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Abstract  As complementary metal oxide semiconductor technology further scales down, the
manufacture of nano-circuits will become extremely complex and will inevitably introduce more
defects. For this reason, reliability is fast becoming one of increasingly critical issues for design
of modern integrated circuit. However, accurately analyzing the reliability of large and highly
connected circuits is intractable. To meet the increasing demand on reliable design, this paper
presents a new solution for estimating the sensitivity of input vectors with high accuracy in
reasonable time, especially for the circuit products with the specific application scenarios. Using
the probabilistic transfer matrix model with binary coding and decimal coding as the major
technology, this paper firstly gives a brief introduction to the driving effect of input vectors on
circuit faults. Considering the characteristic that there is no direct correlation among the three
masking effects, then this paper constructs a quantification model to the three masking effects for
basic circuit components through a competitive model. And then according to the constructed

observable-sensitivity input vector in the output of a basic circuit component, which is based both
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on a hybrid coding strategy and a virtual method, we realize the iterative propagation of the
sensitivity of input vectors. Finally according to the definition, we calculate the sensitivity of
input vectors by norm theory. In addition, to better verify the efficiency of the proposed method
mentioned above, we present a Monte Carlo model with self-adaptive strategy, which can be
used to adjust its estimation precision dynamically, to calculate the sensitivities for the given
input vectors. Based on both the theoretical analysis and experimental results on some typical
circuits, firstly, the efficiency of the Monte Carlo model with self-adaptive strategy is verified by
comparing with the traditional Monte Carlo model, the results show that the proposed Monte
Carlo model achieves the aim of self-adaptive convergence without too much manual intervention,
while the traditional Monte Carlo model depends on the experience of the performers and has a
certain blindness; secondly, the computational accuracy of the proposed method for sensitivity of
input vectors is similar to those proposed in the prior work, but our method runs 2 to 6 times
faster than others, and has small memory overhead. Besides that its calculation process is much
simpler and smarter, and its spatial and temporal complexity increases linearly with the number
of basic circuit components. In addition, the paper points that the sensitivity of input vectors
increases with the increasing of fault probability of the basic components, and the effects of
electrical masking and latching window masking on the sensitivity of input vectors tend to rise
with the increasing of fault probability of the basic components, especially electrical masking, and
there tends to be different sensitivities between the different input vectors. This paper also
provides a simple application of the proposed method in reliability oriented masking of circuit
structures. Further analysis finds that the idea of the proposed Monte Carlo model based on
statistical theory can be used to convergence judgment for some artificial intelligence algorithms,
and the proposed method for sensitivity of input vectors can be used to identify the sensitive nodes
in logic circuits.

Keywords masking effects; input vector; probabilistic transfer matrix; hybrid coding; iterative
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1. f&MT circuit. isc I 91 UG LA 6 &

a. iz FISCHRLL6 107 36068 B % 20 2 IR AR iR 5 (Lo ~ 1)
2 TP % 1) D e o A s B o 0 A G R o 5 R BB S AR
FIEEL gn I FE N | Z N 22 2 4 65 % F R AT i BB
A B R B SE A {1 B MCH

b, WG k=0.nk=0.nf=0.h=0 Bk B £ H 2 %L
N e 5

e WA PL B circuir 55 i A AR 9 PL  Hoh i =
1,2, m.

2. WE ST, Hrp j=1,2,-.gn.

a. N MCH 13k R B B 1 55 5 AN SEAR M 1 ¢ 5

b. 1F g, )25 ;=1 , THEN $ B 5 HEmg X Hid A
filt s s ELSE 3% BRI 4 5w o HE v A MO 5

e T g W Hh S A i

d. IF gi2%5 ;=1 ,THEN nf =nf+1;

e. IF nf=no, THEN nk=nk+1,ST,=1—k/nk, L
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h. AT 2 5R 2.
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1w At HL R SR A 1 32 SRS S A5 A B e

50 HOP TR 2 A R 2 BT E S OCgn). 25 14y
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gntm) , Ma B E 22N H OCgntm—+cl) it
r3m. Hdr,e2 w4

PGSR 2, 5k 1 fEm | &2 2% )% B2 B ALl
e, BOARAETH LI R v XA A I A 2 D A
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iy CH — R sk 2 T E 2006 I MCH. 5 1
Mz ERESM A, BAREIE 1 5R 2 =0
IR BE YA 5 H I 1Y) A A 1 RO R 1 K Y 6
F AR 1S WU A TR Ak B 5 )
T A5 L. I3 A o TR H (6 i e A 4L 55 00 33 AR T 1Y
B PhBERL AR NS BOR  1 5 2 iR R g R Y
2 —E U NR 22,

4 TS

g E AR SC T B O 2 A v S Pk
1E ThinkPad (CPU 4 Core i5@ 1. 90 GHz, N & N
SGBY LI FREE N, JATE £ 1 — 26 A% 1k fa K
(4 NAND-2,.NOR-2.NOT.C17. & 7 ff~ o B
PRI AR Bk 2 SO Y HEAT TS5, 1A Sl A R
HTZEAEN Monte Carlo Jyik Kl 75k 2 Ik
PR RO - 25 3R N 3R 1 s s8R )G - 43 0l 2 T A SCr
MR 1y vk R 2 Oy ik DL R CSCER 1L 7 ik 04T
TS AR IR B 1 O B A R L A AR Lk 2.

%Fz 1 7 F Monte Carlo AL & REL &

FEF LW H A Monte Carlo J ik Bk 2 ik
5% 10° 1X10° /s 10 20 /s
Nand-2 0 0 0.157 0 0 0.1501
AR Nor-2 0 0 0.171 0 0 0.1662
Not 0 0 0. 094 0 0 0. 0860
C17 —6.56 1. 64 0.115 0 0 0.1200
RE? Fig7-1 —2.78 —1.35 0.102 0 0 0.1141
Fig7-2 —2.94 —0.9 0. 109 0 0 0.1406
multiplexer —2.86 —1.43 1. 139 0 0 1. 1420
RTL % adder —2.20 —1.10 0. 990 0 0 1. 0090
encoder —1.67 0 1. 030 0 0 0. 9980

£ 2 AXFiEE Monte Carlo FiEHIITEL R ILE
KN % IR (p=0.001, PI,,=1)
=5 BE 0 0001 p—0.001 /s W {7/ MD
Bkl pg: SBWg a1 Bkl ik SExg a1k
. Nand-2 1 1 0.0150 0.1501 0. 082 0.52 0. 50 0.59
%L& Nor-2 1 1 0.0141 0.1662 0.083 0.51 0. 50 0.59
Not 1 1 0. 0004 0. 0860 0. 041 0 0 0

C17 1 1 0.0310 0.1200 0. 086 0.52 0.51 0. 60
4% Fig7-1 1 1 0.0160 0.1141 0.102 0.53 0. 50 0. 60
Fig7-2 1 1 0.0180 0.1406 0. 105 0.52 0. 50 0. 60
multiplexer 1 1 0. 0970 1. 1420 0.221 0.62 0. 60 0. 65
RTL %% adder 1 1 0. 0870 1. 0090 0. 248 0.63 0. 61 0. 65
encoder 1 1 0. 0670 0.9980 0.159 0. 62 0.59 0. 64
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Background

With the rapid development of information science
technology, digital and intelligent devices and applications are
everywhere in our lives, such as smart homes, intelligent
transportation, intelligent manufacture and so on, and closely
relative to people’s daily lives, even their properties or lives’
security. Therefore, the reliability of integrated circuit products
has received wide attention in recent years.

At present, many evaluation methods of circuit reliability
have been proposed for various purposes in different stages in
circuit design procedure, such as model-based testing and
analytical model-based method, which have promoted the
development of circuit reliability technologies.

This study comes from an enterprise project which is to
design a special-purpose circuit with high reliability and
specific inputs. To achieve high-reliable circuit design with
low cost. by analysis we have found that if a circuit has smaller
input vector sensitivity, the circuit is usually easier to achieve
higher reliability with lower cost under normal conditions.

Therefore, it is necessary to forward an effective method to

calculate the sensitivities of circuit input vectors, so that we
can select the proper circuit structure meeting our require-
ments. However, the existing methods ignore the masking
effects on the calculation precision and have excessive temporal
and spatial complexity, so they cannot meet the project
requirements of low-cost and short-cycle. On the foundation
of the existing research work, an evaluation method is
proposed based on a virtual method combined with norm
theory. The theoretical analysis and simulation results on
typical circuits show that the proposed method meets the
project requirements, and will hopefully play an important
role in circuit weakness location.
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