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Design of anti-radiation hardened beam-steering units based on FPGAs
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2.Key Laboratory of Aperture Array and Space Application, Hefei Anhui 230088, China)

Abstract: Aiming at the problem of single event upset in the application of Static Random Access
Memory(SRAM) Field Programmable Gate Array(FPGA) in spaceborne beam-steering unit, a design
scheme for radiation hardened beam-steering unit is proposed based on the scrubbing control circuit. The
FPGA controller XQR2V3000 is refreshed periodically by constructing the control circuit based on chip
BSV2CQRH. The anti-radiation Low Voltage Differential Signaling(LVDS) interface chips are adopted to
complete the code transceiver with the front management platform by LVDS communication mode.
Meanwhile, the Transistor Transistor Logic(TTL) drivers are controlled to complete the update of 10 phase
shifters by synchronous serial mode. The test result shows the phase distribution time is less than 50 ps
when the clock is 3.125 MHz, and the falling edge of sampling pulse is located at half the length of a data
symbol, ensuring data holding time long enough to sample correctly.
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Fig.1 Block diagram of beam-steering unit
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F i J7 (National Aeronautics and Space Administration, NASA)FIKK %S J5j(European Space Agency, ESA)&RFK X F
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# 1 Anti-fuse % FPGA Fll SRAM % FPGA X [t
Tablel Comparison between anti-fuse FPGAs and SRAM FPGAs

FPGA type reprogrammable  performance  purchasing cycle  cost  anti-radiation hardened
anti-fuse FPGA no weak long high yes
SRAM FPGA yes strong short low no

FHFRFEM . AR, WETREZHFHEEPHE, REHEHT FPGA 5 XQR2V3000. %t A J&—
K SRAM FIFfik FPGA 5 F, BA 96 PIikss, 300 HITZBEE, 28 672 MBW MG, Tk TIEMK
300 MHz, $U48 5 B =200 krad(Si), HL¥R TR R R<1.5x10° W/amtb/ R, B AR 52 bnam 0 o 45 2 0% .
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2.2 Rl E ) BB BR R T RS VRIS
Table2 Supported chip list
LEEL ﬂQ SRAM 7 FPGA )’f‘é’ KEZHE % ¥ ?Xz Ti'—:l‘ 10} FPGA type configuration bits

ﬁm Zi $ *j_ ? &@] 5’11: 5& m IEIL: Z< ﬁ]‘ E ﬁ E/‘J , {B 7E]l: .&L 'H‘ XQ2VR1000,XQ2V1000,XC2V1000 4082 592

N N ; . XQ2VR3000,XQ2V3000,XC2V3000 10 494 368
Uﬂj ﬁf 2 ~ EX - /_\HE E(] j:}L iFH 'H“E\ j][] [El Tli:‘k ﬁﬁ ;{é lz% {EE $ *J XQ2VR6000,XQ2V6000,XC2V6000 21 849 504
?@%ﬁi}ﬁﬁfzﬁzﬁgﬁglrio %%%)‘Lﬁk[lél]% Xilinx 17 series PROM 1,2,4,8,16 M, serial mode
b7 —Fh 3T M 22 FPGA &S A54SX32A HY) Xilinx 18 series PROM 512K, M2 M4 M, serial mode
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FPGA &k, RMEMIT, AsBE FaE A REN
(Power on Reset, POR)HI Lk T I g H Wi o
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XFET celk BRIEAIE FPGA i & Sh il & 14 Fig.2 Schematic diagram of scrubbing control circuit
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BARAE X R AZ 52, A2 FPGA R IEH TAE. WUB BT8R 10 MHz B, Rl R 2 s,
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Fig.3 Sequence simulation diagram of TTL serial transmission
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