Application Notes

SIMULATION SOFTWARE OPTIMIZES MISSILE ANTENNAS

NTENNA ARRAYS ARE making
themselves useful in applica-
tions ranging from biomedical
to radar. Such diverse applications place
the arrays in environments that are far
from their planar performance ideal.

while meeting airborne weaponry stan-
dards. The specifications of operation
for this demonstration include a center
frequency of 2.4 GHz, a main beam gain
greater than 10 dBi, and side-lobe levels
that are less than 20 dB below the peak

To effectively predict and
optimize the behavior of
non-planar antenna ar-
rays, powerful 3D simula-

tors could be used in the
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gain figures.
A planar conformal
antenna is required to

meet the surface re-

quirements of the mis-

initial design stages. Remcom has re-
leased an application note investigating
this option titled “Conformal Antenna
Array Design on a Missile Platform.”
The example in the application note
is a 12-x-1 antenna array mounted on
the side body of a theoretical missile. The
design must overcome the challenging
constraints of having a radiative body
as an antenna-array mounting surface

sile body. A parametric investigation is
performed to optimize the patch antenna
array for performance. The array is then
bent to the missile’s body shape for aero-
dynamics. Such bending shifts the oper-
ating frequency close to 2.45 GHz. After
a slight patch diameter variation, how-
ever, the operating frequency again con-
forms to the specification. Scripts from
Remcom’s library are used to choose the

array amplitude and phase to meet the
sidelobe and main gain figures.

The antenna array is then integrated
into a 3D model of the missile body.
Simulations are run using a variety of
computer hardware permutations to
demonstrate the time enhancements of
using multicore graphical processing
units (GPUs) for simulation. Using a
single Intel Core i7, the simulation re-
quired 3 hrs. and 13 min. of simulation
time. In contrast, using a single Nvidia
Tesla C2070 GPU brought the simula-
tion time down to 29 min. and 40 sec.
Six Nvidia GPUs lowered the simulation
time to 7 min. and 20 sec. This example
demonstrates the simulation-time per-
formance that can be acquired from
GPU processing using 3D electromag-
netic simulation software that can lever-
age the CUDA environment.

GNS SIGNALS ARE USED FOR FREQUENCY STANDARDS

THE PROLIFERATION OF global navigation satellite systems

noise figure, the OCXO degrades over time in accuracy. If

(GNSSs) could enable the implementation of a higher-quality
frequency standard than the costly cesium atomic clock. This
new system uses the base technology of the Global Position-
ing Satellite (GPS) systems to attain highly precise physical
positions. In doing so, it provides frequency standards with
accuracy better than 6E~'2 over 24 hrs. Delving into the de-
tails of such a system, PTF provides an application note titled

both a 1-PPS system and OCXO are combined effectively with
a control loop, a highly accurate and stable frequency refer-
ence can be designed.

To align the 1-PPS signal with the oscillator’s signal, one ap-
proach is to use the OCXO’s base frequency and divide it down
to a single cycle per second. But this method introduces in-
accuracy based upon the phase noise of the oscillator. Even

“High Performance GNSS Disciplined Frequen-
cy Reference Standards.”

To detect the precise position of a GNSS re-
ceiver, a connection is needed for a minimum of

four satellites. This information also can be used
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with clever half-clock cycle techniques, a 5-ns
error from a 100-MHz clock is not accurate for
measuring 10-ns saw-tooth granularity errors.
PTF claims to resolve this issue by using an inter-
polator charging capacitor technique, which re-

to derive accurate timing data, which can be used to control an
oscillator’s stability. There are two primary methods for generat-
ing the timing data: using the 1 pulse per second (1-PPS) signal
or carrier-phase-disciplined-oscillator (CPDO) method. A hybrid
of both methods would produce the highest accuracy. But the
cost and complexity of a CPDO make it less viable than cleverly
solving the accuracy issues associated with the 1-PPS method.
The 1-PPS method is highly stable over time. Depending
on the resolution of the oscillator signal, however, it may shift
each cycle relative to the oscillator’s phase. Although an oven-
controlled crystal oscillator (OCXO) has a very stable phase-

portedly enhances resolution on the quantization error by 1000
times. This would produce a phase measurement resolution of
0.1 ns, effectively synchronizing the two signals.

Using this technique and a simple controller, the company
touts the potential for an RF signal with stability greater than
2E~"" phase noise beyond —125 dBc at 10-Hz offset from the car-
rier, and accuracy of greater than 1E-'2 over 24 hrs. The quality
of the RF-controlled signal could be degraded by other factors,
such as poor power supplies, low-grade buffer amplifiers, poor
analog/digital layout, and insufficient grounding. Thus, those fac-
tors also should be considered in the design.
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