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Investigations on the Relations between Crystal Structure and
Abstract

Electrical Properties of ZrO, Thin Films

ZHANG Ning-lin, SONG Zhi-tang, XING Su, WAN Qing, LIN Cheng-lu
(State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of

Microsystem and Information Technology, The Chinese Academy of Sciences, Shanghai 200050, China)

ZrQ, thin films were deposited on Pt/Ti/SiO,/Si and SiO,/Si substrates by pulsed laser deposition
=

(PLD), respectively. Spreading resistance profile (SRP) was used to study the resistivity distribution across the

ZrO; thin films. The relations between the crystal structure and substrate temperature were tested, using X-ray

diffraction (XRD). The surface roughness of ZrO; thin films is measured accurately and the influence of the crystal
structure of the ZrO, thin films on their electrical IV characteristics is birefly discussed.
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Table 1 Brief table of the development of central processing

unit in accordance with Moore Law

Central processing

unit (CPU) Production year  Transistors

4004 1971 2,250
8008 1972 2,500
8080 1974 5,000
8086 1978 29,000
286 1982 120,000
386™ processor 1985 275,000
486™ DX processor 1989 1,180,000
Pentium processor 1993 3,100,000
Pentium [[ processor 1997 7,500,000
Pentium [l processor 1999 24,000,000
Pentium 4 processor 2000 42,000,000
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Fig.1 Sketch of the process of pulsed laser deposition
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Fig. 2 Spreading resistance profile of ZrO, thin films
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Fig. 3 XRD spectrum of ZrO, thin films deposited at

different temperatures
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Fig.5 Typical -V characteristic curve of the
sample (deposited at 700°C)
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Table 2 Leakage currents of samples prepared at different

temperatures with gate bias at 5 V

Leakage current when

Sampl
ampies gate bias at 5 V /A ¢ cm ™ ?

Substrate Temp. 400°C 1.299X1077
Substrate Temp. 600C 6.987 X101
Substrate Temp. 700°C 9.035X10°°

Bl 5 25 By SEAT IR IR BE 9 700 C B ik Y it A
FV e 2. AHRHHMEE D 5V iEXh Rz A s 5 H
TLEIR/ANIER 2 s . MR RHE AT DL TR
1B 400 C ek, By 7 A4 I B i He 600 C A 700°C
FER B E R 2~3 DR S, TR 2 (121 B
ot VR B T RO R RS AL A IR R BE O 600 C AN
700 CHHE R AL I L AR H /. PR AR MBI
5D AT LAk A A TR < X T 8 r B B 0 K RSH Y A
TER UL » 2 &R W IE b U B T AR B B AR R 3 50 X 2
BRI hy L 22 T F o SRR R AR U R R A B T
T 400 CAE KK ZrO, W b T8 % /Y dh i, P 1T AH
X Y FEL R K 5 T 24 3L BE R 600 °C B, AR R T
P 7 2 I 1] 2 R — 1 BT LA T L O A RE AR X 1R
BIBCE 5 05— T e TR IR = B0 (A0 B
TE 9 A BT 2 38 O T VAR ) R T HEL RS B2 e A P
S0, T 2 T RS B2 o 3o I A P 22 R R, TR T
FEL L BB 7 A 9 TR RS T

10

11

12

13

14

15

16

characterization of Al;O; on Si from thermally oxidized
AlAs and Al [J]. J. Crystal Growth, 1999, 201/202:
652~655

Tang Jinfeng, Liu Xiaoyan, Wang Wei et al.. Epitaxial
growth of CeO, films on Si (100) substrate and its
electrical properties [J1. Chinese J. Semiconductors (¥
F4RFR), 2001, 22(7) :865~870 (in Chinese)

Zhang Ninglin, Wan Qing, Song Zhitang et al.. High
quality ZrO, thin films deposited on silicon by high
vacuum electron beam evaporation [J]. Chin. Phys.
Lett. , 2002, 19(3):395~397

Wen-Jie Qi, Byoung Hun Lee, Renee Nieh e al..
High-K Gate Dielectrics [ C]. California: Part of the
SPIE Conference on Microelectonic Device Technology
Il Santa Clara, California, 1999, 3881(9):24~32

T. Ngai, W. J. Qi, R. Sharma e al.. Electrical
properties of ZrO, gate dielectric on SiGe [J]. Appl.
Phys. Lett. , 2000, 76(4) :502~504

Wen-Jie Qi, Renee Nieh, Byoung Hun Lee e al..
Ultrathin zirconium silicate thin film with good thermal
stability for alternative gate dielectric application []J].
Appl. Phys. Lett. , 2000, 77(11) :1704~1706

H. Asaoka, Y. Katano, K. Noda. Epitaxial growth of
zircoonium dioxide films on sapphire substrates [J].
Applied Surface Science, 1997, 113/114:198~201

T. S. Jeon, J. M. White, D. L. Kwoong. Thermal
stability of ultrathin ZrO, films prepared by chemical
vapor deposition on Si(100) [J]. Appl. Phys. Lett.,
2001, 78(3):368~370

Weimin Huang, Jianlin Shi. Properties of zirconia films
dispersed with PbS nanoparticles [J]. J. Mater. Res. ,
2000, 15(11):2343~2346

F. Hanus, L. D. Laude. Pulsed laser deposition of
polycrystalline zirconia thin films [J]. Applied Surface
Science, 1998, 127~129:544~548

Ling Hao, Shi Wei, Sun Jian & al.. Preparation of
aluminum nitride films using pulsed laser deposition
[J]. Chinese J. Lasers (F B #k), 2001, A28(3):272
~274 (in Chinese)

J. Lin-Kwang, S. Ramey, J. M. Reynes et al.. The
role of spreading resistance profiling in manufacturing
control and  technology  development [ J .
Microelectronics Reliability , 2000, 40:1497~1502

T. Clarysse, P. Eyben, T. Hantschel ez al.. Towards
sub-10 nm carrier profiling with spreading resistance
techniques [ J]. Materials Science in Semiconductor
Processing , 2001, 4:61~66

D. A. Muller, T. Sorsch, S. Moccio e al.. The
electronic structure at the atomic scale of ultrathin gate
oxides [J]. Nature, 1999, 399.758~761

S.-H. Lo, D. A. Buchanan, Y. Taur & al..
Quantum-mechanical modeling of electron tunneling
current from the inversion layer of ultra-thin oxide
nMOSFETs [J]. IEEE Electron Device Lett. s 1997,
18:209

L. Manchanda, M. D. Morris, M. L. Green e al..
Multi-component high-K gate dielectrics for the silicon
industry [J]. Microelectronic Engineering, 2001, 59:
351~359



