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I EHRIR JGE R B LR E R kS0, A
T AR TE % HE-O-RE 2548 (9 (5% 7, (A% 7~ 11 oL (A
FEA p=0d, Horp Q Rl ry iy i, 5384
JLE AR d M IE R AR g, S
BIGRIE AR IE . i A R 7
T34 SRR B S Re gk Fa s (AN 16) ] T
CMOS g 280 D bR KR, DA T 32 2] 8 2 ] i HEL
FIE M. B 17 25 T AR 5 f s +
JCENT BB R 0GR, S0 ik WG (5 1 AL ) o
il 56 7 B 1= o0 2 L B M 38 0, TR 2 AR A D)
T 5.

XF T4 oo Z PR H nMOS 1977, H R F 54
HRTEVURERG o0 5 HE 196 & Sk s ints +
JGE 35 )2 WA )7 1. Hivoaki %5 A Xt He T W il
TR, R BRI 7 55 2 00 7 X B A
FIUER RN HE i kA2, R IO
fii £oe RS HE A& Wik S KR £ E 1 Sio,

A< p
--------------------- E 4
a4
©0g;
MG
Si
HfSiON
Si0,

16 SRS TR, 4 Jm B (A A ek A 3 5 HE-O-
RE {HH 45 #4541 o A A 1 L 4]0

HhTa] = YRR L , S SRk W 3 X J2 i 1 i
i % 2% B H B 4 A ARCR L U6 B AR o0 3K 9 A
MOSFETs [ F i R PLEE 2 2ok B T k/Si0, 5t
T AL A B 7. Be A, th T3 Lo R B ek g
TE—ER B B m R EE R b H, 3 RA R A
RO A FL B2

017702-8



4 I = #f  Acta Phys. Sin. Vol.60, No.1 (2011) 017702
1‘2_ @ r——— — — — — —— — — — —None
LOf 0-6r ®
Sc
>
S~
gﬁ E: 0.4 Er+Sc
o 1 H La
= hiid
g Er
=
0.2F
0.0 ) ) . X SrlI
1.0 1.2 1.4 0.0
S TLERLF A L 1
BRITER T RN 80 00 150
BRITERTIZ/pm
BT (a) BAR T X B LR AR I 5 (b) 1824 70 2 TR T2 72 568 B Fi R i g 1°

3.3. B 5HEMITRERLS HE &G k MRERER
BATHIER

M+ 5 HA TR LB e X HE He 5y kAR RE
MISEIRHEAT T )2 RIS, A DG HGE R W FE$2 5 HE
SRR 2 IR | R S T B LA R TR R g
BT TR R 7 B AR A AR Xu g5
38 15 BN PR S (reactive sputtering ) fY 7%, il 45 T
EOT =0. 62 nm [#J HfLaON #ifi, i 53 & 34 La/Hf

.  HILaON~19.0 1A
%

TSR 5i0,~7. 34A

+La R/NTF 35% I, 78 TaN/HfLaON/SiO, #i# h
2233 1000 °C LA Ly HasaR KOs A Bt B Re A 3R
FERIZE  IFH Si0, v a] J2 0 5 Bt A BT REAIR, S i
Ak 15 5 2% (W&l 18). Kirsch %8 A" e B 5%
HfLaSiO % 88, HfLaSi0/ 43 Ja& Mt %) 45 ¥4 {5 22 Jr T Pk
REAS SN T4 T AR A B F A% (Vi =0.33 V) Al
Ll A ALY IR BE (EOT =0.91 nm) LI X% 7E 1 nm EOT
T ZI 1B R Si0, 1 83% , 1 H .l T Si
AT VE R AS AR 25 IR A T B R .

[E 18  HfLaON/ILSiO /Si Z5#4 (3% HRTEM & (a)3iB ki ; (b) 1000 °C & il 4 5 o

4. BRERRRE RS

B EOCR MG AR S T HE ZEARHT &
{EL, 17 EL A3 2500 400 ) 17 A 0 44 ke B o 2. X T

nMOS T 5 , & k/Si0, SHiALIE s HE-0-RE {51
TREAS VR 1Y <5 J MR 4 A 280y R KR, £ <6 TR AL HE
Feim k/Si HE B S5 H BRAT A 1A R0 R R PR
(B {E L . R , La 82000 FE 4 = HE JEAE A i i)
A SRR AR B2 /R IE Si ST PR
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i THT 8 B 6T 30 1 S5 A 52 ) 45 5 1 3% B L1 1
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JVE R LT B A T HE S b AR
PERETS T AT 1 R P R, {EL AT T I — 2 R
ME LA A R R F. . 1) S ey d o 45 o
LB ARG H N BAE A MOS SRR U :2) 75

EL 1 v )22 77 A 8 T R SOAS 23 [ ARG 48 1 1) 300 1
TAER;3) TR AR BT B, AL BB T2
4) WA M I L OC R B 2R AHE 5 T pMOS = b/
GBI AS R B A RS R R, DL R AT g BB EOT
A LL i /N i B Vi voll-off {7352 H I I My A9
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Abstract
As the scaling of MOSFETs continues towards 45 nm technology node, it is inevitable that Hf-based high-k materials
replace the traditional SiO, as the gate dielectrics of MOSFETs. But there are still many issues to be settled. Rare earth
doping can increase the k value of dielectrics, decrease the defect densities of dielectrics and modulate the threshold
voltage shift of MOSFETs. This paper reviews recent progress, the challenge of Hf-based high-k materials, the influence of
rare earth doping on Hf-based high-k materials and its future trend.

Keywords: Hf-based high-k gate dielectrics, rare earth doping, oxygen vacancies, effective work function

PACS: 77.55.+f, 73.40. Qv

# Project supported by the National Natural Science Foundation of China ( Grant Nos. 50802005, 11074020) the Program for New Century Excellent
Talents in University (NCET-08-0035) and the Ph. D. Programs Foundation of Ministry of Education of China ( Grant No. 200800061055 ).

F Corresponding author. E-mail ; aphuang@ buaa. edu. cn

01770242



