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Abstract

Cerium dioxide (CeQ2) was used as the intermediate layer between the ferroelectric thin film and Si
substrate in a metal-ferroelectric-semiconductor field effect transistor (MFSFET), to improve the
interface property by preventing the interdiffusion of the ferroelectric material and the Si substrate. In
this study, CeQ: thin films were etched with a CF4/Ar gas combination in inductively coupled plasma
(ICP). The maximum etch rate of CeQ; thin films was 270 A/min under CF4«(CF4+Ar) of 0.2, 600
W/-200 V, 15 mTorr, and 25 C. The selectivities of CeO2 to PR and SBT were 0.21, 0.25, respectively.
The surface reaction in the etching of CeO: thin films was investigated with x-ray photoelectron
» %pectroscopy (XPS). There is a chemical reaction between Ce and F. Compounds such as Ce-Fx
remains on the surface of CeQ: thin films. Those products can be removed by Ar ion bombardment.
The results of secondary ion mass spectrometry (SIMS) were consistent with those of XPS. Scanning
electron microscopy (SEM) was used to examine etched profiles of CeQ: thin films. The etch profile
of over-etched CeQ: films with the 0.5 /m line was approximately 65° .
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Fig. 3. Ce 3d XPS narrow scan spectra of CeO:
thin films etched as a function of
CF4/(CF4+Ar) gas mixing ratio.
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Fig. 4. F 1s XPS narrow scan spectra of CeO:
thin films etched as a function of
CF/(CF4+Ar) gas mixing ratio.
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Fig. 6. SEM photograph of CeQO; surface etched
with CF4/(CF4+Ar)=0.2.

19 62 CFy/(CFstAr) 72 Ef7} 029 =
AelM Nzt CeO, %ol SEM ©® Apxlo|r
a9 6elA HE uieh o] 05 pum Bl HHE
7tXE Ce0r®] 4z G o 65" AxY 787
&€ B

4. 3 B
CeO WHE = ZY FH=vl Fuldy
CF/Ar 7k &ezutg olg3to AZsgoh

CeO; Wrete] ) Xz &£x&= of AFo] 600 W,
5 dpelojx AL -200 V, ¥EE L 15
mTorr, ¥ 7t2F %€ 30 scem, 71¥ SEE 25
C, ¥ CFJ/(CFs+Ar) 7t E¥v)7F 0291 A4
270 A/minelglen, ¢] uje] SBTY PRl wig
CeO: et Meuj= Zzb 025 021099t} XPS
¢t SIMS #4 ZAzn g CeO: et EH Ce
o} Fol 318t wrgo0g Ce-Fy BB &3y
I o] HPEL Ar o] FE g AFAHo=z
AARE AE GAd}AUD. a2=28, CeO; WG
F gioizte] 3839 4zt =8¢ 2on Ar o]
9] 2¥E Y g% Bl Hzte] AAHYL ¥
T+ AUt CF/(CFs+Ar) 7k E3n7F 029 =
AeA Aztd CeO; ¥Were) SEM ©® ApzolA
% 65 FE9 71 E71E B

ANAAAR %S =§2 Vol. 14, No. 9, September 2001,

699

(1]

(2]

(3]

(4]

(51

(6]

{7

(8]

f9]

#2 28

S. Sinharoy, H. Buhay, D.R. Lampe, and M.H.
Francombe, “Integration of ferroelectric
thin films into nonvolatile memories” , J.
Vac. Sci. Technol. A 10(4), pp.1561, 1992.
MAE, oldA, FHEE, FIF, AIY,
“Ar/CHF; &elZvlg o] 8% SBT utulo)
HE Az dsdE: 97", AV|ARA 2
=&, 139 13, pp. 183-187, 1996.
oldd, Aed, AEA, AN, AANY, 1Y
T, FEE, o¥A, fel7F, ¥Y9AN, “LiNbOs
/AIN TZ§ °|£% MFIS AAAE =z
2 BAY, 20008 S=A ARG 35
Aged?y =83, 18 25, pp.746, 2000.
E. Tokumitsh, R. I Nakamura, and H.
Ishiwara, “Nonvolatile Memory Operations of
Metal-Ferroelectric-Insulator-Semiconductor
(MFIS) FET's Using PLZT/STO/Si(100)
Structures” , IEEE Electron Device Letters,
Vol. 18, No. 4, pp. 160-162, 1997.
234, 3%4Y, A%3, “f=E AY =
(Cl/An)E ©]&% CeO, dtutel 4zt B4 o
TV, 20008 % {FH7AANE G A%
¥ =F3, 138 13, pp. 29-32, 2000.
H. W. Song, C. S. Lee, D. G. Kim, and K.
S. No, “Characterization of CeQ; thin films
as insulator of metal ferroelectric insulator
semiconductor (MFIS) structures” , Thin
Solid Films, 368, pp. 61-66, 2000.
D. S. Shin, H. N. Lee, Y. T. Kim, I. H. Choi,
and B. H Kim, “Electrical Properties of
Pt/SrBizTa:0¢/Ce0y/Si0»/Si  Structure  for
Nondestructive Readout Memory” , Jpn. J.
Appl. Phys,, Vol. 37, Part 1, pp. 4373-4376,
1998,
J. Chastain, “Handbook o X-ray
Photoelectron Spectroscopy” , Perkin
Elmer, pp. 142-143, 1992.
Z. Wu, D. Huang, X. Yang, J. Wang, F. Qin,
J. Zhang, and Z. Yang, “Identification of
induced reaction during XPS depth profile
measurement of Ce02/Si films grown by
jon beam epitaxy” , Vaccum, Vol. 49, pp.
133-137, 1998.



