31 5 JOURNAL OF NATIONAL UNIVERSI'Y OF DEFENSE TECHNOLOGY Vol. 31 No. 5 2009

:1001- 2486(2009) 05— 0012- 07

B EmE L F VA KRR
( , 410073)
, 8
—DMTS DR, SKU,
SET , DMTS- DR ,
:TP302 ‘A

Design of Soft Error Immune Registers with Low Overhead

SUN Yan, GAO Chang lei, L1 Shae- ging, ZHANG M ix xuan
(College of Computer, Natinal Univ. of Defense Technology, Changsha 410073, China)

Abstract: Due to technology scaling, radiatior induced soft error has been increasing in VLSI systems. Designers have to consider
the problem of reliabiliy caused by soft errors. Selective hardening of vulnerable nodes in circuits using resilient registers is a prevalent
solution, which can effectively reduce soft error rate of logic circuits. This paper gives a summary of some soft error immune registers,
and then provides quantiative analysis and comparison in reliability of eight kinds of registers. The result concludes that temporal spatial
dual modular redundancy structure shows better reliability. The existent reliable regiters brings about great overhead that cannot be
avoided, so this paper designs a timing shi+ based Dynamic Master Temporal Spatial- Dual modular redundancy Register (DMT'S-DR).
The experimernt results show that the proposed regster is not only able to immunize SEUs in itself, but can also mask SEI's propagated
from combinational logic efficiently. Compared to other reliable registers, area overhead and delay penalty of DMTS-DR have been re-
duced greatly. DMTS-DR has better tradeoff among reliability, area and speed.
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Tab. 1 Classification of redundancy registers
M-TS- DMR M-TS-TMR
MS TS DMR MSTS-TMR
M-S- DMR M-S-DIMR
MS-S-DMR MS- S-TMR
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. 2/3(6G)
R(t)y=P (T> 1) (1)
n ) R(t), k/n(G)
R0 = 2GIR(DI'TI= R (2)
LGIR(OTT1= R()1™ i
RV[( t) Rb( t)
R(t)= Ru(t)*Rs(t) (3)
s SEU
[0, ¢] SEU SET :
Ru ( t) = Pu (SEUDSET) = PM( SEU) * Pu (SET) = RM,SEU( t) ° st, Sh’l‘( t) (4)
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Tab.2 Reliabilty of redundancy registers
Rs(t)
M-TS-DMR <2[ Ry wu()* Ry wor (0) 1= [ Ry seu(£)® Ry ger ( ]2}' R s (1)
MS-TS-DMR {2[ Ry so( ) Ry () 1= [ Ry gu(8)® Ry o ( ]} [2R9 s ( R% SEb(t):l
M-S DR (2R (D)= Ry e }  Rusr(1)* Reseul 1)
MS-S DMR <2RM,SEU - M,SEU( t)} * Ry ser( t)® [2RS, seo (1) = Ré,SEU( t):l
M-TSTMR {3[ Ry go( 8)* Ry or (2) ]2_ A Ry, gy (1) * Ry ger( 1)] ?' Rs su( t)
MS TSTMR <3[ Ry, seu(t)* Ry, ser ()] - 2[Ry, seu(t)* Ruser ( l)]3>' [3R %?EL( t)- 2R§, sev( t):l
M-S DIMR {3R$1 s (1) = ZR?'LLSEU( t)} * Ry, ser(t)* Rs, seu(t)
MS-S-TMR <3R szl R;VI,SEU( t)} * Ry, sr( t)* [3R§,SEU( t)- 2Rg,sw( t)]
SEU R )
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