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ABSTRACT 
 
New developments in miniaturized integrated film bulk acoustic resonator (FBAR) filters and low 
noise amplifiers have resulted in the possibility of extremely small integrated antenna, filter, and 
low noise amplifier subsystems for use in airborne telemetry (TM) systems.  This paper gives 
examples of a new development in airborne GPS antennas using an integrated band pass FBAR 
filter and low noise amplifier.  Data is also included on the example antenna in a GPS/TM 
system.   
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INTRODUCTION 
 
Airborne telemetry antenna systems background is that a GPS antenna is usually required along 
with a TM antenna.  The system problem is that the airborne antenna installation with limited 
real estate usually dictates two closely mounted antennas that have limited isolation from one 
antenna to the other antenna.  It has been shown that at least 40 dB isolation is required from the 
TM antenna to the GPS antenna at the TM frequency so that the GPS amplifier will not become 
saturated.  It has also been shown that there also must be 40 dB isolation of the TM antenna to 
the GPS antenna at the GPS frequency because of radiated noise from the TM transmitter at GPS 
frequencies that raise the noise level at GPS and reduce that ability of the GPS receiver to 
receive the low level GPS signals.  Past experience shows that most airborne telemetry systems 
must include these filters to work properly.  These filters are usually installed after the antennas 
and require more real estate and weight. 
 
Previous efforts on integrating components into the antenna has been reported in the past 
(Reference 1.) and usually involves adding space into the monition’s body for the LNA because 
the package did not fit into the antenna thickness. 
 
Microwave Subsystems, Inc. (MSI) is a small business that develops and builds high 
performance antennas primarily for munitions.  The Hardened Subminiature Telemetry Sensor 
System (HSTSS) antenna is produces by MSI under part number HSTSS2250.  A smaller 0.9 
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Figure 1.  LNA/filter/carrier top view 
and bottom view. 

Bottom 
 
 
 
Top 

Figure 2.  Conical GPS integrated 
LNA/filter/antenna. 

inch diameter version of this antenna has been developed by MSI, part number HSTSS2250.9, 
and is the TM antenna part of the total system that is described in this article.  
 
 

DEVELOPMENT DESCRIPTON 
 
The use of GPS receivers in cell phones has prompted the development of low cost, extremely 
small, GPS band pass filters, low noise amplifiers (LNA’s), and integrated band pass filter and 
LNA in one small integrated circuit (IC).  The particular device that was used and will be 
described is the Avago Technologies’ ALM-1712 (Reference 2), an integrated LNA with GPS 
film bulk acoustic resonator (FBAR) filters.  The LNA is a GaAs enhancement-mode pHEMT 
process to achieve a 1.65 dB typical noise figure with 12.8 dB gain at only 8 mA current drain 
from a 2.7 volts supply.  The advantage of the integration is to optimize the noise figure by 
splitting the band pass filter into two parts, one in front of the LNA and the other behind the 
LNA.  The resulting isolation in the cell band in more 
than 95 dB, PCB band is more than 90 dB, and TM 
band of more than 55 dB.  The size of the IC package 
is 0.177 x 0.087 x 0.039 inch (4.5 x 2.2 x 1 mm) and 
is small enough to be easily integrated into the 
conformal wrap-around antenna.  The small size is 
almost too small so that for the integration into the 
antenna, a carrier was designed that allowed the test 
of the IC and the easy installation of the IC mounted 
on the carrier into the antenna.  Figure 1 shows the IC 
mounted on the 0.005 inch thick carrier, view from 
the bottom and top.    
 
The GPS antenna is a conical conformal wrap-
around patch antenna as shown in Figure 2.  
The conical shape outer diameter is 1.595 inch 
on the smaller end and 1.875 inch on the larger 
end.  Two printed circuit boards (PCB’s) make 
up the total antenna 0.07 inch thickness.  The 
GPS antenna is composed of two grounded 
quarter wavelength patches to meet the 1 inch 
maximum antenna height.  The patches are 
equally spaced around the conical structure to 
provide a roll pattern with a small variation in 
gain.  The antenna polarization is linear and in 
the direction of the axis of the munitions.  
Experience has shown that this configuration 
produces small phase center variation with roll. 
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Figure 3.  Test fixture with 
TM and GPS antenna without 
radome. 

TEST RESULTS 
 
The integrated GPS antenna on the mounting fixture along 
with the TM antenna is shown in Figure 3.  For the test, a 
protective radome was installed over the two antennas.  
Because of the dielectric constant of the radome, both 
antennas were required to be tuned with the radome installed.  
Removal of the radome reduces the dielectric loading and the 
resonant frequency of both antennas increases. 
 
Figure 4 is the measured VSWR of the GPS antenna S/N 34 
without the LNA/filter and shows an adequate frequency 
bandwidth for the GPS L1 frequency band.  The GPS antenna 
tuning was done without the LNA/filter and then it was 
installed and the isolation measurements were made. 
 
Figure 5 is the isolation measurements of the GPS antenna 
S/N 34.  The isolation measurements were transmission loss 
measurements from a linearly polarized horn antenna 
approximately 5 feet from the GPS antenna under test.  Bias 
for the LNA is provided through a bias tee on the output of 
the GPS antenna under test.  The isolation is more than 
adequate at TM, being in the area of 70 dB.  There are some peaks in the curve and these are 
speculated to be from the antenna not being epoxied down with a good ground connection. 
 
 

FUTURE DEVELOPMENTS 
 
Currently a GPS L1 and L2 band pass filter with LNA is being developed.  Since an IC is not 
available with all of these functions, separate L1 and L2 band pass filters and a LNA is being 
used.  Again, the thickness of each package is small enough to be incorporated into a wraparound 
conformal antenna.  
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Figure 4.  VSWR of GPS antenna without LNA/Filter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Relative gain of antenna on right and left sides. 
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