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MICROWAVE ANTENNAS FOR EXTREMELY LOW INTERFERENCE
COMMUNICATIONS SYSTEMS

FIELD OF TECHNOLOGY

[0001] The embodiments disclosed herein relate generally to a microwave communications
system. More specifically, the embodiments describe a microwave antenna for a microwave
communications system and a method for optimizing performance of a microwave antenna.

BACKGROUND

[0002] Microwave antennas are widely used in communications systems. To characterize the
performance of a microwave antenna, the European Telecommunications Standards Institute (ETSI)
has defined a few classes based on radiation patterns of the antenna, including parameters of, for
example, front-to-back ratio (F/B), side lobe level (SLL), envelope, etc. The currently known and
available antennas in the market include ETSI class 2 and class 3 categories. Antennas of class 4
category require require greater suppression for F/B and SLL and require extremely low

interference compared to the class 2 and 3 categories.

SUMMARY

[0003] The embodiments described herein relate to a microwave communications system. In
particular, the embodiments describe microwave antennas for a microwave communications system
with optimized configurations and methods for optimizing the performance of the microwave
antennas.

[0004] In some embodiments, the microwave antennas include a primary reflector having effective
foci displaced from a central axis thereof, and a matching component disposed at a center bottom
portion of the primary reflector to fill a hole thereof.

[0005] Traditional methods have found cumbersome when optimizing the performance of
microwave antennas in the ETSI class 4 category. The embodiments described herein can be
provide low interference antennas compliant with ETSI class 4 standards or better.

[0006] The embodiments described herein provide optimized microwave antennas and methods
for optimizing the overall performance of a microwave antenna. The embodiments described herein
can be used in any application to establish, for example, point-to-point communications, point-to-
broadcast communications, etc. The embodiments described herein can also be adapted to serve low
interference purposes of satellite communications, radar systems, etc.

[0007] In one embodiment, a microwave antenna for a microwave communications system is
provided. The microwave antenna includes an antenna feed configured to transmit/receive

microwave signals, and a primary reflector having a concave surface facing the antenna feed and
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configured to reflect the microwave signals from/to the antenna feed. The antenna feed is positioned
at a central axis of the concave surface. The primary reflector has an open edge that defines an
aperture through which the microwave signals transmitted into or out of the microwave antenna.
The location of the antenna feed with respect to the primary reflector is determined according to an
aperture field distribution of the microwave signals across the aperture. The concave surface is a
substantially parabolic-shaped surface having effective foci offset from the central axis of the
concave surface.

[0008] In one embodiment, a microwave antenna for a microwave communications system
includes an antenna feed configured to transmit/receive microwave signals, and a primary reflector
having a concave surface facing the antenna feed and configured to reflect the microwave signals
from/to the antenna feed. The antenna feed is positioned at a central axis of the concave surface.
The primary reflector having an open edge that defines an antenna aperture at an open end thereof
and a hole defined at a bottom center portion thereof opposite to the open end. The concave surface
is a substantially parabolic surface having effective foci displaced from the central axis. A
waveguide extends between a first end and a second end thereof along the central axis where the
first end is connected to the antenna feed, and the second end extends through the hole of the
primary reflector. The waveguide is configured to transmit/receive microwave signals to/from the
antenna feed. A matching component fills the hole of the primary reflector and facing the antenna
feed, and the waveguide extends through the matching component.

[0009] In another embodiment, a method for optimizing performance of a microwave antenna,
includes: estimating one or more structural parameters of the microwave antenna; calculating, using
the estimated structural parameters as an input, an aperture field distribution of microwave signals
transmitted by the microwave antenna across an aperture of the microwave antenna, the aperture
field distribution including an amplitude distribution and a phase distribution, the calculation is
implemented by a computer; and adjusting the structural parameters of the microwave antenna
according to the calculated aperture field distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Referring now to the drawings in which like reference numbers represent corresponding
parts throughout.

[0011] Figure 1 illustrates a perspective view of a microwave communications system, according
to one embodiment.

[0012] Figure 2 illustrates a cross sectional view of a microwave antenna, according to one
embodiment.

[0013] Figure 3 illustrates a cross sectional view of a microwave antenna, according to one
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embodiment.

[0014] Figure 3a, 3b and 3c illustrate the matching component of Fig. 3, according to three
embodiments.

[0015] Figure 4 illustrates an antenna aperture in a Cartesian coordinate system, according to one
embodiment.

[0016] Figure 5 shows a flow diagram of a method of optimizing performance of a microwave
antenna, according to one embodiment.

[0017] Figure 6 illustrates a spacial 2D field amplitude distribution across an antenna aperture,
according to one embodiment.

[0018] Figure 7 illustrates an aperture primary plane Ey amplitude comparison between cases 1
and 2, according to one embodiment.

[0019] Figure 8 illustrates an aperture primary plane Ey phase comparison between cases 1 and 2,
according to one embodiment.

[0020] Figure 9 shows the final co-polar radiation patterns of the cases 1 and 2, according to one
embodiment.

[0021] Figure 10 illustrates an aperture primary plane Ey amplitude comparison between cases 2
and 3, according to one embodiment.

[0022] Figure 11 illustrates an aperture primary plane Ey phase comparison between the cases 2
and 3, according to one embodiment.

[0023] Figure 12 shows the final co-polar radiation pattern of the cases 2 and 3, according to one
embodiment.

DETAILED DESCRIPTION

[0024] The embodiments described herein relate to microwave antennas for microwave
communications systems. In particular, the embodiments describe microwave antennas having
optimized configurations and methods for optimizing the performance of microwave antennas.
[0025] The embodiments described herein provide optimized microwave antennas and methods
for optimizing the performance of a microwave antenna. In some embodiments, the microwave
antennas include a primary reflector having effective foci displaced from a central axis thereof, and
a matching component disposed at a center bottom portion of the primary reflector.

[0026] The embodiments described herein can be used in any application to establish point-to-
point communications, point-to-broadcast communications. The embodiments described herein can
also be adapted to serve low interference purposes of satellite communications and radar systems,
etc.

[0027] Figures 1 shows a perspective view of a microwave communications system 100 that
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includes multiple antennas A1-A6. The system 100 includes tower stations 11, 12, 13 and one
station 14 on a building. The antennas A1-A3 are positioned on the station 11. The stations 12, 13
and 14 each have one microwave antenna, A4, A5 or A6. As shown in Fig. 1, microwave links 15a-
15c are established between the antennas A1 and A6, A2 and A4, and A3 and A5, respectively. The
stations 11-14 can establish point-to-point communications through the respective microwave
antennas A1-A®6. It is to be understood that the number of microwave antennas is not limited to six.
[0028] The microwave links 15a-15¢ can maintain a low interference therebetween, which largely
depends on the quality of the microwave antennas A1-A6. For instance, the antennas Al and A2
nearly locate back-to-back on the station 11 that is on a tower. In order to achieve low interference,
the antennas A1 and/or A2 have very low backward energy spill-over performance. Similarly, the
antennas A2 and A3 locate adjacent to each other. Taking the antenna A3 for example, in order to
minimize the undesired energy received from the antenna A4, the antenna A3 is configured to have
a very low radiation envelope toward the direction pointing to the antenna A4. In general, the
quality of interference between adjacent antennas can be characterized by the front-to-back (F/B)
ratio, and the side lobe level (SLL) of respective radiation patterns of the antennas. In the
embodiments described herein, the microwave antennas can achieve an F/B ratio of 75 dB or better,
and/or a SLL of about 18 to 75 dB or better. The microwave antennas with such superior quality can
be applied in extremely crowed environments many microwave antennas have to be deployed
adjacent to one another.

[0029] In some embodiments, the communications system 100 can be a 4G Long Term Evolution
(LTE) communication channel, a 3G channel for voice, video, internet duplex links, etc.

[0030] Figure 2 illustrates a cross sectional view of a microwave antenna 200. The antenna 200
includes a primary reflector 21 and an antenna feed 22. The antenna 200 further includes an
absorber 24 and a radome 25. The primary reflector 21 has a parabolic shape surface 211 facing the
antenna feed 22. The parabolic surface 211 has an effective focus (not shown) disposed at a central
axis Z thereof. The antenna feed 22 is connected to one end of a waveguide 27. The waveguide 27
extends along the central axis Z. The distance between the antenna feed 22 and the vertex 213 of the
parabolic surface 211 is 2s. A foci-to-diameter ratio of the antenna 200 is defined as the ratio
between the focal length (e.g., 2s) and the diameter 2d of the parabolic surface 211. The foci-to-
diameter ratio can be used to measure how deep the primary reflector 21 is. In general, the smaller
the foci-to-diameter ratio, the deeper the primary reflector 21.

[0031] The microwave antenna 200 can be a transmitting or receiving device. In the following, its
working principle is explained from a transmitting point of view. During operation, electromagnetic

energy can be fed into the antenna 200 via the waveguide 27 and the antenna feed 22. The energy
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propagates, and is converted into directed waves pointing toward the parabolic surface 211 of the
primary reflector 21 along the dashed line direction 22a. The energy then gets reflected by the
primary reflector 21 to form plane waves that can penetrate through the radome 25 and eventually
transmit into free space.

[0032] Traditional methods of designing a microwave antenna, such as the antenna 200 of Fig. 2,
are to study the radiation pattern of the feed 22 via, for example, optimizing the overall radiation
property by means of experiments. During experiments, tuning factors usually include the height of
the shroud 23, the thickness of the absorber 24, the geometry of the radome 25, etc. These
traditional methods have certain disadvantages, such as, for example, hard to determine the limit of
antenna performance accurately, low working efficiency of carrying out research and development,
etc.

[0033] Figure 3 illustrates a cross sectional view of a microwave antenna 300 for a microwave
communications system, according to one embodiment. The microwave antenna 300 includes an
antenna feed 32 configured to transmit/receive microwave signals, and a primary reflector 31
having a concave surface 311 facing the antenna feed 32 and configured to reflect the microwave
signals from/to the antenna feed 32. The antenna feed 32 is positioned at a central axis Z’ of the
concave surface 311.

[0034] In one embodiment, the concave surface 311 can be a substantially parabolic shape surface
having effective foci 35 displaced or offset with respect to the central axis Z’. As shown in Fig. 3,
the effective foci 35 are positioned to form a generally circular range around the central axis Z’ with
a diameter 3d. It is to be understood that the effective foci 35 can be displaced or offset from the
central axis Z’ and positioned in other shapes that can be determined by the shape of the concave
surface 311. The effects of such foci displacement or offset on the performance of the antenna 300
will be discussed further below.

[0035] In some embodiments, the effective foci 35 can be in a suitable shape other than a round
shape, for example, when a radiation pattern of the antenna requires asymmetric performance at
different planes, e.g., an E-plane and an H-plane, or when certain application requires elliptic
pattern contours, especially in satellite communications.

[0036] In one embodiment, the concave surface 311 can be a surface of revolution that is formed
by rotating a curve (generatrix) around the central axis Z’. The generatrix can be, for example, a
parabola curve have halves separated at the vertex thereof with a displacement of 3d in the direction
perpendicular to the central axis Z. The formed surface of revolution can have effective foci that are
displaced from the central axis Z. It is to be understood that the shape of the concave surface 311

can be modified to deviate from a surface of revolution. In some embodiments, the concave surface
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311 can be modified to be non-circular shape, e.g., a generally elliptic shape that can be applied in
certain satellite communications where the radiation pattern requires non-circular gain counter, e.g.
an elliptic shape.

[0037] The primary reflector 31 includes a hole 312 defined at a bottom center portion 314 thereof.
The hole 312 has a generally circular shape. It is to be understood that the hole 312 can be other
suitable shapes. A waveguide 122 extends between a first end 122a and a second end 122b along the
central axis Z’ of the concave surface 311. The first end 122a is connected to the antenna feed 32
and the second end 122b extends through the bottom center portion 314 of the primary reflector 31.
The waveguide 122 is configured to transmit/receive microwave signals to/from the antenna feed 32.
[0038] The microwave antenna 300 further includes a matching component 37 filling the hole 312
at the bottom center portion 314 of the primary reflector 31. The matching component 37 has a
diameter of 3W. Figure 3a illustrates the matching component 37, according to one embodiment. As
a preferred embodiment, the matching component 37 as shown in Figure 3b has a groove; the
matching component 37 as shown in Figure 3c is provided with a bump. The matching component
37 has a cross-sectional profile 124 that is concaved toward the antenna aperture 313a of Fig. 3. The
cross-sectional profile 124 can include linear or nonlinear, smooth or stepped lines. As shown in Fig.
3, a discontinuity or a step 125 is formed between the matching component 37 and the primary
reflector 31. It is to be understood that the matching component 37 and the primary reflector 31 can
be connected to form a smooth inner surface facing the feed 32.

[0039] As shown in Fig. 3, the matching component 37 has an effective height as marked by the
distance 3h to the effective foci 35. The distance 3h is measured from a top surface of the matching
component 37 to the effective foci 35 along the axis Z’. The distance between the top surface of
matching component 37 and the antenna feed 32 along the axis Z’ is 3s. The effects of the matching
component 37 on the performance of the antenna 300 will be discussed further below.

[0040] Figure 4 illustrate a three dimensional view of a model antenna 41 in a Cartesian
coordinate system x-y-z. The model antenna 41 can be, for example, the antenna 200 of Fig. 2, the
antenna 300 of Fig. 3, or other types of microwave antennas. An upmost surface 42 of the antenna
41 is considered as an antenna aperture that is in the x-y plane. Microwave signals can be
transmitted across the antenna aperture 42 along the z direction and have an aperture filed
distribution thereon. Referring back to Figs. 2 and 3, an upper edge of the shroud 24 or 34 defines
an antenna aperture. The effective foci 35 of the antenna 300 have a displacement or offset in the x-
y plane with respect to the z axis.

[0041] In the embodiments described herein, a method called aperture field synthesis is used to

optimize the overall performance of a microwave antenna. According to the theory of antenna
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design, a far field radiation pattern of a microwave antenna is a spacial Fourier transform of an
aperture field distribution, such as the aperture field distribution across the antenna aperture 42 of
Fig. 4. The aperture field distribution includes an amplitude distribution and a phase distribution. It
is the aperture field distribution across the antenna aperture that determines the final behavior of the
radiation pattern of the microwave antenna.

[0042] The aperture filed distribution can be calculated using structural parameters of the antenna
as input. The structural parameters include, for example, the distance 2s between the antenna feed
22 and the vertex 213 of the reflector 21 of Fig. 2, the diameter 3d of the circular range of the
effective foci 35, the diameter 3w of the matching component 37, the distance 3h between the
matching component 37 and the effective foci 35 along the central axis Z, and the distance 3h
between the matching component 37 and the antenna feed 32 along the central axis are determined
according to the aperture field distribution. It is to be understood that any structural parameter that
may alter the geometry of the antenna can be used.

[0043] Figure 5 shows a flow diagram of a method 500 for optimizing the performance of a
microwave antenna, according to one embodiment. At 510, required structure parameters of the
antenna are determined. The required structural parameters include, for example, the dimension or
diameter of an antenna aperture, the height of a shroud, a foci-to-diameter ratio of a primary
reflector, etc. In some embodiments, based on the radiation efficiency of the antenna and required
gain value, the aperture dimension or diameter of the antenna can be determined using an analytical
method that is known in the art. In some embodiments, based on the required structure outlook
constraints, the height of a shroud, such as the shrouds 23 and 33, and a foci-to-diameter ratio of a
primary reflector, such as the primary reflector 21 and 31, can be defined. The method 500 then
proceeds to 520.

[0044] At 520, adjustable structural parameters of the antenna are estimated. In some
embodiments, initial values for the adjustable structural parameters can be selected randomly or
based on previous known experience. The adjustable structural parameters include, for example, the
diameter of effective foci, such as the effective foci 35, parameters of a matching component such
as the matching component 37, etc. The parameters of a matching component include, for example,
the diameter thereof, the cross-sectional profile, the distance from the matching component to the
effective foci, etc. The method 500 then proceeds to 530.

[0045] At 530, an aperture field distribution across the antenna aperture is calculated. The aperture
field distribution includes an amplitude distribution and a phase distribution. In some embodiments,
a Finite Discrete Time Domain (FDTD) full wave simulation can be used to acquire related aperture

field information, for example, the aperture field distribution, with one or more of the above
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structural parameters of the antenna as the input. It is to be understood that other suitable computer-
based simulation techniques or methods can be used to calculate the aperture field distribution. The
method 500 then proceeds to 540.

[0046] At 540, the adjustable structural parameters are adjusted to according to the calculated
aperture field distribution. In some embodiments, the aperture field distribution can be recalculated
until the resulting aperture field distribution satisfies user’s requirements. In some embodiments, the
diameter of the effective foci circle can be adjusted until improved aperture amplitude and phase
distributions are achieved. In some embodiments, the parameters of the matching component
including its diameter, cross-sectional profile and distance to effective foci to achieve can be
adjusted to further improve the aperture amplitude and phase distributions.

[0047] The method 500 can optimize the performance of a microwave antenna by tuning the
above mentioned structural parameters numerically without experiments. The methods described
herein can overcome a few shortcomings of traditional feed radiation analysis method. While the
classical way of pattern analysis of the feed itself may be helpful, it has limited guidance for a final
radiation behavior of the complete antenna. This is especially true for those deep reflector antennas
of small foci-to-diameter (F/D) ratio. For deep reflectors, the non-linear coupling between the feed
and the reflector becomes dominant. The radiation information of the feed itself tells little of the
final coupling result. Thus, experimental verification is needed for tuning the structural parameters
of the antenna for the final antenna design. The methods described herein can be based on full wave
calculations and have taken consideration the mutual couplings between feeds, reflectors and/or
other subcomponents of a microwave antenna. Thus, the methods described herein can provide
much more powerful and fertile way of optimizing the performance of microwave antennas.

[0048] In order to show the effects of antenna’s configurations on the performance of the model
antenna 41, three types of microwave antennas, cases 1-3, were prepared and the respective
performances were compared. In the comparison, the microwave antennas, i.e., the cases 1-3, each
have an antenna aperture of 0.6 meter diameter. It is to be understood that the microwave antennas
can have other allowable values of antenna aperture.

[0049] The case 1 represents the antenna 200 of Fig. 2 that has a standard parabolic primary
reflector 21. The case 2 is similar to the case 1 except for replacing the primary reflector 21 with the
primary reflector 31 of the antenna 300 of Fig. 3. That is, the primary reflector in the case 2 has
effect foci that are offset or displaced from the central axis Z’ of the antenna and a hole defined at a
bottom center portion. There is no matching component in the case 2. It is to be understood that the
hole in the case 2 may have different dimensions compared to the hole 312 in the primary reflector

31. The case 3 represents the antenna 300 of Fig. 3 that includes the primary reflector 31 and the
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matching component 37. All three cases have a y-axis polarization (Ey), adopting the Cartesian
coordinate system x-y-z shown in Fig. 4.

[0050] Figure 6 demonstrates an example of the spacial 2D field amplitude distribution across the
antenna aperture 42 defined in Fig. 4. In the following Figures 7-12, primary polarizations and co-
polar radiation patterns will be illustrated as representative field components, where primary field
distribution in both amplitude and phase for each cases 1-3 are shown.

[0051] Figures 7 and 8 demonstrate the aperture primary plane Ey amplitude and phase
comparison between the cases 1 and 2. Figure 8 shows final co-polar radiation patterns for the cases
1 and 2. As shown in Fig. 9, the case 1 has difficulty in meeting the ETSI class 4 requirement at the
angular region between about 20 to about 70 degrees. By introducing a horizontal displacement
factor of the parabolic reflector (i.e., the effect foci 35 are offset or displaced with respect to the
central axis in the x-y plane), the case 2 could achieve shaper amplitude drop from x = [0, 100mm]
without faltering much the phase distribution, as shown in Fig. 7 and Fig. 8. This has resulted in
first SLL suppression by 2.5dB over the case 1, as shown in Fig. 9. In addition, the radiation pattern
at problematic region of about 30 to about 60 degrees also gets improved for the case 2.

[0052] Figures 10 and 11 demonstrate the aperture primary plane’s Ey amplitude and phase
comparison between the cases 2 and 3. Figure 12 shows final co-polar radiation patterns for the
cases 2 and 3. It is found that by introducing a matching component, such as the matching
component 37 of Fig. 3, larger overall amplitude taper can be achieved in region x = £[§0mm,
300mm], as shown in Fig. 10. The maximum field occurring at position x = 90mm has yielded
larger taper and shaper drop for the two regions x<90mm and x>90mm. According to Fourier
calculation, this can result in even lower SLL and general pattern envelope. This was confirmed by
Fig. 12 where the pattern for the case 3 was dramatically improved at angular region > 20 degrees,
meeting the outstanding requirement of ETSI class 4 envelopes. In addition, it is also worthwhile
mentioning that the first SLL is further improved by 1dB for the case 3 over the case 2.

[0053] It is evident from the above comparisons shown in Figs. 7-12 that the microwave antenna
300 of Fig. 3 exhibits superior performance over the antenna 200 of Fig. 2. The displacement of foci
and matching components were introduced primarily serving as perturbation of the primary reflector.
It is also noted that the introduction of matching component 37 in Fig. 3 may have more significant
impact over the displacement of parabolic curves. In addition, the aperture field analysis, as
illustrated by the method 500, can offer a reference objective function for the optimization process.
[0054] It is noted that any of aspects 1-12 below can be combined with any of aspects 13-18.
[0055] 1. A microwave antenna for a microwave communications system, comprising:

an antenna feed configured to transmit/receive microwave signals; and
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a primary reflector having a concave surface facing the antenna feed and configured to reflect
the microwave signals from/to the antenna feed, the antenna feed being positioned at a central axis
of the concave surface, the primary reflector having an open edge that defines an aperture through
which the microwave signals transmitted into or out of the microwave antenna,

wherein the location of the antenna feed with respect to the primary reflector is determined
according to an aperture field distribution of the microwave signals across the aperture.
[0056] 2. The microwave antenna of aspect 1, wherein the concave surface is a substantially
parabolic-shaped surface having effective foci offset from the central axis of the concave surface.
[0057] 3. The microwave antenna of aspects 1-2, wherein the effective foci are positioned to
form a generally circular or elliptic range around the central axis, and the primary reflector includes
a hole defined at the bottom center portion thereof.
[0058] 4. The microwave antenna of aspects 1-3, further comprising a matching component
disposed at a bottom center portion of the primary reflector.
[0059] 5. The microwave antenna of aspects 1-3, wherein the diameter of the circular range of
the effective foci, the diameter of the matching component, the distance between the matching
component and the effective foci along the central axis, and the distance between the matching
component and the antenna feed along the central axis are determined according to the aperture
field distribution of the microwave signals across the aperture.
[0060] 6. The microwave antenna of aspect 1, further comprising a waveguide extending
between a first end and a second end along the central axis of the concave surface, the first end
being connected to the antenna feed, the second end extending through a bottom center portion of
the primary reflector, the waveguide being configured to transmit/receive microwave signals
to/from the antenna feed.
[0061] 7. The microwave antenna of aspect 1, further comprising a shroud having a first edge
attached to the open edge of the primary reflector, and an opposite second edge defines the aperture,
an absorber attached to an inside surface of the shroud, and a radome attached to the second edge of
the shroud.
[0062] 8. The microwave antenna of aspect 1, wherein the aperture field distribution includes an
amplitude distribution and a phase distribution.
[0063] 9. The microwave antenna of aspects 1-4, wherein a discontinuity or a step is formed
between the matching component and the primary reflector.
[0064] 10. A microwave antenna for a microwave communications system, comprising:

an antenna feed configured to transmit/receive microwave signals;

a primary reflector having a concave surface facing the antenna feed and configured to reflect
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the microwave signals from/to the antenna feed, the antenna feed being positioned at a central axis
of the concave surface, the primary reflector having an open edge that defines an antenna aperture
at an open end thereof and a hole defined at a bottom center portion thereof opposite to the open
end, and the concave surface is a substantially parabolic surface having effective foci displaced
from the central axis;

a waveguide extending between a first end and a second end thereof along the central axis, the
first end being connected to the antenna feed, the second end extending through the hole of the
primary reflector, the waveguide being configured to transmit/receive microwave signals to/from
the antenna feed; and

a matching component filling the hole of the primary reflector and facing the antenna feed, the
waveguide extending through the matching component.

[0065] 11. The microwave antenna of aspect 10, wherein the effective foci of the primary

reflector are positioned to form a generally circular or elliptic range around the central axis.

[0066] 12. The microwave antenna of aspect 10, wherein the matching component has a cross-

sectional curve that is concaved toward the antenna aperture, and the cross-sectional curve includes

linear or nonlinear, smooth or stepped lines.

[0067] 13. A method for optimizing performance of a microwave antenna, comprising:
estimating one or more structural parameters of the microwave antenna;

calculating, using the estimated structural parameters as an input, an aperture field distribution
of microwave signals transmitted by the microwave antenna across an aperture of the microwave
antenna, the aperture field distribution including an amplitude distribution and a phase distribution,
the calculation is implemented by a computer; and

adjusting the structural parameters of the microwave antenna according to the calculated
aperture field distribution.

[0068] 14. The method of aspect 13, further comprising:

modifying a primary reflector of the microwave antenna to have a substantially parabolic shape
surface such that effective foci of the parabolic shape surface are displaced from a central axis
thereof and are positioned to form a generally circular or elliptic range around the central axis, the
primary reflector having an open edge that defines the aperture at an open end thereof and a
substantially round hole defined at a bottom center portion thereof opposite to the open end.

[0069] 15. The method of aspects 13-14, further comprising:

filling the round hole of the primary reflector with a matching component, the matching

component facing an antenna feed of the microwave antenna and having a cross-sectional curve

including linear or nonlinear, smooth or stepped lines.
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[0070] 16. The method of aspects 13-14, wherein the structural parameters include at least one of
the diameter of the effective foci, the diameter of the matching component, the distance between the
matching component and the effective foci along the central axis, and the distance between the
matching component and the antenna feed along the central axis.

[0071] 17. The method of aspect 13, wherein estimating the structural parameters includes
determining the dimension of the antenna, based on a required radiation efficiency gain value of the
antenna.

[0072] 18. The method of aspect 13, wherein estimating the structural parameters includes
determining the height of a shroud and a foci-to-diameter ratio of an effective primary reflector,
based on required structure outlook constraints on the antenna.

[0073] With regard to the foregoing description, it is to be understood that changes may be made
in detail, especially in matters of the construction materials employed and the shape, size and
arrangement of the parts without departing from the scope of the present invention. It is intended
that the specification and depicted embodiment to be considered exemplary only, with a true scope

and spirit of the invention being indicated by the broad meaning of the claims.
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CLAIMS

What is claimed is:
1. A microwave antenna for a microwave communications system, comprising:

an antenna feed configured to transmit/receive microwave signals; and

a primary reflector having a concave surface facing the antenna feed and configured to reflect
the microwave signals from/to the antenna feed, the antenna feed being positioned at a central axis
of the concave surface, the primary reflector having an open edge that defines an aperture through
which the microwave signals transmitted into or out of the microwave antenna,

wherein the location of the antenna feed with respect to the primary reflector is determined

according to an aperture field distribution of the microwave signals across the aperture.

2. The microwave antenna of claim 1, wherein the concave surface is a substantially parabolic-

shaped surface having effective foci offset from the central axis of the concave surface.

3. The microwave antenna of claim 2, wherein the effective foci are positioned to form a
generally circular or elliptic range around the central axis, and the primary reflector includes a hole

defined at the bottom center portion thereof.

4. The microwave antenna of claim 3, further comprising a matching component disposed at a

bottom center portion of the primary reflector.

5. The microwave antenna of claim 3, wherein the diameter of the circular range of the effective
foci, the diameter of the matching component, the distance between the matching component and
the effective foci along the central axis, and the distance between the matching component and the
antenna feed along the central axis are determined according to the aperture field distribution of the

microwave signals across the aperture.

6. The microwave antenna of claim 1, further comprising a waveguide extending between a first
end and a second end along the central axis of the concave surface, the first end being connected to
the antenna feed, the second end extending through a bottom center portion of the primary reflector,

the waveguide being configured to transmit/receive microwave signals to/from the antenna feed.

7. The microwave antenna of claim 1, further comprising a shroud having a first edge attached to

the open edge of the primary reflector, and an opposite second edge defines the aperture, an
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absorber attached to an inside surface of the shroud, and a radome attached to the second edge of

the shroud.

8. The microwave antenna of claim 1, wherein the aperture field distribution includes an

amplitude distribution and a phase distribution.

9. The microwave antenna of claim 4, wherein a discontinuity or a step is formed between the

matching component and the primary reflector.

10. A microwave antenna for a microwave communications system, comprising:

an antenna feed configured to transmit/receive microwave signals;

a primary reflector having a concave surface facing the antenna feed and configured to reflect
the microwave signals from/to the antenna feed, the antenna feed being positioned at a central axis
of the concave surface, the primary reflector having an open edge that defines an antenna aperture
at an open end thereof and a hole defined at a bottom center portion thereof opposite to the open
end, and the concave surface is a substantially parabolic surface having effective foci displaced
from the central axis;

a waveguide extending between a first end and a second end thereof along the central axis,
the first end being connected to the antenna feed, the second end extending through the hole of the
primary reflector, the waveguide being configured to transmit/receive microwave signals to/from
the antenna feed; and

a matching component filling the hole of the primary reflector and facing the antenna feed,

the waveguide extending through the matching component.

11. The microwave antenna of claim 10, wherein the effective foci of the primary reflector are

positioned to form a generally circular or elliptic range around the central axis.

12. The microwave antenna of claim 10, wherein the matching component has a cross-sectional
curve that is concaved toward the antenna aperture, and the cross-sectional curve includes linear or

nonlinear, smooth or stepped lines.

13. A method for optimizing performance of a microwave antenna, comprising:
estimating one or more structural parameters of the microwave antenna;

calculating, using the estimated structural parameters as an input, an aperture field distribution
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of microwave signals transmitted by the microwave antenna across an aperture of the microwave
antenna, the aperture field distribution including an amplitude distribution and a phase distribution,
the calculation is implemented by a computer; and

adjusting the structural parameters of the microwave antenna according to the calculated

aperture field distribution.

14. The method of claim 13, further comprising:

modifying a primary reflector of the microwave antenna to have a substantially parabolic shape
surface such that effective foci of the parabolic shape surface are displaced from a central axis
thereof and are positioned to form a generally circular or elliptic range around the central axis, the
primary reflector having an open edge that defines the aperture at an open end thereof and a

substantially round hole defined at a bottom center portion thereof opposite to the open end.

15. The method of claim 14, further comprising:
filling the round hole of the primary reflector with a matching component, the matching
component facing an antenna feed of the microwave antenna and having a cross-sectional curve

including linear or nonlinear, smooth or stepped lines.

16. The method of claim 14, wherein the structural parameters include at least one of the diameter
of the effective foci, the diameter of the matching component, the distance between the matching
component and the effective foci along the central axis, and the distance between the matching

component and the antenna feed along the central axis.

17. The method of claim 13, wherein estimating the structural parameters includes determining the

dimension of the antenna, based on a required radiation efficiency gain value of the antenna.
18. The method of claim 13, wherein estimating the structural parameters includes determining the

height of a shroud and a foci-to-diameter ratio of an effective primary reflector, based on required

structure outlook constraints on the antenna.
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