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Fig. 1 Threshold voltage shift with NBT stress
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Fig. 7 Influence of NO on threshold voltage shift

4 NBTI 3552 % 25 4 55 o B9 520 R H
N

L HCI = Z 52 NMOSFET %% 11 4 iy A
[T, NBTT 2% F 5% 0 PMOSFET #% 1F. 76
Voo X358, AT 51 10 8844 3K 3l v 3t 138 1 PR )
T 235 (¥ 3 . {5 B A R Y5 R S (R S Bk S, 7R AR
Voo IR T NBTT 5121 Vo240 BRI T 8544 1 4
i, " AE AR P ) b TR AL HCT o 33
TEAE IR . 68 R AR 2% 1 1 552 B 1A A3 iy mf LA
M S5 45 Rk AL T, B8 (1 A A A i N & E
Tares= 100°C, AVu= - 20mV FIFRHE FFEEI1.

MEWE NBTT 08 1 K 26 23 M ol LA e —
T, B /N KR Ik /N B A5 14 5 s o — i, 40
I 2 E 5 T PM OSFET (R84 4 iy, IX TR 45
ST/ U s i o O ) 1 B T B T SRR R @ S
PMOSFET. MEL E 20 B AT AT LAAG i, EARAE
PMOSFET 4] NBTT 208 LA UK (1) 25 4F 1 G ik
FIRACFNED 2 A B FEAR 1 TR, X P FE A EE R
JEx (1) ARG B b BEAR R /D; (2) W/ E8 AR
I NBTT 20, 76 T2 H ] LUR M H NBTT 24
) —AN T3 i, kR AL JE AT R B AP
ot AR B, 7E XS SR A B R, &R R e R

10’

—

=]
'
T

Device lifetime/a
-
old

—
(=]

//‘,,4/‘

0 ‘ . 04 08 12
Lyulpm

P8 AN HHC R T 2 4 T i ) A
Fig. 8 Device lifetime in different process and gate

length

(1) ATAR] A2 S 2 Bl A JLER T P /K AR E T (2)
AR IR A A R B A A, AT A e AT AR A
AN, BT UALE NBT N 330 im) A 1R /N 1 48 AL 2
P i A8 1T A5 T k. S 40 3 3ok Sk 43 o T 2 ey
A9 1 s FVHI AR 2 1) (R LI, BRAR % 7B ek,
9D BN A LR TR = RS [ RS n T T
HEAT LRSS, 55— PRI VD A (LTO), 3 =
Pl i cVD HAYI(HTO), 28 —FEdE HT O 3
FUG HEAT %Ak, AT DA e £E T2l 4 b 1 v 41k i
P BT B Ak, K T8 i 3 Ah 4 A0 0 J5E T M 2
10 5 (MR Ol ok 7 R e B SN, 5 R
POt T LA NBTT 208, K24 SicN, BLIE T &
(4 1L, AEGE B SicN, i JI5E 4 250 6 45— 5 1 X
s, 75 W2 7E LS RERT IR L5 ), X4 5]
2 PMOSFET #4455 P iR fb. 52, ok B4R
HR AL BTT A& B 88 4 n L L 25 NIAE A5 7R
A R R B D SN BT 3 LR 11, 4 /DS ST Bl % 1)
7 ety VA JEE DXk, A7 P sk /A0 4 S A 2 R ) o L
ST AR 8 8 TR 2514 1 A

5 #ie

PR A COABER | T A 5V N T N
A2 SR FEAEG H T (45 R 475 00, NBT T 28501, 328 37 1
S 0 R I P K 2 1 T S P I G B TR 6. NBTT 2%
N g E A el TR M I ) R T Bl AL T A R A AR 2
1T i1 532 W Ao BT 3 B, " S5 AR AR S HOR AR R, AT
SEm I S SRS R AN W4 DS, A 2 E
FV AR S0 A5 K 58 T NBT T 208, e &
Aok i SR P e L B AL B JEE {000 435 R G AL A i A

629



t g k¥ M 2%

ﬁ%ilju.{j:—‘i}'gggj_-m]ffju NBTI %{j\\/ﬂ{]ﬁﬂ: p* polysilicon polysilicon gate pMOSFETs induced by bias
temperature ( BT) instability. IEDM, 1995:34.7. 1

éj%}tm [ 5] Yamamoto T, Uwasawa K. Bias temperature instability in
scaled p* polysilicon gate p-MOSFET "s. IEEE Trans Elec—

tron Devices, 1999, 46( 5) : 921

[ 1] Kimizuka N. Yamamoto T. The impact of bias temperature [ 6] Chaparala, Shibley P. Threshold voltage drift in pMOSFETs
instability for direct4unneling ultra-thin gate oxide on MOS- due to NBTT and HCL. 2000 Integrated Reliability Workshop
FET scaling. Symposium on VLSI Technology Digest of Final Report, 2000: 95
Technology Papers, 1999: 73 | 71 Liu Hongxia, Hao Yue, Sun Zhi. Hot—carrier effects of deep—
[ 2] Blat CE, Nicollian E H. Mechanism of Negative-hiasHemper— sub-micron MOS devices. Chinese Journal of Semiconduc—
ature instability. J Appl Phys, 1991, 69(3): 1712 tors, 2001, 22(6) : 770( in Chinese) [ X405, FEE, k. i W
[ 3] Ogawa S, Shimaya M, Shiono N. Interfacedrap generation at BIOK M OS S 05 (1 H0 5 7 700, ok B4k 2231, 2001 22(6):
ultrathin SiO2-5i interfaces during negative-hias temperature 770]
aging. J Appl Phys, 1995, 77: 1137 [ 8] Makabe M, Kubota T. Bias-temperature degradation of

[ 4] Uwasawa K, Yamamoto T. A new degradation mode of scaled pM OSFETs: M echanism and suppression. IRPS, 2000: 205

NBTI Effect of Ultra Deep-Sub-Micron Devices

Han Xiaoliang and Hao Yue

(Institute of Mieroelectronics, Xidian University, Xi‘an 710071, China)

Abstract: NBTI effect is a key issue for the device reliability of ultra-deep-sub-micron PMOSFET devices. The influence of
NBTI effects on PMOSFET device threshold voltage shift is evaluated through experiments, and a formula derived from expe-
rience is given to solve the threshold voltage shift in NBTT effect in quantity. Device gate length, boron penetration effect and
nitride gate oxide are three important factors to the NBTI effects. and they make great influence on device lifetime. Finally,

some methods in procession are brought up to suppress the NBT effect.

Key words: ultra deep—sub-micron: PMOSFET: NBTI effects: reliability
EEACC: 0170N: 2560R: 2570D
Article ID: 0253-4177(2003) 06-0626-05

* Project supported by National Natural Science Foundation of China( No. 60206006) and Advanced Research Foundation for Military Affairs of
China( No. 41308060305)
Han Xiaoliang male, was born in 1976, PhD candidate. He is engaged in the research on reliability of MOS devices.
Hao Yue male, was born in 1958, professor, advisor of PhD candidates. He is engaged in the research on VLSI integrated circuits reliability
design, deep=sub-micron devices characteristics and modeling. novel materials and devices.

Received 10 June 2002, revised manuscript received 26 November 2002 ©@2003 The Chinese Institute of Electronics

630





