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HIGH PERFORMANCE SDR DESIGN CONSIDERATIONS

High Performance SDRs

A common use-case for the highest performance 
Software Defined Radios (SDRs) is airborne situational 
awareness. As the spectrum gets increasingly crowded, 
and adversaries more capable, the task of examining wide 
bands, making sense of it all while not missing anything 
gets harder. As with any engineering challenge, making 
the right trade-offs is crucial, and this short note looks at 
some of the relevant ones.

Figure 1 shows a highly simplified block diagram. The 
center of many SDRs is some kind of System-on-Chip 
(SoC) such as components from Xilinx or Analog Devices. 
Some aspects to consider include:

1. In crowded spectral environments, filtering out strong 
interfering signals adjacent to the one of interest 
is important, particularly as the latter is usually 
weak. The inevitable loss penalty of inserting a filter 
early in the block diagram is usually worth paying 
when strong unwanted signals left unattenuated will 
stimulate spur generation in active non-linear devices 
that follow. Filters are usually sub-octave, such that 
the upper frequency corner is less than twice the 
lower frequency corner so that harmonics of the 
lowest frequency passed receive some attenuation. 
Requirements for the highest performance systems 

can be quite exacting, as shown in Figure 2. 

2. Further efforts to keep the RF chain as clean as 
possible can be achieved architecting the first IF 
(Intermediate Frequency) to be above the maximum 
input frequency of the receiver. This results in 
improved image rejection but adds the complication 
of higher frequency design and components. 

3. The instantaneous bandwidth (IBW) that a radio is 
designed for has a direct bearing upon the dynamic 
range it is capable of achieving, the narrower the 
better. However, a narrow IBW window means it 
needs to be tuned many more times to cover the 
whole frequency range compared to a larger window. 
It also makes tuning speed, including settling time 
of the components and control system especially 
important. 

4. Channel count can be used as a factor to 
compensate for narrower IBWs - the more chunks 
of spectrum being examined, the easier it is cover 
the required range. Having multiple channels able to 
tune independently is helpful for search operations. 
However, being able to lock them together phase-
coherently opens up the possibility of direction 

Figure 1: An example high performance SDR block diagram.
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finding (DF) and it’s cousin geo-location where 
several aircraft or other vehicles accurately 
triangulate on a target of interest. Accurate time-
coding compared to GPS is another important 
feature to allow the different vehicles to synchronize 
readings. 

5. A major advantage of conversion to the digital 
domain is the opportunity to process captured 
segments of spectrum many different ways and 
focus on many signals of interest. Digital Down 
Converters (DDCs) allow this to happen, and an SDR 
might have 72 DDCs, or even as many as 512 in units 
with the biggest FPGAs. The downside of all of this is 
the sheer amount of data that must be transferred, 
particularly when systems use multiple channels as 
mentioned above. Modern high performance SDRs 
use very high speed serial buses such as 10, 40 or 
even 100 Gigabit Ethernet (GbE) to pass data, but 
inevitable bottlenecks in the overall pipeline mean 
that careful management of DDC settings may be 
needed. 

6. While it is obvious that exceptional RF design and 
digital design is needed for such systems, successful 
integration and deployment relies on many less 
obvious factors. These include absolute stability 
of firmware, software, DSP code; compliance with 
standards such as VITA 49 for data formatting; 
accuracy and completeness of documentation - 
these all contribute to overall system readiness on 
time and on-budget.

We’ve skated over many complex topics in this brief 
paper. The high performance radio division from G3 
Technologies that is now part of the Epiq family has 
a long history of making the right trade-offs to get the 
most performance for such platforms. To learn more 
about how different factors affect performance, or how 
to benefit in your next system design, contact us or visit 
our website. 

Figure 2: Example sub-octave pre-selection filter 
requirement.
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