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Abstract: As the feature size of integrated circuits continues to scale down, under the harsh radiation
environment, the probability of single event triple node upsets in nano-scale CMOS integrated circuits is
increasing, seriously affecting reliability. In order to realize the resilient of single-event triple-node-upsets, a
Low-Cost Triple-Node-Upset-Resilient Latch (LC-TNURL) is proposed. The latch is composed of seven C-
elements and seven clock-gating C-elements, and has a symmetrical ring-shaped cross-interlock structure. Using
the interceptive characteristics of the C-elements and the cross-interlock connection mode, after any three
internal nodes are flipped, the transient pulse propagates inside the latch. After the C-elements is blocked in
multiple stages, it will disappear step by step to ensure the LC-TNURL latch can self-recover to the correct
logic state. Detailed HSPICE simulation shows that the power consumption of the LC-TNURL latch is reduced
by an average of 31.9%, the delay is reduced by an average of 87.8%, the power-delay product is reduced by an
average of 92.3% and the area overhead is increased by an average of 15.4% compared to other triple-node-
upsets hardened latches (TNU-Latch, LCTNUT, TNUTL, TNURL). The LC-TNURL latch proposed in this

paper is the least sensitive to PVT fluctuations and has high reliability compared with reference latches.
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B o A IIFE (WW) HEIR (ps) M (USTs) DIFEIEBER (ad)
TNU-Latch® 1.06 106.36 216 112.74
LCTNUTY 0.70 5.02 132 3.51
TNUTL! 0.53 24.05 108 12.75
TNURL!™ 1.64 6.99 384 11.39
AL 0.62 3.56 252 2.21
% 3 MEESFHMEIEL(%)
B A AR AThFE AZEIR ATHIAR ATHFELEIRAR
TNU-Latch® —41.5 -96.7 16.7 -98.0
LCTNUTY -11.4 -29.1 90.9 -37.0
TNUTL! 17.0 -85.2 133.3 -82.7
TNURL!M ~62.2 -49.1 -34.4 -80.6
M -31.9 -87.8 15.4 -92.3
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Fon CAFHE TR TE” « H6FIH
“oX(TP)” Fom “ANFIEE T ThFERE T2
TR “o’(TD)” XKoo “AENREE N R IEE RS
TiE” o WRAMBIETT LLEWE H, RS
o*(PP), 0*(PD), 0*(VD), o*(TD) LA K V1575 % #B
NI WHELR UL, AR T S A AR L S5
KRILEE A APV THBURE .

5 ZERIE
EERCE RS T2 R BIA R, Al SEME: )
120 — TNU-Latch
100 - LCTNUT
—~ 80 TNUTL
= TNURL
e 60 = ARG
W
R 40
20
\
0 _‘)R%_&.h)g%_*_
FF FS TT SF SS
IZHA
4 NETZM N HIThFE
50 200

- TNU-Latch
40 | = LCTNUT

1 150

. TNUTL

2 30 | - TNURL

= e AR 1 100

'Dd 90 | &1 F

N’! '/ ”
10 7 a0

FF FS TT SF SS
L2

K 5 RETZM TR

IR O AR R B LT R 2 — o AR
T PRI I = SR B IR R B, BT
WYL T O IT A I CHRIT I REF M, B
KT HEEEIIRE . o I T SN th, PRAIE T 321
MaifFas A RmmTEMN. 32 nom TZ T
HSPICEfj B4 REH, A CHEHPILC-TNURLAS
TR EDEEBHKISNU, DNUsH
TNUs, A5 FTA #E 1 ARl [ Pk = 2 1E 8T
EHIRA . M T EAMTNUsH IR ESiE 2 TNURL,
AR EMLC-TNURLGIAF S IIFE. IR, ke

100 500
— TNU-Latch
80 = LCTNUT 4 400
— TNUTL
3‘; 60 t TNURL 1 300
14 = ARILEEH
§ 40 ' A1 900
20 AN 1 100
| S A 3
0 %ﬁi‘:ﬁ:‘_ 0
0.6 0.7 0.8 09 1.0 1.1 1.2
HE (V)
B 7 AN TR IR
2.5
— TNU-Latch TNURL
2.0 = LCTNUT TNUTL
E 15
= S &t
B 10
0.5
0

-40 =25 0 25 50 75 100
EE (°C)

8 ANFEIR L T I DI

4 [ TNU-Latel R 80 " TNU-Latch - TNURL # | 2%
= LCTNUT / 40 L= LCINUT _
.3 TNUTL . TNUTL 1 150
Bi TNURL é 30— AIEH m
= 2t P y 1 100
w VN A E 20 L ,/
ﬁ NJ ..// =
. 10 | . 150
o LT 7 Ol x|
06 0.7 0.8 09 1.0 1.1 1.2 -40 25 0 25 50 75 100
HIE (V) BIE (°C)
Kl 6 AFHE T RISk K 9 AR T RIFEIR
=4 TEPESHPVTEEAE
BRAE 8% TR o*(PP) o*(PD) o*(VP) o*(VD) o*(TP) a*(TD) P8y %
TNU-Latch® 698.99 2336.63 0.71 12073.40 0.01 1763.43 2812.20
LCTNUT! 1964.75 73.31 0.54 103.78 0.00 95.35 372.95
TNUTL! 28.94 223.50 0.08 479.02 0.00 50.56 130.35
TNURLM 11.04 18.18 0.95 28.11 0.01 12.79 11.85
AL 9.72 4.32 0.22 4.31 0.01 0.45 3.17
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