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ABSTRACT: A high-performance millimeter-wave feed, designed for a
broad-band radiometry application is presented. The feed provides three
separate output ports in the 87-97 GHz, 125-135 GHz, and 161-183
GH: bands. Measured return loss is better than 20 dB in the upper two
bands and 15 dB in the lowest band, and good pattern symmetry is
obtained throughout all three frequency bands. © 2012 Wiley Periodicals,
Inc. Microwave Opt Technol Lett 54:2483-2487, 2012; View this article
online at wileyonlinelibrary.com. DOI 10.1002/mop.27118

Key words: feed horn; millimeter wave; multifrequency; radiometer

1. INTRODUCTION

In this article, we describe the electrical and mechanical design
as well as the measured performance of a three-frequency milli-
meter-wave feed horn. The principal objective for development of
the feed is to assess the ability of higher-frequency radiometers to
meet the needs of the surface water and ocean topography
(SWOT) mission recommended by the U.S. National Research
Council’s Earth Science Decadal Survey, which was accelerated
in 2010 and is planned for launch in 2020 [1, 2]. The primary
objectives of SWOT are to characterize ocean submesoscale proc-
esses on 10-km and larger scales in the global oceans, and to
measure the global water storage in inland surface water bodies,
including rivers, lakes, reservoirs, and wetlands.

Current satellite ocean altimeters include nadir-viewing, colo-
cated 18-37 GHz multichannel microwave radiometers to mea-
sure wet-tropospheric path delay. Because of the area of the sur-
face instantaneous fields of view at these frequencies, the
accuracy of wet path retrievals begins to degrade at ~40 km
from the coasts. In addition, they do not provide wet path delay
estimates over land. A viable approach to meet these needs is
the addition of millimeter-wave window channels at 90-170
GHz, with inherently finer spatial resolution for a given antenna
size. The addition of these millimeter-wave channels to current
Jason-class radiometers is expected to improve retrievals of wet-
tropospheric delay in coastal areas and to enhance the potential
for over-land retrievals.

For this purpose, wide-band millimeter-wave radiometers
have been developed with center frequencies of 90, 130, and
166 GHz to demonstrate new component technology, including
PIN-diode switches and noise diodes for internal calibration
integrated into the radiometer front-end [3]. A three-frequency
broadband millimeter-wave feed is needed to minimize mass
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and provide a common focal point for all 3 mm-wave bands. In
the following sections, we describe the electrical design of the
feed, its mechanical aspects, and provide both computed and
measured results for return loss and radiation patterns in all
three frequency bands.

2. DESCRIPTION

The frequency bands of interest for the SWOT high frequency
feed are 87-97 GHz, 125-135 GHz, and 161-183 GHZ. Each
band exits the feed in a separate waveguide port, WR10 for the
90 GHz channel, WRS for the 130 GHz channel, and WRS5 for
the 170 GHz channel. For this application we require a prime
focus feed with an edge taper of ~20 dB at an illumination
angle of =40°. A single polarization is provided in each band.
Preliminary requirements called for a return loss of better than
15 dB across all three bands.

These illumination requirements and relative frequency spac-
ing are similar to that of those required for the scanning multi-
channel microwave radiometer on Seasat, the (TOPEX)/Posei-
don, and the Jason missions, [4]. However in this particular
application, the required fractional bandwidth is larger. Thus,
the three-frequency feed horn described here shares many fea-
tures in common with the feed previously developed for the
above missions.

A cross sectional view of the HFSS [5] model of the feed is
depicted in Figure 1. As shown in the model, to achieve similar
E and H plane beam widths over the combined 87-183 GHz
band ring loaded slots are used in the corrugated portion of the
feed, [6, 7]. Mechanical fabrication of these ring loaded slots for
operation up to 183 GHz was particularly challenging, and is
discussed further below. The feed operates in a flare-angle lim-
ited condition, which gives approximately constant beam width
across the entire band and provides a common phase center
located near its apex. The half flare angle for the feed is ~30°.
Analysis and optimization of the overall feed design used a
combination of finite element (HESS), and mode-matching
(WASPNET) [8], tools.

As shown in Figure 1, the WRS port is located at the rear of
the feed while the copolarized WRS port enters from the top on
the figure. A corrugated low pass filter which provides >30 dB
of isolation prevents the 161-183 GHz signals from interacting
with the 125-135 GHz port. The location of the filter is chosen
to provide an effective short at the waveguide wall in the high
frequency band minimizing reflections in that band. After the
two high frequency bands are diplexed the waveguide is stepped
up to a size large enough to accept the 92 GHz band. This band

87.97 GHz Port /
(1 of 2 to be Combined)

X-Polarized ‘// 125-135 GHz Port

Y-Polarized

Corrugated
/nw-Pass Filter

161-183 GHz Port
Y-Polarized

Ring-Loaded
Corrugated Horn

87-97 GHz Port

(2 of 2 to be Combined) DMT
Combining
X-Polarized .
Junction

Figure 1 Cross sectional view of the feed. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]
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Figure 2 Assembled prototype feed. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com]

is injected in the orthogonal polarization using a pair of narrow
slots in the common region. Because multiple propagating
modes are possible in the higher frequency bands in this region
of the feed, a balanced pair of slots is used. A separate combiner
is used to merge these two waveguides and provides a single
WR10 port for the radiometer.

Split-block construction is used for the bulk of the feed. The
corrugated portion of the feed is built up using a series of rings,
which are dropped into the assembled split blocks and encapsu-
lated with an end cap at the aperture of the feed. The two split
blocks, end cap, and rings were machined form brass and gold
plated. The separate combiner block was fabricated using
electroforming.

Operation at frequencies up to 183 GHz demands very high
tolerance fabrication techniques. In this instance tolerances of
*£0.0005 inches were specified in the 92 GHz regions of the
feed, of *0.0003 inches in the 130 GHz regions, and of
*0.00025 inches in the highest frequency areas. Assembly of
the device required fabrication of multiple copies of various
components, inspection with a microscope, and rejection of sub-
par units.

Figure 2 shows the completed feed, with the low frequency
combiner absent, along with a quarter for scale. The overall size
of the feed, including the combiner block is ~1.00 by 1.25 by
1.50 inches.

3. MEASURED RESULTS

Figures 3-5 summarizes the measured return loss for the feed in
each of the three operating bands. As mentioned previously the
specification for return loss is better than 15 dB across the oper-
ating bandwidth. Figure 3 shows that the feed achieves nearly
20 dB return loss over the 87-97 GHz band. In addition the
measured and computed return loss is in excellent agreement.
This is indicative of the excellent tolerances held during the
manufacturing process.

Figure 4 shows results in the WR8 band where better than
20 dB return loss is achieved from 125 to 136 GHz, with a
slight exception around 126 GHz. Once again excellent agree-
ment is between the predicted and measured results is evident.

Return loss in the highest band is shown in Figure 5. A
return loss of 20 dB is achieved from approximately 163-187
GHz, rising to 15 dB near 161 and 189 GHz. Excellent agree-
ment between the measured and predicted performance is seen
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Figure 6 WRIO0 port measured E plane patterns. [Color figure can be

which is available at wileyonlinelibrary.com]

Figure 3 Return loss in the 92 GHz band. [Color figure can be

viewed in the online issue,

WR10 Port: H-Plane Patterns

Computed vs. Measured Return Loss at WR8 Port
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Figure 4 Return loss in the 130 GHz band. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]

viewed in the online issue, which is available at wileyonlinelibrary.com]

WR8 Port: E-Plane Patterns

Computed vs. Measured Return Loss at WR5 Port
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Figure 8 WRS port measured E plane patterns. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 5 Return loss in the 166 GHz band. [Color figure can be

viewed in the online issue

which is available at wileyonlinelibrary.com]
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WR8 Port: H-Plane Patterns
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Figure 9 WRS port measured H plane patterns. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]

again, even in this band where fabrication errors less than 0.001
inches are quite significant.

Figures 6-11 depict measured E and H plane patterns across
all three bands. Pattern measurements were taken on a custom
compact range at JPL. As expected, the best fit phase center
location was found to be very near the apex of the feed’s
extended cone, and this common rotation point was used for all
pattern measurements in all bands. In addition to the pattern
measurements a transmission measurement from the three-fre-
quency feed to a reference feed were made across each band.
The purpose of this measurement was to search for narrow band
resonances or drop-outs over the entire bandwidth of each port.
No such resonances or drop-outs were observed in any band.

Figures 6 and 7 show measured E and H plane patterns for
WR10 port excitation between 87 and 97 GHz. Excellent pattern
stability in both planes across the band is evident. The edge
taper goal of —20 dB at 40 degrees is met very closely in both
planes.

Figures 8 and 9 show similar results for the WRS8 port and
125-135 GHz band. Here the measured edge taper at 40 degrees

161 GHz
————— 166 GHz
------- 171 GHz
.......... 176 GHZ
-===- 181 GHz

Relative Magnitude (dB)

o (degrees)

Figure 10 WRS5 port measured E plane patterns. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]
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WRS5 Port: H-Plane Patterns
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Figure 11 WRS5 port measured H plane patterns. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com]

ranges from 22 to 25 dB. Excellent pattern symmetry extends
across the band.

Patterns in the highest frequency band, 161-186 GHz, are
given in Figures 10 and 11. In this band, we observe a slightly
different pattern shape than in the lower bands. The flat-top pat-
tern is typical of a flare-angle limited horn operating at the
upper edge of its band. This flattened pattern has no significant
impact on the overall performance of the reflector-feed system.
As we will see below this behavior is predicted by the models.
As before the required edge taper is met fairly closely across
this 25 GHz band and the measured pattern remains stable as
well.

The final three figures show computed and measured E and
H plane patterns near the center of each of the frequency bands.
The agreement depicted here is typical across all of the fre-
quency bands. The agreement between measured and predicted
results is good for all three sample frequencies. Figure 12 shows
excellent agreement between predictions and measurements at
92 GHz. Some difference between the measured and computed
E plane pattern near the peak is visible in the 130 GHz pattern

Computed vs. Measured E and H-planes Patterns at 92 GHz
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Figure 12 92 GHz measured and computed patterns. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

DOI 10.1002/mop



Computed vs. Measured E and H-planes Patterns at 130 GHz
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Figure 13 130 GHz measured and computed patterns. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com]

of Figure 13 with general agreement elsewhere, particularly at
the edge taper angle of 40°. Figure 14 demonstrates that the
measured dip in the center of the pattern in the highest fre-
quency band is in agreement with predictions as well. As
expected, the agreement generally degrades slightly with fre-
quency due to tolerance effects compounded by multimode
operation of some portions of the feed structure in the WRS
band.

4. CONCLUSION

Results for a three-frequency feed for millimeter-wave radiome-
try have been presented. Excellent pattern symmetry and return
loss have been demonstrated over 10 GHz bands covering 87—
97 GHz and 125-135 GHz, as well as a 25 GHz band covering
161-186 GHz. The mechanical aspects of the feed as well as
the fabrication techniques used have also been described. The
next steps for this project include integration with the three
radiometers and demonstration of the complete remote sensing
system.

Computed vs. Measured E and H-planes Patterns at 171 GHz
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Figure 14 171 GHz measured and computed patterns. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com]
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ABSTRACT: A fully-integrated single-chip radio frequency
identification (RFID) reader consisting of zero-IF receiver, direct up-
conversion transmitter, sigma-delta phase-locked loop synthesizer, and
modulation/demodulation (MODEM) module has been developed using
0.18 um CMOS process. The RFID reader operates from 860-960 MHz
in steps of 100/200 kHz, supporting a multiband global standard
suitable for USA, Europe, and Korea for both passive and active
communication. It is specifically designed to achieve small size, low
spur levels, low power consumption, and complete integration while
meeting requirements for short-range applications. The developed
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