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Designing Next-Generation AESA Radar

Part 2: Individual Antenna Design
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Figure 8: Antenna design “Specsheet” user interface showing the electrical requirements input (a),
physical constraints input (b) and database of candidate antenna types for use in EM optimization

In the previous example, the 15
x 5 array presented the radiation
patterns for an ideal isotropic
antenna (gain = 0 dBi) and a
simple patch antenna. In addi-
tion to the array configuration
itself, the design team will likely
want to specify the radiation
pattern and size constraints for
the individual antenna elements.
This operation can be performed
using the synthesis capabilities
in AntSyn, the antenna synthe-
sis software from NI.

AntSyn uses an electromagnetic
solver driven by proprietary evo-
lutionary algorithms to explore
multiple design options based on
antenna specifications defined

by the engineer. These specifi-
cations include typical antenna
metrics, physical size constraints
and optional candidate antenna
types (the user may select from
a database of antenna types or
let the software automatically
select likely antenna types to
optimize), s. figure 8.

AntSyn creates antenna geo-
metries from its database of
design types and then applies
EM simulation and its unique
evolutionary optimization to
modify those design to achieve
the required electrical perfor-
mance and size constraints. A
run time update of the design
types under investigation is

listed along with a “star” rating
system to indicate which de-
signs are close to achieving the
desired performance. Users are
able to review the results and
design styles as the simulation
progresses. Promising designs
can then be exported into an EM
tool from NI or supported third-
party EM simulators, figure 9.

The design flow between AntSyn
and NI AWR Design Environ-
ment is shown in figure 10,
where AntSyn takes antenna
requirements and generates
an antenna for use in the NI
EM tools which will create the
antenna pattern for the VSS pha-
sed array model.
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Figure 10: Operations and products used to create a new antenna design for EM analysis and incorporation into

the VSS phased array model

Due to its relatively small size
and easy fabrication, a square
ring patch antenna was chosen
from the potential antennas cre-
ated by AntSyn. The antenna
was exported using the AXIEM
options and then imported into
a new EM structure (AXIEM)
in the initial phased array pro-
ject. The re-simulated antenna is
shown in figure 11. This simu-
lation provided the antenna pat-
tern used to replace the original
patch antenna used in the 15
x 5 phased array (figure 12a)
with the new antenna pattern
shown in 12b. The new phased
array results for both the origi-
nal antenna (red trace) and the
square ring patch (green trace)
are shown in figures 12 ¢ and d.

Modeling Complex
Interactions

The mutual coupling between
antenna elements affects antenna
parameters like terminal impe-
dances, reflection coefficients
and hence the antenna array per-
formance in terms of radiation
characteristics, output signal-to-
interference noise ratio (SINR),
and radar cross section (RCS).
The most recent release (version
13) of VSS includes new capa-
bilities for more accurate simu-
lation of these parameters inclu-
ding enhanced modeling of ele-
ment patterns, including mutual
coupling. The next section will
look at these recent advances in
advanced phase array modeling,
including accurate representation
of the feed structure.

As mentioned, designers can
define gains or full radiation pat-
terns for each antenna element
in the phased array. This allows
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them to use different radiation
patterns for internal, edge and
corner elements of the phased
array, s. figure 13. The radiation
pattern of each antenna element
will likely be affected by its posi-
tion in the phase array.

These patterns may be mea-
sured in the lab or calculated in
the integrated electromagnetic
(EM) simulator such as AXIEM
or Analyst. A simple approach
to characterizing the appropri-
ate radiation pattern for a given
element is to use a 3X3 phased
array and excite one element,
either the internal element, one
of the edge elements, or one of
the corner elements, while ter-
minating all others.

This will provide the internal,
edge, and corner element radi-
ation patterns, which can then
be automatically stored in data
files using the NI AWR software
output data file measurements

(the same technique used in the
example above). This approach
would include the effect of
mutual coupling from first-order
neighbors. An array with a lar-
ger number of elements may
be used to extend mutual cou-
pling to first- and second-order
neighbors.

It is also important to capture
the mutual coupling between
neighboring elements. The
VSS phased array model does
this through a coupling table
defined in configuration file.
Different coupling levels can be
defined based on distance from
each other.

In figure 14, the coupling, which
is specified in magnitude (dB)
and phase (degrees), is defined
for two different distances (adja-
cent side elements: radius cl
and adjacent corner elements:
radius c2).

Modeling Impairments
and Yield Analysis

RF hardware impairments of
the array will affect the resul-
ting side lobe levels and beam
patterns, and ultimately reduce
system-level performance. For
transmitter arrays, side lobe
levels from imperfectly formed
beams may interfere with exter-
nal devices or make the transmit-
ter visible to countermeasures.
In radar systems, side lobes may
also cause a form of self-indu-
ced multipath, where multiple
copies of the same radar signal
arrive from different side lobe
directions, which can exaggerate
ground clutter and require expen-
sive signal processing to remove.
Therefore, it is critical to identify
the source of such impairments,
observe their impact on the array
performance, and take steps to
reduce or eliminate them.
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Figure 11: AntSyn generated square ring antenna imported into AXIEM and simulated to generate
antenna patterns used by VSS phased array model
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Figure 12: a) original antenna pattern of single patch antenna used in original phased array analysis,
b) antenna pattern for square ring antenna generated by AntSyn, c) and d) comparison of radiation
patterns from phased arrays based on simple patch antenna and square ring patch

The VSS phased array confi-
guration file, allows engineers
to simulate array imperfections
due to manufacturing flaws or
element failure. All gain/phase

Systematic errors that may be
compensated include inter-chain
variations caused by asymmetri-
cal routing (layout), frequency

dependencies, noise, tempera-
ture, and varied mismatching
due to changing antenna impe-
dance with steer angle which also

impacts amplifier compression.
Therefore, it is imperative to be
able to simulate the interactions
between the antenna array and
the individual RF links in the
feed network.

RF Link Modeling

NI AWR software products
include the simulation and mode-
ling technology to capture these
impairments accurately and
incorporate these results into
the VSS phased array assem-
bly model. This is an important
functionality since RF links are
not ideal and can cause the array
behavior to deviate significantly.
The phased array assembly can
operate in either the RX or TX
modes, supporting the configu-
ration of the array element geo-
metry, each element’s antenna
characteristics, the RF link
characteristics, and the com-
mon linear characteristics of the
combiner/splitter used to join
the elements together. The con-
figuration is performed prima-
rily through a text data file, with
commonly swept settings either
specified directly via block para-
meters (such as steering angles),
or specified in the data file but
capable of being overridden via
block parameters (such as indi-
vidual element gain and phase
adjustments).

The configuration of the phased
array assembly may be divided
into several sections:

* Array geometry - defines the
number of elements, their

calculations are performed inter-
nally and yield analysis can be
applied to the block in order to
evaluate sensitivity to variances
of any of the defining phased
array parameters. As an exam-
ple, VSS was used to perform an
element failure analysis on a 64
element (16 x 4) array, produ-
cing the plots in figure 15 which
illustrate the side lobe response
degradation.
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RF impairments can also be
caused by any number of items
relating to the feed network
design and related components.
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Figure 13: The VSS phased array model supports assigning different antenna patterns to individual
elements, allowing designers to more accurately represent corner, edge and center elements
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Figure 14: 64 element array showing the mutual coupling table
used in the configuration file to specify the amount of coupling
between elements, allowing more accurate simulation of
terminal impedances, reflection coefficients, etc.
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sisting of rows of input power
or voltage levels and corre-
sponding output fundamen-
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also supported
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Figure 15: Side lobe degradation to element failures 2% and 5%

» Power splitter characteristics
— splits the incoming signal
into n-connected output ports

e Mutual coupling character-
istics (previously discussed)

One common challenge is
that not all RF links should be
equal. For example, gain tapers
are commonly used in phased
arrays; however, when identical
RF links are used for all antenna

elements, elements with higher
gains may operate well into com-
pression while others operate in
a purely linear region, causing
undesired array performance.

To avoid this problem, design-
ers often use different RF link
designs for different elements.
While this is a more compli-
cated task, it will result in more
efficient phased arrays and VSS

phased-array modeling allows
them to achieve this.

To assist the design team creat-
ing the feed network and pro-
vide the RF link to the systems
team, VSS includes capability
to automatically generate the
characteristics of the phased
array element link defined by
these data tables. The designer
starts by creating a schematic-
based link design per the system
requirements. A “measurement”
extracts the design characteris-
tics, which can include circuit-
level design details (i.e. non-
linearities) through Microwave
Office co-simulation, and saves
a properly formatted data file for
use with the phased array assem-
bly model, s. figure 16.

In-situ Nonlinear
Simulations

An accurate simulation must also
account for the interactions that
occur between the antenna ele-
ments and the driving feed net-
work. The problem for simula-
tion software is that the antenna
and the driving feed network
influence each other. The anten-
na’s pattern is changed by set-
ting the input power and relative
phasing at its various ports. At
the same time, the input imped-
ances at the ports change with
the antenna pattern. Since input
impedance affects the perform-
ance of the nonlinear driving
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Figure 16: Measurement in VSS extracts characterization of RF link designs and allows assignment for individual elements in the
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Figure 17: Characterizing changing antenna feed impedance as a
function of beam steering using the variable phase and attenuator
settings defined in the feed network design
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circuit, the changing antenna
pattern affects the overall sys-
tem performance.

In this case, the input imped-
ance of each element in the
array must be characterized for
all beam steering positions. The
array is only simulated once in
the EM simulator. The resulting
S-parameters are then used by
the circuit simulator, which also
includes the feed network and
amplifiers. As the phase shift-
ers are tuned over their values,
the antenna’s beam is steered.
At the same time, each amplifier
sees the changing impedance at
the antenna input it is attached
to, which affects the amplifier’s
performance.

In this final example, the PAs are
nonlinear, designed to operate
at their 1 db compression point
(P1dB) for maximum efficiency.
They are, therefore, sensitive to
the changing load impedances

hf-praxis 9/2017

presented by the array. The beam
of'a 16 element array is steered
by controlling the relative phas-
ing and attenuation to the vari-
ous transmit modules, figure 17.
In practice, the harmonic bal-

ance simulation used to char-
acterize the power amplifiers
with Microwave Office takes
substantial time to run with 16
power amplifiers. Therefore, the
beam is steered with the amplifi-
ers turned off. The designer then
turns on the individual power
amplifier for specific points of
interest once the load imped-
ance from the directed antenna
has been obtained.

At this point the designer can
directly investigate the power
amplifiers non-linear behavior as
a function of the load (antenna)
impedance. With the load-pull
capability in Microwave Office,
the PA designers can investigate
output power, compression and
any other number of non-lin-
ear metrics defining the ampli-

fier behavior, figure 18. With a
detailed characterization of the
RF links for each individual ele-
ment, the overall system simu-
lation is able to indicate trouble
areas, figure 19 that would have
previously gone undetected until
expensive prototypes were made
and tested in the lab.

Conclusion

The capability to design and
verify the performance of the
individual components along
with the entire signal channel
that defines the AESA radar is
a necessity as element counts
increase and antenna /electronics
integration advances. Through
circuit simulation, system-level
behavioral modeling, and elec-
tromagnetic analysis operat-
ing within a single design plat-
form, development teams can
investigate system performance
and component-to-component
interaction prior to costly pro-

totyping.
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Figure 19: Phased array simulations with RF
link effects including the impact of impedance
mismatch between power amplifier and
steered antenna array




