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Abstract—The impedance and radiation patterns of a dipole-
fed integrated horn antenna in a ground plane are experimen-
tally investigated at microwave and millimeter-wave frequencies.
The agreement with the full-wave analysis technique presented
in Part I is good. The results indicate that for a 70° flare-angle
horn, horn apertures from 1.0 A-square to 1.5 A-square with
dipole positions between 0.36 and 0.55 \ yield good radiation
patterns with a gain between 10-13 dB, a cross-polarization
level lower than —20 dB, and resonant dipole impedances
between 40 © and 120 Q. It is also found that the impedance
measurements can be safely used for two-dimensional horn
arrays, but the radiation patterns differ because of the Floquet
modes associated with the array environment. The integrated
horn antenna is a high-efficiency antenna suitable for applica-
tions in millimeter-wave imaging systems, remote-sensing, and
radio astronomy.

I. INTRODUCTION

THIS is the second of two papers on the analysis and
measurements of a dipole-fed integrated-horn antenna in
a ground plane (Fig. 1). The first paper [1] presented a
full-wave analysis technique for the calculation of the input
impedance of the feeding dipole and the radiation patterns of
the horn antennas. The convergence properties of the method
were investigated, along with the resonant properties of the
strip-dipole and the corresponding behavior of the far-field
patterns. In this paper, the design of an integrated-horn
antenna with a flare-angle of 70° is presented and microwave
and millimeter-wave impedance and pattern measurements
are compared with theory. The paper concludes with a
comparison between an integrated-horn antenna in a ground
plane and in a two-dimensional array.

II. INTEGRATED-HORN ANTENNA DESIGN

The integrated-horn antenna is fabricated using silicon-
nitride membrane technology and anisotropic etching of sili-
con. The antenna is composed of a minimum of two stacked
wafers. The thickness of the front wafer determines the
position of the dipole antenna inside the horn cavity. The
opening on the front wafer determines the aperture size of the
horn. The back wafer acts as a reflecting cavity and com-
pletes the horn structure. The dipole antenna, detector, and
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A monolithic integrated horn antenna in a ground plane.

Fig. 1.

transmission lines are integrated on the back side of the front
wafer. The dipole antenna is integrated on a 1 pm thin
dielectric membrane and is effectively suspended in the horn
cavity. The flare angle is fixed by the orientation of the
crystal planes at 70.6°. Details of the fabrication procedure
are presented in [2], [3].

The design of the horn antenna involves the selection of
the horn aperture size and the dipole position in the cavity. A
horn aperture smaller than 0.8 X results in a wide radiation
pattern with a directivity around 8 dB. This pattern does not
have any advantage over elementary antennas such as a
dipole backed by a ground plane. On the other hand, a horn
aperture greater than 1.7 A suffers from aperture phase errors
due to the large flare angle of the horn [4]. Also, the horn
radiation pattern and the dipole input impedance are strongly
dependent on the dipole position inside the horn cavity. For
example, a dipole position close to the apex lies near the
cutoff region of the horn and has a low input impedance
while the high-order modes triggered by a dipole close to the
aperture distort the aperture field and yield a poor radiation
pattern. From our theoretical analysis of Part I, we find that
for a 70° flare angle, horn apertures from 1.0 A-square to 1.5
A-square with dipole positions between 0.36 and 0.55 A result
in good radiation patterns and practical values of dipole
impedances.

III. IMPEDANCE MEASUREMENTS

A microwave model at 1-2 GHz was constructed for
impedance measurements. The dipole antenna was fed using
a coaxial cable and a coplanar-strip transmission line shorted
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Fig. 2. Microwave impedance measurement setup at 1-2 GHz. The shorted
coplanar-strips act as a balun and models the low-pass filter and the bias line
in the 92 GHz antenna.

N\/4 away from the feed (Fig. 2). This design has two
purposes. It models the low-frequency connection on the
membrane effectively, and provides an effective balun for the
coax-dipole transition. The dipole was also fed along the axis
of the horn with a coaxial cable and an appropriate balun.
Both measurements resulted in identical results.

The measured resonant resistance and resonant length of
the feed dipole versus dipole position are compared with
theory in Fig. 3. The resonant resistance is a strong function
of the dipole position and varies from 25 to 175 Q for dipole
positions between 0.34 and 0.6 A. The input impedances
versus frequency for various feed positions are presented in
Figs. 4 and 5. It is seen that the dipole impedance increases
and becomes more wideband as the dipole is moved away
from the apex. Also, as predicted by the full-wave analysis,
the strip dipole cannot achieve resonance for feeding posi-
tions between 0.6 and 0.8 \. There is a second region of
resonance near the aperture of the horn, but the correspond-
ing radiation patterns are poor. The impedance results there-
fore indicate that dipole positions between 0.36 and 0.55 A
should be used for Schottky diodes and SIS mixers.

IV. PATTERN MEASUREMENTS

An integrated horn antenna with an aperture of 1.35
A-square and a dipole position of 0.38 A from the apex was
fabricated for microwave and millimeter-wave pattern mea-
surements. The corresponding membrane is 0.54 A-square.
The dipole is placed at the center of the membrane, and a
resistive bolometer detector is integrated at its apex. The
0.54 N membrane allows the integration of a simple
coplanar-strip \/4 low-pass filter which results in a very
large parallel impedance and the dipole apex [2]. The
bolometer detector presents there a much lower impedance
and absorbs all the received power.

A microwave model at 3 GHz with a ground-plane dimen-
sion of 2.5 \-square was used for pattern measurements. For
the 92 GHz measurements, the horn design resulted in a front
and back wafer thicknesses of 1.9 and 1.25 mm, respec-
tively. The front and back wafers were constructed from a
stack of silicon wafers with nominal thicknesses of 760 and
380 um (Fig. 6). The variation in wafer thickness and
alignment repeatability introduced several 60 um steps in the
horn cavity. The horn sidewalls were gold coated except for
a small portion near the dipole antenna. This reduces the

1583
Membrane size (C,/\)
03 04 05 08 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
200 T T T T 0.65
175 [ I o0.60
. E ]
=] 180 — B o
s E J o8 &
o r b >
§ sl ]
K E - os0 o
2 E N @
g 100 ___- B K
o C L 046 .
g "F ] g
- C -
= E J o4 g
9 50 [ ] 2
P E gt ] &
E * Radiation resistance(th.) J o35
2 - «+++« Radiation resistance(exp.) \ ]
e Resonant length;th ]
o by NUUTY Reseriant lepgthlexp) ) (o

0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9

Antenna position from apex (Ln/A)

1.0

Fig. 3. Measured and predicted dipole resonant resistance and resonant
length versus dipole position from the apex. Notice the region of no
resonance in the center of the horn.
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Fig. 4. The input impedances versus frequency for various feed positions
in the horn cavity. The dipole input impedance increases and becomes more
wideband as the dipole is moved away from the apex. The dashed line is the
measured impedance of a dipole in a 3 X 3 array.

efficiency of the horn antenna by approximately 0.3 dB and
lowers the cross polarization by a 2-3 dB but has a negligible
effect on the co-polarized pattern [2], [5]. The measured
H-plane patterns (Figs. 7, 8) agree well with theory at 3 and
92 GHz. The discrepancy in the E-plane pattern for large
angles are due to the finite size of the ground plane at 3 GHz,
and to the steps in the sidewalls at 92 GHz. The cross-
polarization component was not measurable in the E- and
H-plane scans. The 45°-plane pattern also agrees well with
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Fig. 5. Comparison between the measured and predicted dipole input
impedance versus frequency for a feed position of 0.41 A (a) and 0.5 \ (b).

theory (Fig. 8), but the cross-polarization component could
not be measured due to signal-to-noise ratio limitations.

V. CoMPARISON WITH Two-DIMENSIONAL HORN
ARRAYS

The measured input impedance for feed positions between
0.36 and 0.55 X did not change if the ground plane was
removed or if the horn was placed in the middle of a 3 x 3
array. Also, for the dipole positions mentioned above, the
measured (and predicted) impedance is insensitive to the horn
aperture size. This is because at feed positions far from the

[ 7 * o

aperture, the impedance is determined mainly by the geome-
try of the horn cavity and not by the transition to free space.
The predicted impedances and resonant lengths for a horn in
an infinite ground plane can therefore be safely used for the
design of two-dimensional horn arrays. Indeed, the experi-
mentally determined resonant length and radiation resistance
used by Guo ef al. [5] for the design of an efficient 1 A\
imaging array agree well with our calculations and measure-
ments for a 1.35 N\ horn in a ground plane with the same
dipole position and dipole length (Fig. 4).

The patterns for a 1.35 A-square horn in a ground plane
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Fig. 6. The complete millimeter-wave antenna structure. Gold is not
evaporated on the sidewalls of the 380 um membrane wafer. The steps in the

sidewalls between the wafers are around 60 pm and are due to variation in
wafer thicknesses.
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Fig. 7. Measured and predicted E- and H-plane patterns at 3 GHz. The
discrepancies in the E-plane pattern at large angles is due to the finite size of
the ground plane.

and in a two-dimensional array are shown in Fig. 9. Re-
ciprocity and mode-matching technique at the horn aperture
has been successfully used to predict the pattern of a horn
element in a two-dimensional array [2]. The TE,, tapering of
the electric field across the aperture yields a vanishing tan-
gential electric field at the edges of the horn and therefore
decouples the horn from the array environment. This results
in an H-plane patterns that is similar to that of a horn in an
infinite ground plane. In the case of the E-plane pattern, the
horn sees the array and the spikes and nulls in the pattern are
due to the discrete nature of the Floquet modes [6]. It is clear
from the patterns that a horn in a two-dimensional array will
always yield a higher gain and spillover efficiency than a
horn in an infinite ground plane. This is due to the null in the
E-plane pattern at 90° and is a result of the vanishing electric
field at grazing angles in a two-dimensional array.

VII. CoNCLUSION

A full theoretical and experimental characterization has
been done on a 70° flare-angle integrated-horn antenna in a
ground plane. The results indicate that horn apertures from
1.0 to 1.5 A-square with dipole positions between 0.36 and
0.55 N yield good radiation patterns and resonant dipole
impedances between 40 and 120 Q. Also, there exists a
region inside the horn cavity with no possibility of dipole
resonance. The impedance results can be safely extended to
two-dimensional horn arrays, but the radiation patterns differ
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GHz. The discrepancy in the E-plane pattern at large angles is due to the
steps in the sidewails. (Notice the different vertical scales on the 45° pattern
graph.)
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Fig. 9. The E- and H-plane patterns of a 1.35 A horn antenna in a ground
plane and in a two-dimensional array.
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because of the Floquet modes associated with the array
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