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A Berger and Remainder Combined Result Checking Approach for Errors
in FPGA’ s Operation Units Induced by Single Event Effect

XING Ke-fei, YANG Jun, WANG Yue-ke

( Mechatronics and Automation School, National University of Defense Technology, Changsha 410073, China)

Abstract : According to the soft error of FPGA’ s important operation module in space application, a novel approach
named Berger/remainder combined result checking method is presented. Because the carry chain of arithmetic operation is
difficult to obtain in FPGA logic design, the correctness of addition, subtraction and multiplication are achieved by the
remainder result checking method, and other operation modules are examined by the Berger result checking method. The
logic implementation of Berger/remainder combined result checking method is given as a case of Virtex II FPGA, the
resource increment and performance degradation of the method is analyzed. A single event effect fault injection experiment
indicates that the error detection rate is about 98% for Virtex II series FPGAs with resources increment of 10 ~40 SLICES
and operation speed is droppped down to 50 ~ 100MHz.

Key words: Operation unit; Berger result checking; Reminder result checking; Single event effect

0 5]

il

¥ F CMOS T % B SRAM #I FPGA ( Static
Random-Access Memory based Field Programmable
Gate Array ) X BURL 1200 SRR FR ) T B K= A
BN, SRAM B FPGA BRL 2807 e HeAim [ 5L 3

WO R H #1:2010-10-07; &8 H 3] :2011-04-29
FE&WH EH PR TR R SR B E (C1320061301)

ARz 3] T = EE MW, B Al NASA/JPL, BR = & . &
ZH B TEAE & TP BT Xilin 5% B FPGA
BB RN B A Y

FPGA FE #4715 5 AL 32 ( Qnd 7 it A8 e | IR 8
BONBFEHTERZE BESHEMBIERKE
B ERIIEIBZHE B FPGA P HRER LAY B8 14 T 12: 4%



2046 =i

Eird %32 %

S,k 58/ ESFEERZE 2B A CLB
( Configurable Logic Block ) 2 B , 3% Sb #5475 % 2] 5
RERTEME, 2HESRTRLABRN R BEER
A (] G 1% o X I 258 [ R0 38 A PR 2 A R T v -
i RIHTX FPGA BC B 774 4% SEE A 2048 @ IUR
(0 TMR: Triple Modular Redundancy, DMR: Dual
Modular Redundancy ) ¥ 7 /il 3% %0 #& £ /9 4% 55
B, B K O O 4 LR S
FPCA PR EL77 0K 38 7 B AE , SR T R A 0%
REELAFTEIAREBNIIRESR 5 T KIEME
PR BRAR T B BEERE . Anghel L 8 AFESCHK[S ]
HXE S R S 2 A0 4% WL B ) TMR A DMR #3147

TR o AT, G5 R WK 1, AT LUE Y TMR
5, DMR f§ 73 H A5 &3+ B B IR % m 100% ~200% ,
HETERE (BB R TAEER) FRET 15% £ 4

SCHR[6 - 8145t — 24Tt AL 28323 B BT Y
K48 R Ir v, R R R IS R I W AL B8R B
HERIEFME, I [9] & T X FIETE Altera
FLEX10K Bt H 47 T 2 B 58 . A SR 8 A
KT SC R, K e 1T B % F £ FPGA iz B 8
TC 4 BURLF 250 R A ) L 3 LA Xilink SRAM Y
FPGA Ryt G 4T T S BRI B A, 18 SCH Ja Xtk ik
B EREBEAT T 43 #T o

# 1 TMR A DMR A0 % 8 6 F o
Table 1 The resources used for TMR and DMR design"’

. TMR DMC . TMR DMC
ﬂg 23 g B i gjg B g 23 i
Wim/%  BEM/% /% BEE/% Wm/%  BE&/% /% R/ %
bk8 x 8 194.35 18.33 90.88 15.00 ks16 x 16 195.78 22.00 93.27 17.30
cla8 x 8 194.31 17.74 90.81 14.51 skl16 x 16 195.29 22.00 92.49 12.85
he8 x 8 194.48 19.64 91.09 16.07 bk32 x 32 194.90 9.48 91.81 7.75
ks8 x 8 195.09 25.00 92.07 20.45 cla32 x 32 194.67 10.57 91.43 8.65
skl8 x 8 194.67 23.91 91.39 19.56 he32 x 32 195.55 14.10 92.84 11.53
bk16 x 16 194. 64 13.09 91.44 10. 46 ks32 x 32 196.37 17.17 94.16 14.15
clal6 x 16 194.43 15.27 91.11 12.50 skl32 x 32 195.69 11.22 93.07 9.18
hel6 x 16 195.03 15.27 92.07 12.93
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Jin#: (ADD) Se =X+ Y. —Co -y + o
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Fig.2 A Berger checking case for adder
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(SUB) Calculation

X AD9857 w=s R =sum(A,D,9,8,5,7) mod 15=7
Y - AD6620 == R =sum(A,D,6,6,2,0) mod 15=7
s 003237 == R, =(7-7) mod 15=0

R, = sum (0+0+3+2+3+7) mod 15=0
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Fig.3 A reminder checking case for subtration
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Table 3 Influence to resources and performance by result checking approach for operation unit
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Fig.4 Flow chart of fault injection experiment
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Table 4 Error detection performance for operation unit

Wik BE RAE BREE PR 4
MBS K EAKE BWHE AW
1 154 100 600 598.7 99.8%
2 156 100 600 599.1 99.9%
3 160 100 600 599.0 99.8%
4 161 100 600 598.6 99.8%
5 164 100 600 599.0 99.8%
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