Engineers Overcome Automotive SDARS
Design Challenges With NI AWR Software

Richardson Electronics
designers were tasked
with developing a
robust LNA lineup for
a satellite digital audio
radio service (SDARS)
antenna that has higher
immunity to external
interfering signals.
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The need to add new antenna
elements to a vehicle rooftop
antenna module to keep up with
customer demand for in-vehicle
information/entertainment is
increasing. Crosstalk (coupling)
between those antenna elements
within the module is one of the
most critical and challenging
issues that antenna engineers are
faced with and struggle to over-
come. This crosstalk between the
antenna elements results in lea-
kage of unwanted signals, which
are picked up by an antenna. A
specific example is the influence
of the cellular antenna element,
which causes interference, over-
loading, and added noise in the
low-noise amplifiers (LNAs) of
the rest of the antenna elements.

Challenges

Richardson Electronics desig-
ners were tasked with developing
arobust LNA lineup for a satel-
lite digital audio radio service
(SDARS) antenna that has higher
immunity to external interfering
signals. The LNA lineup was for

the SDARS antenna designed for
multiband antennas for rooftop
automotive applications to fit in
a very small volume to satisfy
automotive market requirements.

The LNA consisted of two active
LNA stages and two bandpass
filters (BPFs). The most critical
design challenge was to meet

the sub 1.0-dB noise figure (NF)
for the complete LNA chain
at an acceptable input return
loss, especially since the lineup
required placement of a band-
pass filter in front of the first
LNA stage.

The second design challenge was
to meet the out-of-band rejection
requirements, namely the filter
frequency response when inter-
faced with non-50-ohm LNAs
impedances. The third design
challenge was to obtain a 50-ohm
match between the stages to opti-
mize the overall gain response
and minimize the gain ripple.

Solution

The designers used NI AWR soft-
ware, specifically Microwave
Office circuit design software,
inclusive of the network synthe-
sis wizard and iFilter integrated
filter synthesis wizard, to simu-
late the complete LNA circuit.

Figures 1 and 2 show the ove-
rall NF and frequency response,
respectively. Figure 3 provides
the results of the measured NF.
Figure 4 illustrates the simulated
and measured gain overlaid on
the same graph. As can be seen
from the graphs, the measured
results and the simulation results
are very comparable.

Noise Figure

\ m1:
\ 2320 MHz
0.6445 dB

-+~ DB(NF(2,1))
SDARS LNA

m2- m3: /
2333 MHz oo
0.5619 dB = /’

2300 2310 2320

2330
Frequency (MHz)

2340 2350 2360

Figure 1: Noise figure simulation result
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Figure 2: Frequency response simulation result

Conclusion

The designers chose the NTAWR
Design Environment platform
because they were very familiar
with the software and its reliable
results. The intuitive user inter-
face along with the availability
and power of the network syn-
thesis and iFilter wizards were
additional reasons that motiva-
ted them to use the software. The
team noted that the user inter-
face was very intuitive and user
friendly and the stability analysis
and optimization features were
very powerful and efficient in

yielding the desired results. All
these features enabled a fast tur-
naround time between simulation
and bench testing.

The flexibility of importing the
S-parameter files and interfa-
cing between the network syn-
thesis and iFilter wizards and
the schematic window made
it possible to efficiently design
the LNA in a short amount of
time and yet obtain very good
results. The network synthesis
wizard was extensively useful
for generating the matching
components to address the out-

Figure 3: Results of measured NF

of-band impedance matching
requirements, since the bandpass
filters required 50-ohm termina-
tions to operate properly. This
enabled the team to meet the
out-of-band frequency response
requirements.

The designers cited the main
benefits of using NI AWR soft-
ware as including the ease of
building the schematic and the
high speeds and efficiency of
the simulation runs, as well as
the high accuracy of the results.
The iFilter and network synthe-
sis wizards were also key bene-
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Figure 4: Simulated and measured gain
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fits because they automatically
generated the components net-
work topology and the compon-
ents values from the definition of
the frequency band and perfor-
mance target parameters, which
saved a great deal of time and
iterations. The extensive examp-
les list provided within the soft-
ware and application notes were
also beneficial in expediting the
simulation process.

The key advantage gained by the
design team was the reduction in
time taken to achieve the desired
simulation results thanks to the
ease of building the schematic
and using the network synthe-
sis wizard. Without NI AWR
software the design would have
taken at least twice as long.

2019 National Instruments
Corporation

] "q

Special thanks to Elias Ghafari, FAE
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