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Abstract. SEU is one of the important causes for the microprocessor in which the exception occurs in space environ-
ment. SEU not only causes single-bit error,but does lead to a number of multi-bit errors,along with the reduction of the IC
feature size. It is a great challenge that we find a way to effectively cope with the multi-bit error. This paper proposes a fault-
tolerant method which backs up the pipeline registers based on cycle granularity ,the dual modular redundancy is applied in
this method. The pipeline registers on the two pipelines are compared through the comparators to detect the error and the
pipeline registers are backed up based on cycle granularity. It takes two cycles to restore the error pipeline when the error is
detected. The write buffer is set in the entrance to the data cache and register file to avoid dirty data flowing out of the pipe-
line. And we can ensure the data is correct through delay write. This paper implements the fault-tolerant method based on
SPARC V8 processor and tests in the simulation environment. The simulation results shows that the CPU clock speed of the
hardened processor in which the proposed fault-tolerant method is applied can increase 70% at most and the fault-tolerance
of the SEU,SET and MBU is implemented with the limited area overhead.
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A7 V7 ) 5 DU R S A T 908 3 K S kAT TR
Back-Up Xf JIT 47 1A i P 47 55 52 11 FE 2 A~ JA 300 0k A7 95K
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S P ER T SRR K LR B T FE Y S A i T
11 fr 7, SRDP 75 48 5 A€ (9 5 4~ % de /b, DMR Al
Back-Up 75 5 14 #& 19 J&l 011~ 250H 24, J& SRDP 11 4 %
ZeAy, =Pl AR T 58 f SRDP 75 5 (1 I ] T 8 fi /)
P 12 52 Coremark 1z 17 A4 & I 8] R = b J7 58 0 25 55
IS (8] 4505 LU AL, R Back-Up J5 58 (¥ 258 i I 18] JT 84
PR TT R R (ARG TR am AT 1 4 of
IR ) 700, A T S BORY 1RO 4 o5 R ) R
0.016%.

ST 45
20000
15000
=
& 10000
&
=
m
5000
0
1000 & 5000 X 10000 X
W A REL
@ DMR @ SRDP M Back-Up
I SRR
SR ] 5 2 e e G
S 12252
=
e o
12250 ,‘_
Y
12248 e
|
Y
;f& 12246 -
. | -
E 12244 S
& ~ .~
Y 3
12242
=% o Ay o =%} (=9
S g5 5% 5 5 %8 3
2 % £ 0 & £ 10 & %
«© 5 <
a] as] m
m %Wﬁ clk 10007 50007% 100007
el SV IS

12 FRFIEAT EUENT A] 5 2R I R0 L ]

3.4 mEFRFAEEE TS ER

i 1 Xilinx ISE T H LI K Virtex 5 FPGA X} LEON2
Ji%S  DMR | SRDP F Back-Up (1) U i &b 3 &% i 17 25
BLGAERMIE 1 PR, BESR, SRDP X} Bk il
B B S B s 1) FE B SR/, AR T LEON2 7y i Y
SRDP (1) f5c JC B S M 26 T B 1 —F, [ Bsf 1 AR 4 44
I T —4%. Back-Up #H % H: Ath 4b 1 25§ 76 1 FA1PE fig 1
LL#

F1 FRFFEARMERMEREFH

Giitah R
PIES LUT RALE b E )

registers

(4 input) | FERF(ns) (MHz)

LEON2 J5i#d 2661 7226 6.818 146.675
Kk g DMR 3670 10489 10.354 96.577
SRDP 4609 15335 12.884 77.615
Back-Up(AXFE) | 4345 12030 7.563 132.215

AT ZEARRKT LEON2 J R PR T R
(146. 675 - 132.215) _
146. 675 =9.8% (1

AEXTF LEON2 J 78 i FLUE i
(4345 +12030) — (2661 +7226)

280) - 1206 =65.6% (2)
HI%SF SRDP PEAESRTH T
(132.215 -77.615) _
15 -7 =70.3% (3)
HI%EF DMR VERERTH T
(132,215 -96.577) _ oo (4)

96. 577
BRSSO 258 7 iR A B R T AR L (R R
REFFEIA/IN. TEAR B HL BE 1) R R B 1 4K, T AR -4
AR AR AL R 28 T T AT, M e T B BN R R
AL ERER ) A BERE I Mk X A BEES 0 T S K.
I AR SCHR HS 2S48 7 SRAE PR RE T4 U 1D S B
3.5 SEU #[EM XN
ASCASFEALE A S0 B LEON2 4 B8, Hom
IR FRITH PR FF A7 dw 2L 1T 601 £, &1 PR 25 7K 4k
G A AT 1202 7, B T4 1 25 A7 4 & 2E SEU
T B AN M b P25 A AT, A X FL R AR SEU 48 36 3F
18t WKL oo h & A 2 48 & LB SEU SR 32
SIS o AT B, AR B — A Al S T TE B[R] AR
BRLF B MR R PR 4 n A A BT AE SR
1 P4 e A BT B R A
P,=1-(1-P)" (5)
MR SCHik , LEO 3T Hi 4138 fL F R 48 1) SRAM B3
fEfitt iR SEU YRR 28 (hi/R) . MR A S THER
T P K 2 BT & AR SEU BB A AR .
P =1-(1-10"")% =0. 00006 (6)
ASCASAEHLTHIN [ 5 K 26 50T &k A4 SEU i i
FIMERE «
P, =1-(1-1077)""=0.00012 (7)
BRSO A EE AL K Ze o] AT SEU
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{ELE 3 1) AR SCH A REIL A I8 ) F) Ak 25 A 5 R A
AR T A S, SE g 4G R R B, AR SCHR H Y A S HIL A
AEAE XY SEU B SCEL 100% K055 72 4.

4 Zig

e 2 Sy N 1 N R N T N B YA S
MBU J§ A 5% Wi 43 1] f3f b B 8 ] 5 v 1) 3 28 i IR R S
it 0 35 T SO BB ) G ) B A7 2 4 O AL A XOTC 4%
WKL A R, P 2% U0 7K 48 308 1o e A % IR) 27 A7 2 1 Y
Z G I BEARE 5 5 LA SR A 0 R AT A N AR
Xof 4 A BERRE T i 8 G O K R BT AT IR 25 5 % wh i)
Z A ML BEL L PP~ 30 e S S50 00 O 500 97 8 98 7K 4R P
JG. SEK R W], 5 LEON2 JRRUAR b, A SCHRE AR 5 F2 A
66% T AT A1 9. 8% (1) RE T 5 S B0 X6} BkE - i ik
HETT454% , 5 DMR 1 SRDP A [b, ZEAL PR 28 MEfE 42 F+
36. 9% F170. 3% .
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