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Abstract: This paper makes the single event sensitivity evaluation of SRAM-based FPGA designs by using
the medium-energy protons accelerated by the CYCIAE-100 cyclotron, Beijing Radioactive lon-beam Facility.
The device(DUT) is a typical SRAM based FPGA (Field-Programmable Gate Array). The intrinsic SEU cross
sections are obtained, and the ratio of the upsets to the function errors for a certain application are compared with
those acquired by using the proton irradiation facility of Paul Scherrer Institut(PSI), Switzerland. A two-stage
method for the single event sensitivity evaluation is proposed for FPGA applications, by which the functional
errors in orbit can be estimated. The CYCIAE-100 can provide long-range high-energy protons and will play an
important role in the single event sensitivity evaluation especially for flip-chip packaged devices.
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Table 1 Beam parameters for proton irradiation equipment
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Fig. 1 Thinned FPGA sample for experiment
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Fig. 2 Single event sensitivity evaluation system
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Fig. 3 Block diagram of benchmark circuit
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¢ Test data
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Fig. 5 Intrinsic SEU cross section of XC4VSX5S5 induced by
heavy ion irradiation
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Table 2 Experimental result of SEU data under proton irradiation
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30 3.98x10° 6.81x10’ 11 641 6 1940
60 4.01x10"° | 2.20x10° 13336 5 2667
80 2.07x10" 1.12x10° 14 287 6 2381
100 1.29x10" 6.95x10° 12 076 5 2415
7 4.91x10° 2.15x10 1081 3 360
10 3.83x10" | 2.78x10 8078 3 2692
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40 1.89x10° 6.32x10 4537 E 1512
70 9.58x10° 5.09x10 6522 3 2174
100 1.37x10° 3.62x10/ 712 5 356
150 1.77x10° 5.90x10’ 2917 3 972
200 5.30x10° 6.88x10 3263 3 1087
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Fig. 6 The average ratio of the upset bits to the functional
errors for different energies of protons
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using CYCIAE-100 cyclotron
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