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Design and verification of radiation-hardened by SOI-based FPGA

WU Li-hua, HAN Xiao-wei, ZHAO Yan, YU Fang, LIU Zhong-li

(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: A radiation-hardened SOI-SRAM-based Field Programmable Gate Array(FPGA) VS1000 is
designed and verified. The VS1000 FPGA contains 192 reconfigurable Logic Blocks(LB), 56
reconfigurable Input/Output logic Blocks(IOBs), some routing channel blocks(CHBs) and programming
blocks(PGMs). An LB consists of 2 Logic Cells(LCs) based on multi-mode 4-input Look-Up-Table(LUT),
which increases logic density by 12% compared to a traditional 4-input LUT. PGM adopts direct-access
programming point scheme and provides a more flexible partial configuration. Programming Point(PP) is
specially designed using full body-tied techniques to improve radiation-hardened performance of chip. The
VS1000 FPGA is designed and fabricated with a 0.5 pm Partial-Depletion Silicon-On-Insulator(PDSOI)
logic process at the 58th institute of CETC. The radiation test results indicate that VS1000 FPGA bears
total dose tolerance of 1x10” rad(Si), dose rate survivability of 1.5x10' rad(Si)/s and neutron fluence
immunity of 1x10" n/em”.
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Kl 2(a)45 T VS1000 FPGA LB RYZ5# Al /i /n & . 14> LB G 2 M8 o0 (LC) . 1 A AR
3% % i (Input Local Routing Pool, ILRP). 1 /™4t J5#8 B.i% %% Ji (Output Local Routing Pool, OLRP)FI43 i =X
Bt AL T 1% 2% 38 48 (Distributed RAM)o LB B4 A 1 3 11 25950 40 A 76 55 % 12 S B D0 8, 3 3k A /40 ey 380 T 34 %
P, LB 188 B IT AR T AT DAY AT b R E] LB DU JE R SR B K e O, XA R T S A 4 A
o it X LB #6107 (S1,S2,83, D)L &, JFE/ M RAM ZH G T, LB ol DLISEBA R A TAER,
TR, WU AEREQLUT) TAER S & 4 #0010 30 RAM TAERERE,

[ 2(b) A SO R B T 280 4-LUT (19 LC 45 &l . 2811 4-LUT 5440 4 fa A LUT ML, EAR
AT LS 1 AT R 4 i A AT IR 288,38 a] LS 2 4> 3 i A G 43 i A =52 [ A1 7R 32 48 38 i XF SMUX, CMUX
I FMUX A4 07 A TC &, LC Al LA R TG Mgl i B o 8 AhisX, db i 8 | s on iR AR . ik 2 i, &t
Xof Rt B v R B A T AT R, R 2 RN 4-LUT 19 LC BB &1 12% M B % .

1 LB TAEM # 2 L5 4-LUT 528550 4-LUT RYECEXT L
Tablel LB mode Table2 Comparison between 4-LUT and VS1000-LUT
LB mod control bit MCNC benchmarks 4-LUT VS-LUT gain
% SL_s2 _S3 D c1908 125 105 16.0%
LUT 0 0 0 0 misex3c 263 231 12.2%
single port 16x1 1 0 0 0 dalu 413 363 12.1%
distributed  single port (16x1)x2 1 1 0 0 spla 559 493 11.8%
RAM single port 32x1 1 0 1 0 1481 691 641 7.2%
dual port 16x1 1 0 0 1 table3 785 702 10.6%
ex1010 1 069 930 13.0%
des 1438 1244 13.5%
IR average 680 601 12.1%
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4  VS1000 FPGA i B izt
4.1 VS1000 FPGA I g8 izt
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Table3 Test vector

block type configuration mode
JTAG test IR register, data register
PGM configuration and readback
LUT mode model|mode2|mode3|mode4

RAMDI6x1S[S 1
RAMDI6xIDD_1

LB array RAMD mode RAMDI6x1S<22 1
RAMD32x1S[S_1
flip-flop mode FD[FD_1|FDCI[FDC_1|FDP(total24 types)
CHB arra SB type & diagonal-1 | diagonal-2 |orthogonal
Y track type single | double | long
GB array global tracks & ges 8 global tracks & 8 ges
OB arra buffer mode & CMOSIN|CMOSOUT]|
Y ioc flip-flop mode pullup|pulldown| open-drain enable | idelay enable [FF (24 types)

# 4 VS1000 FPGA fh BN . 205 K AR gl il 45 7

Table4 Test results
die test package test board test
quiescent current/mA 10 10 —
function test pass pass pass
maximum configuration frequency/MHz 25 25 —
maximum frequency/MHz 25 25 100

4.2 VS1000 FPGA %8 BBk 1%

T R AR (IR A . BB AEFEXT FPGA St A 7 i IR
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FEATHEAT T B IR . BRI Kb TR
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VEMEREEHIR , BRI R RAELFRE BT 1.5%10" rad(Si)/s, RIWLH E

AR R B 15 700 5 SR O P 4 ik vp s R HE, e Fig.8 Radiation test board
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5 it
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3 3ot T 2 A A 0 5 A R A, B R T A R OB S AR O BRI G R, PR R KA E) 1.0x10° rad(Si),
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