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Fig. 1. Fabrication process and device structure of
Au/LaLuO3/Ge/Al MOS capacitor.

500
—— Raw data

La 3d$),
400 o

300
200

100

XPS internsity/arb. units

0

190 200 210 835 840 845
Binding energy/eV

B2 SR A B9 30 nm LaLuOs Wil 89 XPS i 54
HE 0%

Fig. 2. XPS data and fitting peak curves for 30 nm LaLuO;
film by co-sputtering.

096801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 9 (2025)

096801

3 SRR FATE

3.1 SEXKIEAX Ge & LaLuO; BB ZF
4 B B 2 M

S SR FH R 4 e R TR Ge #P R AR K
10 nm LaLuO; #, R Ny, Oy LLRRAE S &S
1A 3 P AR 2 R EA IR 1B KGR R 600 °C, iR
KHFTER 30 s. SR KR, X 3 FHR ok T 24
f) LaLuOy B 25 E A7 X C-V ARSI 3,
ARG 1 MHz—1 kHz, MHAZE B 3
Fi7R.

Kl 3(a) H, RAMESGE I N, 5UFLER KR, A
TEM H TR -2 V 3 2 V I C-v il &
M2V B2 VIR 2z [ A R R RYIR
e LIS 2 0 2R T S B I A O T X BB AR
b ZAT AR K1) LaLuO, 3 56 48025 o7 Bl j +H
Kb Es 7 mR R B & 3(b) AR Oy SUFEHE K
J&, T LaLuOy A sl fa b, R4 A

e, (A AR B A E S /. X 3] LaLuOs
Hl Ge FrimiAb 7R K5 A T 3R GeO, 2. 2R
FAIREA & IR A AARGUIR Ay 2 an &l 3(c)
i, AR i e A B AR, (B2 AR IR
B AE. AEL 3 el 3 Rl KO FTT fyiliak
WA 1 MHz (Y25 -H R i Ze 2z il 21 1A 4(a)
AT ILER, [RIB R BGR R A&l 4(b) Fis. AT LA
B RS B A AR R LA B
ZE-H R 2R, AR KO T LaLuO, 3
FAY AR S (R ELA RO, TR A B e AR
IR KRR R A . (B2 10 nm LaLuOj FL%F
TEAR A AR R KA 3RS A 5% A sk
0.3 V 3R .

32 WHRANIZEI Ge E LaLuO; BH
A% RE R 22

ARG Oq 1B ST LA/ NIRHiF it TR AH 23 P A5
PRI BLG, A TAR#E— 30t 1R R K

1.0 L(a) N, anneal [(b)

0.8
0.6 [
0.4

0.2

Capacitance/(pF-cm~2)

0

N3+0.1%02 anneal

O, anneal |(c)

-2 -1

Gate voltage/V

Gate voltage/V

0 1 2 —2 —1 0 1 2
Gate voltage/V

3 10 nm LaLuO3/Ge MOS Hi 2576 A [A] PR 458 T iR I e 28 - i R TR R IR BE S 600 °C, B ] J2: 30 s, KA %8 2 1 kHz—

1 MHz)  (a) &UURHL; (b) S (o) RARS U SR

Fig. 3. The C-V curves of 10 nm LaLuO3/Ge MOS capacitors under different annealing atmosphere: (a) Ny; (b) Oy; (c) No+0.1%
O,. The annealing temperature is 600 °C and time is 30 s, with frequency changing from 1 kHz to 1 MHz.
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Demonstration of ultra-thin high-k LaLuQ; gate dielectric for
Ge-CMOS manufacture in More Moore application”
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Abstract

Germanium material holds great potential applications in low-power, high-mobility field-effect transistors
because of their advantages of high electron and hole mobility, narrow bandgap, and compatibility with silicon
CMOS technologies. The development of high-quality gate oxide processes is crucial in fabricating high-mobility
Ge-based transistors, especially those with high dielectric constant for superior gate control and preferable gate
stability. Rare-earth oxides represented by LalL.uO; have high dielectric constants and high crystallization
temperatures, making them potential candidates for Ge-based metal-oxide-semiconductor field-effect transistor
(MOSFET) gate technology. In this work, a germanium (Ge)-based oxide dielectric LaLuOj is fabricated
utilizing a p-type Ge substrate with a (111) crystal orientation and a doping concentration of 1x10' ¢m 3, and
radio-frequency (RF) co-sputtering 2-inch 99.9% La,O; and Lu,Oj targets. Systematical investigations are
conducted to evaluate the effects of annealing process conditions on the characteristics of the LaLuOs/Ge MOS
gate structure under three specifically designed annealing atmospheres, i.e. nitrogen, oxygen, and a nitrogen-
oxygen mixed gas with an Ny:O, ratio of 0.999:0.001. Meanwhile, the influence of annealing pressure is also
explored. The results show that annealing in pure oxygen at atmospheric pressure can reduce the hysteresis of

gate capacitance, but it can lead to the formation of

interface layers. Correspondingly, annealing technique a6l o :}lesq;eresis - 10
based on high-pressure and low-oxygen-content (0.1% \ 1100 .
O,) atmosphere is developed, which not only improves = 32f 180 £
the LaLuO;/Ge interface quality and suppresses the é e ‘\ 160 g
oxygen vacancy generation, but also achieves an SRR 4 nm LaLuO; | ° {40 %
extremely low equivalent oxide thickness (EOT) of 1.8 nm - 120
and a hysteresis voltage of only 40 mV, resulting in an R f-pe— —_ . e o

ideal LaLuO;/Ge MOS structure. This work thus N, HPN HPNG HPO

provides a high-performance LaLuO3;/Ge gate process Annealing atmosphere

solution for Ge MOSFETsSs.

Keywords: Ge-based metal-oxide-semiconductor field-effect transistor, gate stack process, rare-earth oxide,

high-% dielectric constant
PACS: 68.35.bg, 77.55.dj, 85.35.—p, 73.61.—r DOI: 10.7498 /aps.74.20250126
CSTR: 32037.14.aps.74.20250126

* Project supported by the National Natural Science Foundation of China (Grant No. 62104102) and the Scientific Research
Foundation of Nanjing Institute of Technology, China (Grant No. YKJ201827).

1 Corresponding author. E-mail: xiaoyutang@njit.edu.cn

096801-7


http://doi.org/10.7498/aps.74.20250126
https://cstr.cn/32037.14.aps.74.20250126
mailto:xiaoyutang@njit.edu.cn
mailto:xiaoyutang@njit.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

TH 15 5 BB /R Ge—CMOSHil 1 F 68 P R A FE B LaLuO M3 T EBF 5L
@ MEA BHE
Demonstration of ultra—thin high—k LaluO, gate dielectric for Ge—CMOS manufacture in More Moore application

TANG Xiaoyu  LIU Yujie  HUA Tao

5] Fi{5 &, Citation: Acta Physica Sinica, 74, 096801 (2025) DOI: 10.7498/aps.74.20250126
CSTR: 32037.14.aps.74.20250126

TELR T2 View online: htips://doi.org/10.7498/aps.74.20250126

IS View table of contents: http://wulixb.iphy.ac.cn

AT REBOGEBR  HAN S

Articles you may be interested in

IR G i A TS 000 et VARAE T T P R P 2 A A 2 Py A S
Establishment of analytical model for electrostatic discharge gate—to—source capacitance of power metal—oxide—semiconductor field—

effect transistor

YIBR2A 4. 2024, 73(11): 118501  hitps:/doi.org/10.7498/aps.73.20240144

10 nm s & S AL - ISR AARAE P PR S R ST
Analysis of thermal noise characteristics in 10 nm metal oxide semiconductor field effect transistor

WAL 2023, 72(22): 227303 hitps://doi.org/10.7498/aps.72.20230661

—MRRETERUIRZ 800, b A Y ) AR A
A physical model of cylindrical surrounding double—gate metal-oxide—semiconductor field—effect transistor

WAL 2021, 70(15): 157302 https://doi.org/10.7498/aps.70.20202156

XGARYSIC <58 ) —F SRR R A 2 1 O 1A%
Heavy ion single event effect in double—trench SiC metal-oxide—semiconductor field—effect transistors

YIBR2EA. 2024, 73(2): 026103 hitps://doi.org/10.7498/aps.73.20231440

kit ~y SRS R NI < i SR AL 5 RO R A A 1) 2 A AROWE T R ML 234
TCAD simulation analysis of vertical parasitic effect induced by pulsed y — ray in NMOS from 180 nm to 40 nm technology nodes
PP, 2022, 71(4): 046104 https://doi.org/10.7498/aps.71.20211691

AN TEIA T Sin T8 < i R A A~ S A7 00N A R AN ) S e P ) L
Transient characteristics simulation of total ionizing dose effect on Si n—metal—oxide—semiconductor field effect transistor under

different gate voltage
YIBR2A4R. 2023, 72(13): 138501  hitps:/doi.org/10.7498/aps.72.20230207


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250126
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240144
https://doi.org/10.7498/aps.73.20240144
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230661
https://doi.org/10.7498/aps.72.20230661
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20202156
https://doi.org/10.7498/aps.70.20202156
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231440
https://doi.org/10.7498/aps.73.20231440
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211691
https://doi.org/10.7498/aps.71.20211691
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230207
https://doi.org/10.7498/aps.72.20230207

	1 引　言
	2 实验方法
	3 实验结果及讨论
	3.1 氧气退火对Ge基LaLuO3电容电学性能的影响
	3.2 两步退火工艺对Ge基LaLuO3电容电学性能的影响
	3.3 低EOT超薄LaLuO3电容制备

	4 结　论
	参考文献

