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Proposal and Evaluation of Soft Error Tolerance

Improvement Method without Multiplexing in 65 nm Process

SHOTARO SuGITANT! RyUrcHI NakaJiMA! Jun Furuta! KazuTosHr KOBAYASHI®

Abstract: With the miniaturization of integrated circuits, degradation of reliability has become a critical
issue. One of the causes of reliability degradation is the soft error, which is a temporary failure caused by a
radiation strike. Soft errors are fatal errors to equipment related to human lives such as autonomous driving
technology and medical devices. One of the countermeasures at the circuit level is the multiplication latch.
However, the overhead of the circuit performance becomes large. Therefore, it is necessary to consider the
balance between soft error tolerance and the circuit performance. In this paper, we focus on the critical
charge (Qcrit) of NMOS at each node obtained by circuit simulations and propose three types of circuits to
increase Qcrit at vulnerable nodes. We evaluated the performance of the proposed flip-flops using circuits
simulations, and soft error tolerance of fabricated chips in a 65 nm bulk process by « irradiation. The a-ray
irradiation results show that the error rates of the proposed flip-flops are reduced by 50% for PLTGFF and
PLTGFF2F, and by 90% for FBTIFF.
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TGFF 3.7 - 11 3.0 8.5
PLTGFF | 4.7(+1.0) | 8.8 | 14(+3.0) | 4.2(+1.2) | 9.8(+1.3)
PLTGFF2F | 6.1(+2.4) | 11 | 17(+6.0) | 4.6(+1.6) | 12(+3.5)
FBTIFF | 8.9(+5.2) 9.4(-1.8) | 20(+17) | 17(+8.5)

® 6 RERMWOMAEE (TGFF Offi% 1 & L THIEIL)

MIFSREE | MR | EIERRY | MBS | ADP
TGFF 1.00 1.00 1.00 1.00
PLTGFF | 1.05 1.01 1.07 1.13
PLTGFF2F | 1.21 1.09 1.14 1.50
FBTIFF | 1.42 1.10 1.22 1.90
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4.3 SER (Soft Error Rate)
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