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Design of a Built-In Current Sensor for CMOS IC Testing
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Abstract

This paper presents a built-in current sensor(BICS) that detects defects in CMOS integrated circuits using the
current testing technique. This circuit employs a cross—coupled connected PMOS transistors, it is used as a
current comparator. The proposed circuit has a negligible impact on the performance of the circuit under test
(CUT) and high speed detection time. In addition, in the operation of the normal mode, the BICS does not
have dissipation of extra power, and it can be applied to the deep submicron process. The validity and
effectiveness are verified through the HSPICE simulation on circuits with defects. The area overhead of a
BICS versus the entire chip is about 9.2%. The chip was fabricated with Hynix 0.35um 2-poly 4-metal N-well
CMOS standard technology
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Fig.1. Blockdiagram of built-in current testing.
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Fig.2. Proposed Built-in current sensor.

oy 2.

e

31 71€d® X

=3

oy 30 EAHF A4 =

Fig.3. Reference current generation circuit.

NNEdF AP BE2 % 37 o] 7A€ Ml
EdAzEoM A" JEdie AFA0L,
MP4)ell o8l Mddel HA= 1, A Fe vash=
NEAFE AF-AY Wd EWAX2EHOMMND =4

kel Qrbeth WHE HAF AAIE F AF AFH
AL A1E3 FrY M 2 EARE s A o

oo FHz AAW ENAXAEH Mo As] F7t
4 AYxwst EAGLE Aotk ol EARL

o

S Asty] Yste] HAE ZEol AYRCE FHE )
AR E = IME(NVDS] 282 M3 ElA2EHo
Alel & ol AAstAr. o2 <l 43dE TEST

=2X (Journal of IKEEE) Vol. 9. No.1

3.2 Hl7]
3|2 ZAgto]l Qi x7| el A N1 @3 N2 ©h
A e AHE sHgshd, HAE Z7dA A
MN2 EdA2EE AF-H W EdA2E MNL
ZRE NEAFE Aoz M3 S AoE &
o A ") wad N1 W%
Qs MP3 E#dMx2Ee AE Aol FAidtd

MP3 E#A| 287} 2555, N1 @] oz 23
MP3& A&Hoz mgFe] N2 @9 HAehe F7HA
Zick olg Al MP3 EdA 2Bl ofs N2 @& Fx
o] ¥a MP2 EMA2HE= AW Er drt 3=
Aol gt 7 MN4 EAXLEHE T34 MN3 E
WA =EH | AoE wdom AddFE dAgor W
g zstol <7bETy Z#HFIE 71%@%&4 a9,
MN2 EAdA2H AolE o] Mt MN3 Ed

2F AlolE e dgtol ¥ A #Hh LE}EW N2gt
o WA= Azke] Nivke] Waw: Agtuch wa
A HEZ MP2 ERX2EHE MP3 EdRA~E R
wWaA =EEa NIge Ao nla] N2¢o Ao
g olx] MP2 EdA2EHE ZEHo] N1o At
F7MA 71tk N1gke] Hsfe] F7hghel il MP3

=@

W
E

o
=
A

Ax="E o w2 Ad Azt @k ol Pass/Fail
e &Y DA s s Te] HAste] 329
Aol EAFE =Ydot

2 m=EA Ak AF AR Hurles A
FE Yoz WEs Ags vus) o= dZFo|
A HW Fxd4d=2 F4¥ PMOS pull-up latch®]
AAZ T2k o3 mE FAELEE 2

Iv. 22[8 T8z AlEefolMd At
41 93 74

2 oEioA AT TA87ES
0.35um 2-poly 4-metal CMOS ®%+%
o HA2E g4 325 4x4 ¥E FA7]og. o] ¥
A71= 89 H7ME7], 4719 wkrpabrlel 16709
AND AlolEZ FAHETH HAE F o mpA= golo}
%2 a9 49 2o AR{ AAEE Jo HSAF-

Hynix WFEA] 9]
Ao FHIFA



At Mg Edlx2~E MNI1¥ MN49] W/L (channel
width/length)& sds A7|Z A7 o, Wgd

AF AANEE AGAANAY AN 294 E

WA 28 MN5 EMA2EHE WL ZL7|E A &9

a8 4 H2ESR H dolokx

Fig.4. Layout of test chip.

" 5 WEE ARgAs R dgelokx

Fig.5. Layout of built-in current sensor.

Had dF dX3=2 A 61

ag 6. HZ2E He A4dd

Fig.6. Inserted short fault in the test chip.

A7)= 116x65m2el™ W4d diF AAS 27 2HA
St WAL 41x17m2=
=

<o)
o
X
1o

N
rlo
g
2

lo
)
X
ot

Him
Ve VR

(a) (b) 4EAZ (¢) CUTY dAHFESE (D)
Pass/Fail
ad 7 AR AR WAAEH Aol fle
3|z AEHA A
Fig.7. Simulation results of fault-free circuit with

built-in current sensor.



62 HI| M At=t3|

T Zi T |
(a) [ [T
"'—"fl o..'\'.\. n-mnul;l ﬂl‘h 10;-
TR . B
o) B ] IJ | L
" : - ml"'\'-||'\7|"-'ll|-'L - -
= i oy e ———.
(c) FE=ml's |
i ! - = ‘“:‘...,.,,n..'i"' T
o SRR
|I,L L ¥ e ..;.. Freeaded
A— ! e “ﬂqlm"ull-“ o
(@) (b) 482E (¢) CUTY dFWHE (d)
Pass/Fail
2y 8 AR AR WFHD dgel Ut
sz A EH)A A

Fig.8. Simulation results of faulty circuit with

built-in current sensor.

42 AN EH A A3

Aere WEE dAF #A== HSPICE BSIM3

2dS AMgsle] AlEH oA AF AAIEE
wWideta Ashs @dst A71A g 3R] Al EH
A A a9 78 2o 3 A Ase FouA A
v 992E, A 1A dse AgddsRe] AR
Walolx v WA A&7} Pass/FaildlZ ot 18 89
FA1FE FA3t AR S ZAA ] AlEHoA AR
S uvepdTh Add UFE dF ZAFEE vAE
Aol A& 7tsde Holy] st 0.25m FAHOR
Alggold Z3E 29 9o BT AlEHolA Ay
S TFE B A UFY ARF gAFIE= A
oz IAE AAFE BT HESE A& & F 4
omn wAFAge A& A GA AFAFE BT
Az e 2 & F Atk

=2X (Journal of IKEEE) Vol. 9. No.1

(c) CUTY
Pass/Fail
A A AL Al EHIA A

Fig.9. Simulation results in the deep—submicron

EhEE

(d)

a9

technology
¥ 1vuxEd
Table 1.Comparison table(I).
aAs | adzw | swga |50 29w
Favalli’s |[TR:
BICS[4] ||2x gates+1 NA NA Y 1 1
. |ItR:10
Maly’s
INV:2 NA NA Y| 5] 1
BICS[S] NAND:1
—|Itr16
Miura’s
Bicsier (K1 NA NA Y| 3| 1
Shen’s [|[TR:13 o
BICS[7] |[Diode:1 14.4% N 3| 2
];[Iacns%S] LR24 Negligible | N | 3 | 1
ross) [ NA | Negligible | Y | 2 | 1
Kwak’s [|[TR:10 s Not
BICS[10] [[INV:3 Negligible | N | jgoq| 1
Proposed [[IRA1 Negligible | Negligible | Y | 2 | 1

(NA: Not Reported, - : On-Line Testing)
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