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Conventional Academic Testing: Long 
Chains of Flip -Flops (DFFs)

• The test structure is a long chain of DFFs connected serially; otherwise 
referred to as a shift-register (SR). 

• Pro: Commonly used for measuring sequential logic SEUs in FPGAs.  
• The number of DFFs is generally in the 100’s to 1000’s. 
• Original SEU testing evaluated SRs that were purely sequential logic, i.e., 

only DFFs.  
– Currently, tests are also performed with combinatorial logic (CL) placed 

between the DFF stages.
– Adding CL helps to analyze SET capture by DFFs.

• Due to I/O signal integrity issues, the SRs were also tested at very low 
frequencies. 
– Windowed shift registers can be reliably used to test at high 

frequencies.
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Proposed Academic Testing 
Enhancements: Windowed Shift Registers

• Windowed output provides the option for high frequency testing without 
causing board-level signal integrity issues. 

• All DFF nodes are observable by the tester. 
• The inclusion of combinatorial logic facilitates evaluation of combinatorial 

logic effects, i.e., SET capture. 
• Meets synchronous design requirements if all DFFs are connected to the 

same balanced clock tree.
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Topology is still too simple to be the sole source of 
data extrapolation for a mission specific design.
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Mission Specific Testing 
Considerations

• In order to predict mission reliability, it is best to analyze 
systems that closely resemble those that will be employed in 
the mission.  
– This requires the system-under-test have comparable complexity 

and maintain proper design topology. 

• Challenge: mission-specific applications are complex systems 
that make SEU data collection challenging: 
– This is mostly because visibility into system circuitry and state 

space traversal are minimized per SEE test. 
– Data obtained during radiation testing can be misrepresentative. 
– Consequently the data might not correctly characterize SEU 

response per mission specific operational modes; and could lead 
to poor (and perhaps catastrophic) design implementations 
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Proposed Enhancements to Mission 
Specific Testing

• Study system trends by parameter variation:
– Investigate different test structures that vary in complexity;
– Vary operational frequency and input patterns; 
– Force a variety of state-space traversal schemes per test;
– Perform as many tests as possible;

• Increase visibility of internal circuits and their 
contributions to susceptibility.  

• These actions help to identify dominant sources of error;
and better extrapolate data to mission-specific systems.

Mission specific testing can provide data that better 
characterizes your target.  However, visibility into DUT failure 

mechanisms is essential.
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Mission Specific Testing: Increasing Visibility 
with Embedded Microprocessor Testing (1)
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