beam- 
width 
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Beam 
Squint 
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Cross- 
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(dB) 

Error 
Slope 

9.34 

9.66 

9.89 

LES-8/9 

0.12 

0.16 

0.20 

20.2 

20.7 

21.2 

36.94 

0.028 

0.038 

0.047 

1.67 

1.13 

0.11 

0.14 

0.18 

0.085 

0.05 

0.08 

0.12 

0.07 

0.25 

0.38 

0.41 

0.32 

The reflector used with the feed in this development was an offset reflector with a projected 
circular aperture diameter of 24 in. The reflector diameter for the LES-8/9 crosslink is 18 in. The 
corresponding 3-dB beamwidths are 1.67° and 1.13°, respectively. From the table, we see that the 
phase-center transversal displacements are sufficient to cause a beam crossover level about 
0.1 dB, comparable to that of the LES-8/9 crosslink antenna. We note that the operating band- 
width of LES-8/9 is 0.16 percent while the present bandwidth is 5 percent — a 30-fold increase. 

A full-scale mechanically tuned cavity feed horn also was made. With the reflector described 
in the preceding paragraph, the actual beam squints were directly measured by comparing the 
secondary patterns. These results agreed well with the "calculated" beam squints. 



Figure 5.    Photograph of two-limes scaled feed with four mechanical switches. 



IV.    ELECTRONICALLY TUNED CAVITY TRACKING FEED 

Before the electronically tuned cavity tracking feed could be built, it was necessary to 
develop the electronic switches. For compact size and broad-band operation, diodes were chosen 
instead of ferrites as the switching elements. Although beam-lead PIN diodes are considered more 
electrically suitable for high-frequency K-band switching applications, more conventional diode 
packages were used for ease of handling. A few discrete, glass-packaged miniature PIN diodes 
with low RF loss and low reactance were ordered from diode manufacturers. Switching times of 
these diodes are on the order of nanoseconds. Each of the diodes was tested in a K-band diode 
test fixture across the curved waveguide cross section as a switch (Figure 6). 

Figure 6.    Diode switch components in curved waveguide fixture. 

The amplitude and phase characteristics of each diode in both the transmission and reflec- 
tion state were evaluated. Typical transmission and reflection characteristics of the diodes 
(MA-4P104-54) selected for use in the feed with forward- and reverse-bias conditions are given in 
Figure 7(a) and (b). With forward bias, the transmission-mode insertion loss is less than 0.4 dB 
and the return loss is less than 14 dB. With reverse bias, the reflection-mode insertion loss is 
more than 11 dB and the return loss is less than 1 dB. 

With a shorting plate in place at the appropriate location at the rear of the quarter-wave 
cavity, typical reflection phase change of a diode-loaded quarter-wave cavity is given in Figure 8. 
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Figure 7.    Typical transmission and reflection characteristics of diode switch: 
(a) forward biased; (b) reverse biased. 
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Figure 8.    Typical reflection phase variation as diode bias condition changes. 

As the diode was switched, a phase reversal of about 180° 
over the frequency band was about 40°. 

was obtained. The phase variation 

Modifications to the full-scale mechanically tuned cavity feed were made in order to incorpo- 
rate the diode switches. Figure 9 is a sketch showing a typical diode location in the feed. Cou- 
pling characteristics of the K-band circular coaxial waveguide to side cavity are effected by the 
details of the throat geometry and nearby dielectric Q-band wave-launcher. The measured results 
are given in Figure 10. Over the frequency band of interest, the measured coupling is flat within 
1 dB. The coupling coefficient is about 21 dB. 

Four diodes were selected based both on their quality and parity in performance. The 
selected diodes were integrated into the feed. First, each of the four selected diodes was inserted 
at the open end of each of four quarter-wave cavities in the throat of the feed horn. Next, each 
diode was tuned to parallel (forward bias) and series (reverse bias) resonance at 20.7 GHz by 
adjusting the positions of the diode and the RF blocking capacitors. Specially made waveguide 
transition fixtures were used to monitor the switching performance during this process. Figure 11 
shows the location of the diode in the horn and transition fixtures. 

The transition fixtures were removed and the feed was then installed in a reflector, and 
actual antenna beam-lobing was determined by measuring and comparing the antenna radiation 
patterns as the four diodes were switched in adjacent pairs. Figure 12 shows the tracking feed 
with the reflector antenna on a measuring pedestal. 
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Figure II.    The tracking feed horn and the transition fixtures. 

in 

Figure 12.    Tracking feed with reflector antenna on measuring pedestal. 
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Figure 13.    Measured beam-loping patterns at 20.4 GHz. 
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Detailed measured results in 0.1-GHz increments showed clear beam squint at K-band but 
negligible squint at Q-band, as desired. Figures 13 to 17 show measured beam-lobing from 20.4 
to 21.4 GHz as the four diodes were switched. Over the bandwidth of interest at K-band, both 
the beam width and beam squint vary somewhat. The center frequency for a 1-GHz bandwidth 
for the best K-band beam-squint performance is 20.9 GHz (about 1-percent higher than desired). 
This small frequency shift could be "tuned out" by pretuning the diode switch to a lower 
frequency. 

Over the required frequency range, the average beam squint between the unbiased states and 
two pairs of diodes in oppositely biased states is 0.17°, with a standard deviation of 0.06°. This 
beam squint corresponds to an error slope of 0.4 and a crossover tracking loss of about 0.1 dB. 
The maximum beam squint is 0.21°; the minimum is 0.14°. This is effectively within the required 
range of 0.1° to 0.2°. The average beam width is 1.60°. At certain frequencies, as the beam is 
switched, a slight change in beam peak level of up to about 0.2 dB was noticed. The suspected 
main causes are poor contacts at the diode leads and the cavity shorting plates. The maximum 
beam crossover pointing change due to this effect was about 0.07°. 
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Figure 14.    Measured beam-loping patterns at 20.6 GHz. 
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Figure 15.    Measured beam-loping patterns at 20.9 GHz. 
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Figure 16.    Measured beam-loping patterns at 21.2 GHz. 
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Figure 17.    Measured beam-loping patterns at 21.4 GHz. 

19 



V.   DISCUSSION AND CONCLUSIONS 

From this development, we have demonstrated a compact dual-frequency feed with an elec- 
tronic tracking capability achieved by adding four PIN diodes. Frequency sensitivity of the beam 
peak level change and beam squint should be reduced by more stringent diode selection, better 
diode lead contact to the feed, and better contact of the cavity shorting plates. In addition, using 
more than one diode in parallel in each cavity may result in broadbanding the diode reverse-bias 
switch reflection characteristics. 

If more beam squint is desired, a tighter coupling to the cavities is needed. Experimentally, 
we found that tighter coupling can be obtained by partitioning the K-band coaxial waveguide 
opening with conducting posts. For mass production, a beam-lead diode-switching module in the 
form of a printed-circuit board could be mounted at the open ends of the quarter-wave cavities. 
This could be evolved from the present design. Finally, this tracking technique is, of course, not 
limited to dual-frequency feeds or reflector antennas; it could also be used, perhaps even more 
readily, for a single-frequency feed or lens antennas. 
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