Improvement of diagnosis accuracy by short fault with resistance value
- Voltage based fault diagnosis technology in cell circuit -
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Abstract: For improvement of diagnosis accuracy, fault resistance value and substrate bias effect are taken in
simulation flow. The former is the resistance value brought by short fault, and the value which is calcul ated
as the ratio to impedance value of standard transistor with normal state. The latter is the effect increasing
threshold voltage brought by reverse bias applied to the junction between source and substrate area. The
transistor which is located at middle steps in penetration current net formed by short fault, receives the
effect. The diagnosis additional of them is brought same result by SPICE simulation, and confirms
improvement of diagnosis capability.

CMOS
Keywords: CMOS, Tr operating point, Impedance, Short resistance, Substrate bias effect
1.
LS SPICE
[41[51[61[7]
Iopg
Tr
. - - - (S,V)
sls(switching level simulation) Sw (Vth)
(2)
[1] ] )
(Vth)
(n ) 3
4 PICE
SPICE SPIC
(23]
6 SPICE
Z

NchTr  PchTr

E-mail sanada.masaru@kochi-tech.ac.jp

28 LSl (LSITS2008), H20.11.12-14 ©LSI 183



2.1
(2)
Z
Z
1
(Vin)
PchTr
NchTr Z
Vour N I I
i g
[dVour/dViyl=1 H S v
Ve /Vout=Vin-VTN
Vout=\/|n-VpN///;.
7 Domain
S /[ ) [dVour/dViy|=1
‘ AT N,
2B Y/ B VA IN
/ N\
Pch 1
Nch 1
Impedance ratio of each V,
1 PchTr
NchTr
(Rs)
Z 2
Vin-Vout
Vi N=Vpp 2
on
Voo
P _,a
In 30
v N™b
1.66
GND ‘ ‘ ‘
2 Vin 3 4
2 Vin-Vout
184 28 LSl

Z
:VDD 2
30 Q
H/L
on 1
75kQ(=30 Q 4
1
Short (ngr)
100k 135
50k 6.7
30k 4.0
20k 2.7
18k 2.4
17k 2.3
15k 2.0
10k 1.3
2.2
(8]
3
Source Gate
S-Base

(LSITS2008), H20.11.12-14

Vin

©OLSI



VG

Vsurf+VS
Vsurf

1
Vth=0 +V+— J2gN A (P +Vy)
COX

(® PN Na P
VS es S Cox
)
5 (Vs)
(Vth)
yth
/
: /
2 //
1
1 2 3 4%
5 (Vs) (Vth)
AVth Vs
3.
Full-Adder (FA)
6 7
a4
Bridge

28 LSl (LSITS2008), H20.11.12-14

7  Full-Adder
Tr
COUT SOUT
Normal T Fault N I T Fault
A B C output | saarlsplye oﬁim | sa?\l:plye
0 0 O 0 i 0 0 . 0
0 1 o0 0 i 0 1 11
1 0 0 0 1 o0 1 11
1 1 o0 1 1 1 0 1 0
0 0 1 0 | 1 1 1 1
0 1 1 1 1 0 0 1 0
1 0 1 1 1 0 0 1 0
1 1 1 1 1 1 1 11
Abnormal state  Normal state
8 CouT 3 8
4. SPICE
(Rer)
SPICE
9
Full-Adder In1 0
5v In2 »1” out
COouT 10 SPICE
©LSI 185




Inl,In2 =(0,1)

w

AR

Full-Adder (A,B,C)=
(0,11 101 11
|
A Inverter NAND
Tr P2 N2
(Bridge)
Rs Inl,In2 =(0,1)
P1 N3 P2 N2
Voo
1
In1 [

15
1.86 —— ||
10k / \\
Short L\ GND
00 1 2 Inl(v) 3 4 5 []N3
In2
10 SPICE couTt —1— GND
11  In1,In2 =(0,1)
10
2 V(out)
Ny,+N
15kQ Vout= = Voo
{(np;+nggR)t +(npy) H +n,+ny,
Np1,Np2,MNL, N2, N3 BR
2 Z
(A,B,C)|In1,In2 |Short
(0,0,2) 11 1 0 0
(0,1,1) 0,1 0 0 1 n+2n
(1,0,1) | 01 0 0 1 Vout= N2 N3 Vg
{(npy+nggr)t +(Npy) 1}t +n,+2 Ny,
5.
V(out)
SPICE Rs
Rs
A (Voo )
P2
Vpp—P1—Bridge—>N2—N3—GND
186 28 LSI (LSITS2008), H20.11.12-14 ©LSI



Vout

Ny +2
Vout= Voo
1+ nget ng,+ 2
Rs
Vop— P1+Bridge P2
- N2-N3-GND
Vout
Ny,+ 2
Vout= - Voo
{(A+ngg) T +(npy) 1t +ny,+2
Inl,In2 =(1,1)
Full-Adder (A,B,C)=
(0,0,2) 12
In1,In2 =(0,1) P1 N3
P2 N2
A VDD
Plrp »I:E'Z P3
Inl\ =
|
IBridge Out
I:]\ll— m— :|N2
"GND
> [N
n
—4—— GND

12 In1,In2 =(1,1)

V(out)

{(nnyt Ngr) (Nt 2 Nyg) 31

Vout=

Npyt {(Nyg+ Ner) ™t +H(Npyt 2 Ng) '}t

Rs
A (
N2
Vpp—P2—Bridge—N —GND
Vout

Ny, +1
BR
Vout= ——— V,
an + nBR + 1

28 LSl

(LSITS2008), H20.11.12-14

Rs
Vop—P2—(Bridge N1
N2 N3 )—GND
Vout
{(1+ ngp)t +(ny,+ 2) 1} 1
Vout= DD
Npot+ {(1+ Ngg) +H(ny+ 2) 7}
6.
Full-Adder 9
In1 out COUT
SPICE
In1 out
3 Rs out
SPICE 13 SPICE Rs
In1 out
SPICE
3 Rs ouT SPICE
IN1=0 In1=5v
(Q)| Diag |PSPICE| Diag |PSPICE
Short | 400 | 4.10| 1.66 | 1.40
10k | 3.17 330 | 267 | 240
15k | 2.86 2.95| 3.00 | 280
17.5k | 2.72 2.80 | 3.13 | 299
20k | 2.60 2.65| 3.24 | 3.13
30k | 2.22 2.17 | 357 | 357
50k | 1.71 156 | 3.97 | 4.06
IM| 0.00 | 0.10 | 5.00 | 4.90
)
out
Short r-k .
_ | 10k 15k 17; / —
3 | —
e e
1 30k /
_2’ 20K 50 } L
M

12 Inl

o

In1(v) 3 )

Out

©OLSI 187



OuT COUT

CcouT
out

CouT

IDD
In=2.8

4 couT

2 NAND

(out In )
SPICE

2.16

SPICE

Diag [PSPICE

5.00
5.00
4.40
3.00
1.67
0.00
0.00

5.00
4.89
4.74
3.92
1.37
0.23
0.00

V)

(X10)
5

e

-

(wn )od

-

©136
i \O\&

0 1

14

188 28 LSl

2 In(v) 3 4 0.60

(In) couT

(LSITS2008), H20.11.12-14

SPICE
SPICE
Full-Adder

STRAC

” LSl
2004 p235-240, 2004.
(2] “
” LSl 2007 p227-
232.
[3] “RC
” LSl
2007 p257-262.
[4] 2006-313133
[5] M. Sanada and Y, Yoshizawa, “Fault diagnosis
technology based on transistor behavior analysis,”
Microelectronics Reliability, vol.46, Issues 9-11,
pp.1575-1580, Sept.-Nov. 2006.
(6] “
” LSl 2006 p205-210, 2006.
[7] M. Sanada, “Voltage-based fault path tracing by
transistor operating point analysis,” ESREF2008, To
be published.
(8]

©OLSI





