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Abstract

ÁMany electronic warfare systems utilise a multi-channel architecture, for tasks 

such as direction-finding in passive radar systems, or providing multipath 

redundancy in jamming-resistant communications. 

ÁThis paper discusses the challenges of implementing multi-channel, phase-

aligned, RF systems, including: 

ÁGuaranteeing system synchronisation and trigger reliability

Á Achieving phase coherence and alignment

Á Performing in-line processing with real-time systems

Á Saving multi-channel RF data for analysis and playback

ÁOptimising lab space and reducing power consumption



Challenge 1:

Guaranteeing System 

Synchronization and 

Reliable Triggering



What does ñNot Synchronizedò Look Like?

VSG VSA (CH 0)

VSA (CH 1)
Center Frequency = f1

Center Frequency = f1+ offset

Center Frequency = f1+ offset

VSG generates a 

pulsed waveform

Without a HW trigger, record 

acquisitions will begin at different times.
Over a short time interval, phase difference between óappearsô constant. 

However, over long time-intervals the phase of each channel will drift. 



Perfect Synchronization

VSG VSA (CH 0)

VSA (CH 1)
Center Frequency = f1

Center Frequency = f1+ offset

Center Frequency = f1+ offset

VSG generates a 

pulsed waveform

Each acquisition begins at 

precisely the same time

Shared local oscillators and sample clocks result in precise phase synchronization



Challenge 2:

Achieving Phase 

Coherence and Alignment



Levels of Frequency and Phase Coherence and Alignment 
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Levels of Frequency and Phase Coherence and  Alignment 

This is Even Harder over Wide Bandwidths!



Cartesian Synchronization Representation
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Traditional Synchronization Method

Affected by independent PLL drift and 

uncorrelated phase noise
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Achieve Synchronization Through Modularity

Use of a common local oscillator for synchronization 

improves measurement quality

T-Clk Aligned sampling clock for 

multiple channels

Filter in FPGA used to remove group delay and 

amplitude differences across entire instantaneous BW



Minimize Trigger Delay and Guarantee Synchronization

Simplify Reference Clock and Trigger Distribution

Share Common Local Oscillator for Phase Alignment

8X8 MIMO System



Shared Reference vs. Shared LO

Phase difference between 

each channel on a 

sample-by-sample basis.



Channel-to-Channel Phase Accuracy

STDEV = 

0.045°

STDEV = 

0.37°

Delta Phase



2-Step System Calibration

Multi-Channel Acquisition

CW Generator 

or 

VST Gen

Step 2: Calibrate RF OutStep 1: Calibrate RF In

Splitter
Use calibration loopback path to compute each 

channelôs response and write to FPGA


