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Reliability Evaluation of the WSW Device for
Hot-carrier Immunity
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Abstract

New WSW(Wrap Side Wall) is proposed to decrease junction electric field in this paper.
WSW process is fabricated after first gate etch, followed NMI1 ion implantation and
deposition & etch nitride layer. New WSW structure has buffer layer to decrease electric
field. Also we compared the hot carrier characteristics of WSW and conventional. Also, we
design a test pattern including pulse generator, level shifter and frequency divider, so that
we can evaluate AC hot carrier degradation on—chip. It came to light that the universality
of the hot carrier degradation between DC and AC stress condition exists, which indicates
that the device degradation comes from the same physical mechanism for both AC and DC
stress. From this universality, AC lifetime under circuit operation condition can be
estimated from DC hot carrier degradation characteristics.
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4 Experimental result for WSW

 Process Condition
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Fig. 5 WSW structure(TEM image)
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1. 3 TR
Table 1. process parameters

0.18um CMOS Tech.
Shallow Trench Isolation
40A(N20 annealed Oxide)

5/0.25um(NMOS)
10/0.25um(PMOS)

Technology

Isolation
Gate Oxide Thickness

Gate Width/Length

LDD I/1 As, 16KeV, 1.0E14( /cm2)
Source/Drain 1/1 As, 30KeV, BE15( /cm?2)

Salicide Co-Selicide

Sidewall HLD/Nitride(850 A)

DUT-1 (NVOS in Inverter)

DUr2  DU3

>

clock
DHiip/Fop : Frequency Divider 1- (Block-1)

Bock2  Hode3

T2 6. EA | B #l=F Foke 26712 PAEIAC
IR HAE oiH 32T (Width/Length=5/0.25um
for NMOS, 10/0.25um for PMOS)
Fig. 6 The schemaic of AC hot carrier test pattern on chip
consisting of pulse generator, level shifter
and freguency divider(Width/Length=5/0.25um
for NMOS, 10/0.25um for PMOS)
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ket 549& Helz slot

1% ldsat G3== Al 71822 DCY AC &
vlwall, AC o] 152MHzelA ThuiE = $-=2t
< Holx ItH(10% Idsat 32 7IFez 39S
AC 82 38MHzolA T3HRE 53¢ BAE
F7L Z71RE Ha £2 ZoA|Y DAHC ~EF
25 H& wWol i = €3t lste BAE Bo
Atk e AC g3 542 DC ~Efzd| ot
Aol o 11 84S Holm Yt

(a" 9 Ead AYEA gm g3l o J& AC
9} DC 2E# 2 23| wpg} Hlwgt 3lelcth. o7l ACS
DC AE#A 242 (a9 8
z7olth. DAHC ~E#|~ zddA AwAd (Interface
state) 71 71 Zol FAEH, B35 (Power law) 54l
mE ACS DO9| RE ~EHA 24 dekd gm Gl
71871 9B 71e71E 7T SES & A

olAL R AC AEH 29 DC AEHA 2N T
g dAES En 313% 1 ¢ itk AC9DC
2Ed| 29 od *53 Idlin gatel FEZY Vth o
EE B4 vud AL A7 g 107 (29 1D
vepeh. A87AF Idlin €3l BEAYG Vih olE:
52 Idsat g3het A9 Hlsak AR Holx gtk

}-n:
1o, o oﬁ,
— o o, o

4
i

1e
o
i
R

Y

= =3
& &5

rlo

1x101 | v
vvvy
o i
o Y
0 v
o 1 wu )
L} °®
§ L]
c s B
o L]
FERRE S . E
o
o
o
[
© L N
= 1x102 152MHz (DUT-1), Vpp=4V
@ ®  76MHz (DUT-2), Vpp=4V
- 38MHz (DUT-3), Vpp=4V
108 | v DAHC (Vd=4.0V, Vg=1.6V) -Idsat E
CHE (Vd=Vg=4V)- Idsat
L L L

10 100 1000
time (sec)
02| 8. AC2t DC AE={A0l| 2f8t |dsat &5} B
Fig. 8 Comparison of Idsat degradation by AC
and DC stress

) 9 Idsat g3t BT 22

Idlin degradation (%)

Vth shift (V)

Gm degradation (%)

T )/';/
101 " 4
. o
.
.
100F o J
152MHz (DUT-1), Vpp=4V
o 76MHz (DUT-2), Vpp=4V
101 | 38MHz (DUT-3), Vpp=4V E
v DAHC (Vd=4.0V, Vg=1.6V)
102 L L L
10 100 1000
time (sec)

12 9. ACet DC AEe|A0l| 2f§t gm g5} H|m
Fig. 9 Comparison of gm degradation by AC
and DC stress

—=— 152MHz (Idlin)
—e— 76MHz (Idlin)
38MHz (Idlin)
—v— DAHC (Vd=4.0V, Vg=1.6V) -Idlin
CHE ( Vd=Vg=4V) - Idlin

0.1 |

L L
10 100 1000
time (sec)

02! 10. AC2t DC AEe{A0l| 25t |dlin

Eceliml

Fig. 10 Comparison of Idlin degradation by AC

and DC stress

102 |

101 |

100 |

40/ —®&— 152MHz (Vth shift)
o« —e— 76MHz (Vth shift)
38MHz (Vth)
—v—DAHC (Vd=4.0V, Vg=1.6V) -Vt shift
101 | CHE ( Vd=Vg=4V) - Vt shift k|
L L L
10 100 1000

time (sec)

32| 11. AC2IDC AEHIA0| SfEtth OlEE

H|@

Fig. 11 Comparison of Vth shift by AC and DC stress



g-) o] WS zZtE WSW &9 AelA 7 15

pp. 1600, 1995.
(3] Q. Wang, W. H. Krautschneider, M. Brox, and
W. Weber, “Time Dependence of Hot-Carrier
Degradation in LDD NMOSFET's,” Microelectronic
V. 2= Eng., Vol. 15, pp. 441, 1991.
(4] Kim Hyeon-Ho, Yi Cheon-Hee, “The MOSFET
Hump  Characteristics  Occurring at  STI
Channel Edge,” Journal of Korea Society for
= Simulation, Vol. 11-1, pp. 23, March 2002.
glo] 43 A4S =9l B9 Ad ddold HE A
= A28 WSW(Wrap Side Wall) 7%8 &A=
AHREN AAE EUoEA dllElo] dEie dA &
oAk B =Reld Add WSW Aabe e
Capping S ©1%7] ¢&l ILD1 HLD1 layerE® AA3lA
71&9] Open capping 7% TS g8 HedtogA
LPC CMP 2% Zoll AT F S 789 AFEE oA
3l 2 A A ARZEE] (Nit) =o] Ziefele] F4<E o b |
AgozA G- o 4 dtxE el F gl
o
AL WSW T2 AAE Zo|7] H¢ wHZoR ¥
o] slom WSWet 71 299 gd7feje] BAR Hlwst
ot =g AC Sl €8s A A Brts] A
o b7, w1 AZH, e B71E 23 HaE
Hel& AASATE. T8 On-chipolld] WSW &AE o] &
sl AC ZEd#s z2dd digd dtsfelo] EskHot

Az

19899 290 RFHL AT
220D

19014 29 AFHea AAwest
Ul 39 G}

20024 89 AFThE AAFIH
Ul 59 G}

19913~1997

carrier degradation)S4<% E4C2ZR AC ¢ DC F (39 Zokel i ] A7)
o 84E A9ttt Onchipdlld AC AE#2dd 9t 19974 39~19084 29

10% Idsat ¥3h= 38MHzellA DC Bk o] 73ul% E7e} g me
= BHE 5y 19984 39~ A

SHEEINNE AR}
(2ol YA 2AEA | we]a
23XZAN, PCB YKl &

=t of 7}

O - H
S| 19979 29 AFdekn Az
=9
200003 8¢ AFiska dukiiekd
watal A A
(11 Y. Leblebici and S. M. Kang, Hot-Carrier ﬁ;%ﬁ* Ak

Reliability of MOS VLSI Circuits, Kluwer
Academic Publishers, 1993.

(2) N. Shimoyama. et. al,. "Enhanced Hot-Carrier-
Degradation in LDD MOSFET’s Under Pulsed
Stress’, IEEE Trans. Electron Devices, vol. 42,

20033 9 €~ A
Zudetn wideld JuEdE
e} g

(@IFep WA B2, mlol
x5



