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Abstract- In this paper, a monopulse Fabry-Perot resonator
(FPR) antenna is presented, which consists of four sub-array as
cells, each one is a Fabry-Perot resonator antenna. An assembly
Fabry-Perot resonator cell consists of partially reflective surface
(PRS) as cover, a metal-dielectric surface as ground plate and an
aperture coupled rectangular patch as primary radiator. Taking
advantage of highly directional radiation properties and low
complexity with single-feed system of Fabry-Perot resonator
antenna, the feeding network of proposed monopulse antenna
can be simplified easily, compared with traditional microstrip
monopulse antenna. The simulation results show that the
maximal gain at operating frequency is 23.7 dBi, and the null-
depth of the difference pattern are less than -30 dB in both E-and
H-Plane.

1. INTRODUCTION

The monopulse antennas [1-6] are attractive for high-
resolution tracking applications and developed in the variety
of technologies, which is a key technique for radar angle
estimation. In traditional monopulse radar systems, Cassegrain
parabolic antennas [7] or lens antennas [8] are commonly
applied. The monopulse comparator in such systems
composed of metallic waveguide is usually very complicated
and heavy. A lightweight and low cost microstrip array
structure has been developed for the monopulse antennas. But
the complicated feeding network based on microstrip structure
will arise the decrease of antenna radiation efficiency.

On the other hand, a high directive emission based on
Fabry-Perot resonator antenna generally consists of a primary
radiator backed with a metal ground plate and a partially
reflective covered plate [9], has also proposed for several
years. When the spacing between these two plates is about
integer times of half wavelength, the energy from the feed is
multi-reflected between the cover and ground plate and then
the forward radiation can be enhanced remarkably by means
of in-phase bouncing. Their highly directional radiation
properties and low complexity with single-feed system
allowing the gain to be increased have aroused more and more
attention [10-15]. In view point of effective media, Fabry-
Perot resonator antenna can be looked as a kind of lens [11, 16,
17]. In some applications, Fabry-Perot resonator antenna can
be acted as a sub-array to make up further highly directive
antenna array. However, there is less research on this field.

In this paper, by utilizing the advantage of Fabry-Perot
resonator antenna, the monopulse antenna with compact
structure and with high efficiency is proposed.

1. DESIGN AND ANALYSIS OF COMPARATOR
NETWORK

A.  Principle

As shown in Fig.1, the comparator network consists of
four 3 dB directional coupler and four 90° phase shifter.
Excited at different input ports, 1-4, the required amplitude
and phase excitations can be generated at output ports which
connect to four radiators. Thus a two dimentional monopulse
performance can be obtained. As known, the bandwidth of
two branch line 3dB directional coupler is narrow. The
proposed microstrip-based with 3 branch lines 3dB directional
coupler is shown in Fig.2. The parameter of directional
coupler is list in table 1. All circuits of comparator are
integrated in a single Rogers 5880 substrate with the relative
permittivity of 2.2 and the thickness of 0.635mm. Figure 3
shows the simulated results of S parameter of proposed

directional coupler.
3 4

3dB
Coupler

[ 90° Phase
shifter

3dB
Coupler

90° Phase
shifter
3dB
Coupler
2 1
Figure 1. Block diagram of comparator network of monopulse
antenna
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Figure 2. Branch line 3dB directional coupler

port 2: '

port 3



Table.1
Parameter of directional coupler (unit: mm)
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Figure 3. S Parameter of Branch line directional coupler
(a) amplitude , and (b) phase

In order to obtain two-dimensional performances of the
monopulse antenna, the monopulse comparator or sum-—
difference feed network is proposed. The configuration of
whole comparator is shown in Fig.4, which comprised of four
3 dB hybrid couplers and several 90 ° delay lines. The
performance of this comparator was analyzed by HFSS.
Excited at different input ports 1-4, the required amplitude and
phase excitations can be generated at output ports 5-8. The
simulated results of the whole comparator are shown in Fig 5.
If the input comes from port 2, the sum beam is then obtained.
Meanwhile, if the excitation comes from port 1, the difference
radiation pattern will be generated.

Figure 4. Configuration of whole microstrip comparator
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Figure 5. S Parameter of proposed comparator (a) amplitude of
port 2 (b) phase difference
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1. DESIGN AND ANALYSIS OF RADIATOR ELEMENT



The configuration of primary radiator element, aperture
coupled microstrip patch antenna, is shown in Fig.6. The
radiating microstrip patch element is etched on the top of the
antenna substrate, and the microstrip feed line is etched on the
bottom of the feed substrate. The fields of microstrip fed line
excites the H-shaped aperture etched on the ground plane and
then is coupled to the radiating patch. The thicknesses of these
two substrates with same dielectric constant are tl and t2,
respectively. The geometry parameters of aperture coupled
microstrip patch antenna are listed in table.1. Based on this, a
Fabry-Perot resonator antenna fed by aperture coupled
microstrip antenna is proposed as shown in figure 7. The
squire ring shape FSS is printed on the bottom surface of
superstrate, which has the distance he from the ground plane.
The simulation result of S parameter and gain vs frequency of
aperture coupled microstrip antenna is shown in figure 8.
Figure 9 shows the radiation pattern of E- and H-plane of the
proposed Fabry-Perot resonator antenna. The maximum of
gain is about 19.5dBi.

TABLE 2
Value of proposed antenna parameters
Parameter | Dimension (mm) | Parameter | Dimension(mm)
Sx 13 Px 8.5
Sy 11 Py 6
sly 3 sll 5
slw 1 wl 1.97
fl 25 tl 0.635
t2 1.575
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Figure 6. Geometry of primary radiator
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Figure 7. Configuration of Fabry-Perot resonator antenna
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Figure 8. Performance of radiator element aperture coupled patch
antenna
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Figure 9. Radiation pattern of Fabry-Perot resonator antenna

IV. DESIGN AND ANALYSIS OF MONOPULSE
ANTENNA

The monopulse comparator network shown above is
integrated with an array of four Fabry-Perot resonator antenna
fed by aperture coupled patch, as shown in Figure 10, which
makes up of Monopulse Fabry-Perot resonator antenna.

Figure 11 and Figure 12 show the E- and H-plane sum and
difference beam of monopulse antenna at frequency 14GHz,
respectively. It is demonstrated that the gain of sum beam is
achieved to 23.7dBi, whereas the gain of the difference beam
is less than 2.82 dB. And the null depth of difference beam are
less than -30dB in both plane. The difference pattern also
shows a good symmetry.
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Figure 10. Configuration of proposed Monopulse
Fabry-Perot resonator antenna
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Figure 11. Simulation results of Sum Radiation Pattern @14GHz
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V. CONCLUSION

In this paper, a high gain monopulse antenna consisting of
Fabry-Perot resonator antenna acted as sub-array is firstly
proposed. Taking advantage of high direction characteristic
and single-feed system with low complexity of Fabry-Perot
resonator antenna, the feeding network of proposed
monopulse antenna can be simplified easily. The simulation
results show that the maximal gain at operating frequency is
23.7 dBi, and the null-depth of the difference pattern are less
than -30 dB in both E-and H-Plane. This monopulse antenna
possesses compact quasi planar architecture, which are
particularly suited for airborne applications.
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