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Improving FPGA Design Robustness with Partial TMR 
 
Brian Pratt†, D. Eric Johnson†, Michael J. Wirthlin†, Michael Caffrey‡, Keith Morgan†‡, and Paul Graham‡ 
†Brigham Young University, Provo, UT 
‡Los Alamos National Labs, Los Alamos, NM 
 
There is increasing interest in the use of FPGAs in space and high-radiation environments. However, 
SRAM-based FPGAs are susceptible to radiation effects, including Single Event Upsets. To increase the 
fault tolerance of FPGA designs, fault mitigation techniques, such as Triple Modular Redundancy (TMR), 
can be applied. It has been shown that proper use of TMR within an FPGA design can completely 
mitigate against single-event effects within the configuration bitstream. 
 
Such techniques, however, can be excessive in terms of hardware costs. Previous studies have shown that 
employing full TMR into a design can increase the FPGA resource utilization by at least 3X (and often 
higher). An FPGA design that uses more than 33% of the FPGA resources cannot take advantage of full-
TMR. To improve the reliability of the design, other less expensive design mitigation techniques must be 
employed. 
 
This work investigates the tradeoffs between fault mitigation techniques for FPGA designs and the 
corresponding costs of such mitigation. A particular focus is placed upon identifying design components 
that serve to benefit most from the application of fault tolerance techniques, and investigating the 
tradeoffs associated with applying mitigation to these most sensitive design sections. Specifically, this 
work will investigate the cost-benefit of partial application of TMR. Partial TMR involves the application 
of triple modular redundancy on a sub-set of circuit structures. While such a technique will not 
completely mitigate against the effects of single-event upsets within the configuration bitstream, it will 
allow increased design reliability at a more reasonable cost. 
 
As an example, a sample FPGA design implementing a DSP algorithm has been measured for 
configuration bits that are sensitive to SEU upsets. In addition to sensitivity, the “persistent” cross-
sectioni each design has been measured. Partial TMR was applied to this design at a cost of 33% more 
hardware resources. After applying partial TMR, the design had a significantly lower “persistent” cross 
section. However, the sensitive cross section increased slightly. The results of this test are shown in Table 
1. 
 
Table 1 Sensitivity and Persistence of DSP with and without Partial TMR 

 # of Slices Used # of Critical Bits # of Persistent
Unmitigated 
Design 

5,775 / 12,288 
(47%) 

514,841 / 5,810,024 
(8.86%) 

9,503 / 5,810,024  
(0.16 %) 

Partial TMR 
Mitigation 

8,563 / 12,288 
(70%) 

525,947 / 5,810,024 
(9.05%) 

2,179 / 5,810,024 
(0.0375%) 

 
                                                 
i “Persistent Errors in SRAM-based FPGAs”, D. Eric Johnson, Keith S. Morgan, Michael J .Wirthlin, Michael Caffrey, and Paul 
Graham, 7th Annual International Conference on Military and Aerospace Programmable Logic Devices (MAPLD), September 
2004. 


