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Design and implementation of radiation resistant wave control unit
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(No.58 Research Institute, China Electronics Technology Group Corporation, Wuxi Jiangsu 214072, China)

Abstract: The reliability of the device is very important in the complex space electromagnetic
environment where the circuit is greatly affected by cosmic rays and single particles. Anti-fuse Field
Programmable Gate Array(FPGA) is a one—time programmable device with anti—fuse as the basic
programming structure. Since the state of anti—-fuse FPGA cannot be reversed after programming, it has
the advantages of non—volatility, high confidentiality, high reliability, and radiation resistance, which is
very suitable for aerospace and other fields. A design scheme of anti-radiation wave control unit based
on domestic anti-fuse FPGA is presented to solve the problem of radar array in space electromagnetic
environment. The domestic anti—-fuse FPGA chip is taken as the core in the proposed scheme. The
working principle and realization block diagram of the system circuit are given, and relevant experiments
are conducted. The experimental results show that the transmission delay of RS422 is less than the
symbol period under the baud rate of 5 MHz, and the phase distribution time of the 144—-unit phase—
shifting component is less than 500 ps, which meets the design requirements.
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Fig.1 Implementation diagram of wave control
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Tablel The relationship between the total ionization dose in orbit and the shield thickness(10 years in orbit)

equivalent aluminum shield thickness captured electron dose  bremsstrahlung radiation dose/ captured proton dose total dose
thickness(A1)/mm g/em? /rad(Si) rad(Si) /rad(Si) /rad(Si)
0.04 0.010 4.39x10° 1.93x10° 4.23x10* 4.43x10°
0.10 0.027 1.96x10° 1.28x10° 2.07x10* 1.98x10°
0.20 0.054 6.93x10° 7.21x10? 1.04x10* 7.04x10°
0.30 0.081 3.05x10° 4.70x10? 6.85x10° 3.12x10°
0.40 0.108 1.48%10° 3.34x10? 5.37x10° 1.53x10°
0.50 0.135 7.57x10* 2.55x10? 4.43x10° 8.04x10*
0.60 0.162 4.20x10* 2.07x10? 3.70x10° 4.59x10*
0.70 0.189 2.59x10* 1.74x10? 3.21x10° 2.93x10*
0.80 0.216 1.75x10* 1.52x10? 2.83x10° 2.04x10*
0.90 0.243 1.24x10* 1.35x10? 2.60x10° 1.51x10*
1.00 0.270 9.13x10° 1.22x10? 2.45%10° 1.17x10*
1.50 0.405 3.23x10° 8.3x10' 1.90x10° 5.22x10°
2.00 0.540 1.67x10° 6.39x10 1.55x10° 3.28x10°
2.50 0.675 1.01x10° 5.21x10' 1.35x10° 2.41x10°
3.00 0.810 6.36x10 4.42x10' 1.24x10° 1.92x10°
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Fig.4 Diagram of RS422 serial port output sequence
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Table2 Experimental results for single event effects

. LET/ the total number of . . .
No. test mode particle ) . ) SEL number  storage unit SEU  logical unit SEU
(MeV-cm?/mg) particles/(x107 cm™)
1 Ta 79 1.0 0 0 135
2 ) Ta 79 1.0 0 0 201
3 Trigger Ta 79 1.0 0 0 147
10 MHz
4 Ta 79 1.0 0 0 183
5 Ta 79 1.0 0 0 104
5 Hig
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