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Abstract As device size shrinks, SRAM-based FPGAs are increasingly prone to be affected by single-event upsets (SEUs). Triple
module redundancy (TMR) hardening technique is the most effective and applicable method nowadays, but it is really expensive in
terms of area and power costs. Selective TMR can greatly reduce the area overhead with a small loss of SEU immunity, hence in this
work, we propose a new strategy for selective TMR based on don’t care configuration bits distribution. Don’t care configuration bits are
calculated by means of windowing for each LUTSs in the circuit, with the statistics of don’t care configuration bits, LUTs are classified
into two sets: SEU-sensitive or SEU-insensitive. SEU-insensitive LUTs remain unchanged whereas SEU-sensitive LUTs have to be
tripled and voted. The triplication operates on Look-up table (LUT) level, and each triplicated LUTs are voted by a voter built by the
abundant tristate buffer (BUFT) resources in Virtex FPGAs, hence no area overhead will be brought in by voter insertion. Experiments
on MCNC’91 benchmarks show that our method can reduce about 30% area overhead comparing with full TMR method, and the
average failure rate reduced 4.5 times than original circuits. Our method made a good balance between area saving and reliability
assurance, and can result in a very high SEU immunity along with the FPGA scrubbing technique.
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Fig.1 Examples of don’t care bits in LUT
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Fig.2 Distribution of don’t care configuration bits in LUTs
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Table 2 Experimental results on hardware overhead

HH % ORI DC_STMR TMR tt TMR 454 %
alu4 1522 2830 4566 38.0
apex2 1878 3904 5634 30.7

des 1591 3531 4773 26.0
miex3 1397 2665 4191 36.4

pdc 4575 252 13725 28.8

seq 1750 3502 5250 333

spla 3690 8320 11070 24.8

ex5p 1064 2426 3192 24.0
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Table 3 Experimental results on reliability

[ FIT
L b/ 5
ORI DC_STMR ORI DC_STMR

alud 268 50 65.26 22.64 2.88
apex2 337 32 101.26 19.99 5.07

des 709 98 180.48 55.37 3.26
miex3 491 99 109.75 4221 2.60
pdc 252 42 184.46 65.67 2.81
seq 431 62 120.68 34.74 3.47
spla 463 61 273.36 81.20 3.37
ex5p 396 39 67.42 15.14 4.45
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