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l.Introduction
In recent yeas, high-k oxide film has gathered much atten-

tion as SiO2-eQuivalent thickness (EOT) in the gate insulator
should be reduced very much for the next-generation ULSI
fabrication. Although TazOs andZrOzfilms have been sug-
gested as a candidate, lanthanoid oxides such as PrO* and
LazO1,, atfract attention recently, because very thin film of EOT
1-2 nm has been obtained U-3]. In this paper, we have pre-
pared PrO* and other lanthanoid oxides thin films by PLD
@ulsed Laser Deposition) method and characterize these elec-
trical properties and its interfacial layer with Si.

2. Experimental
P-tlpe Si (100) wafer was cleaned by RCA method, treated

by dilute HF, and set in PLD chamber. ArF excimer laser
beam (wavelength 193 nm) was applied to Prprr cerarnic tar-
get and ablated particles are deposited on a Si substrate. The
detail of PLD condition is shown in Table I. Some of the film
have been inadiatedby oxygen radical. These films were char-
acterized by )(RD and XPS. MIS (AulPrO./p-SilAl) srructure
with active atea5.0x10'a cln2 was fabricated for elecffical char-
acterization

3. Results and I)iscussion
Surface of PrO* thin films were observed byAFM and aver-

age roughness (Ra) was calculated. Temperature dependence
of roughness was shown in Fig. 1. Roughness increased at
more than 500"C. Critical angles measured by GIXR (Graz-
ing Incidence X-ray Reflectometry) were correlated to aver-
age electron density. This increases urtil 400"C and so the
oxide thickness increases. XRD measlnement was done for

Table I Deposition condition of PrO* thin films by pulsed laser

deposition

Substrate temperature RT-600"C
Gas

Gas pressure

Laser

Oz, Nz

0.2 Ton
ArF excimer laser

Repetition frequency I Hz

the thin films deposited at various temperatures (Fig. 2). It
seems that the PrO* thin films were crystallized above 400"C.
Crystalline orientation changes at 300-400"C from (100) to
(1 11). The surface roughness is small in amorphous phase,
and increases in crystal phase.

Figure 3 shows cross-sectional TEM picture of PrO- thin
film on Si(l00) substrate with physical thickness of 5.5 nm
PfO* and2.5 nm amo{phous interfacial layer. This PrO" thin
film was deposited at 400'C in Oz gas of 0.2 Torr. C-V char-
acteristics of MIS capacitor are shown in Fig. 4. EOT of as-

deposited thin filrn is about 4.0 nm estimated from the accu-
mulation capacitance. These thin films were annealed in Oz
ambient for 30 minutes. Annealing temperature is 400.C and
600"C. Figure 5 shows J-V characteristics as a pararneter of
anneal temperature. It shows that leakage cument decreases
as anneal temperature goes up, but EOT of these films also
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Fig. 1. Deposition temperature dependences of AFM rough-
ness (left) and critical angles measured by GIXR (righD.
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Fig.2. Deposition temperature dependence of XRD patterns
of PrO* thin film.Tareet-substate distance 40 mm
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Fig. 3. Cross-sectional TEM picture of PrO* thin film on Si.
The thin film was deposited ar 40FC.
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Fig. 6. C-V characteristics of PrO* thin films deposited at RT
and the sample irradiated with oxygen radical.

that of oxygen-radical inadiated films (400"C, 5 minutes) are

shown. This treatment was carried out using radical gun with
RF discharge in Oz low pressure (2x10-s llon) to prevent grolwh
of interfaciallayer. In comparison to as-deposited thin film,
the inadiated one had thinner EOT and its hysteresis and leak-
age current decreased.

In addition, we have prepared and evaluated other
lanthanoid oxides thin films (Yb2O3, ErOr, TboO, and Sm2Or)

in the same way. These oxide thin fiIms also begin to crystal-
lize at 400oC, and has elechical properties roughly like PrO-.

4. Conclusions
P0* thin films have been prepared by pulsed laser deposi-

tion method on p-Si(l00). Crystallization and roughness of
increase above 400"C. From HRIEM observation of film de-
posited in Oz ambient, it was shown that interfacial layer
(2.5 nm) exists between PrO* and Si substrate. Leakage cur-
rent decreases by annealing, but growth of interfacial layer
wns suggested by XPS signal. Thin films was prepared at RT
in high vacuum, and treated with oxygen radical. After the
annealing, leakage current and hysteresis are improved, and
accumulation capacitance increases.

Acknowledgments
TEM obsenration of this research was supported by research

center for ultra-high voltage electron microscopy, Osaka Uni-
versity. The author would like to thank Professor H. Mori,
deputy director of this center, Mr. T. Sakata and Mr.
Y. Ukezono.

References

I I ] C. Kobayashi, et al., Exte,nded Abstracts ofthe Japan society of applied

physics and related society ,2001(2001) p.862.

l2l K. Sato, et al., Extended Abstracts of the Japansociety of applied

physics and related society,2001 (2001) p. 863.

13] T. Yamaguchi, H. Satake and A. Toriumi, Ext. Abst. Int.
Conf. on Solid State Devices and Materials, Sendai 2000,
B-5-2

-S--e_-+++ ::S-
-+-O radicalirrad.
--Fas deposited

--€-400oC 
anneal

\ -+6oooc anneal
\hl I I\ ttt | |

-e---<

-F{

--$-__

--.*-

\
tlll

as deposited
at 400oC
in Oz 0.2 Torr

ArJ/P(
Of98=l

)x/p-Si/
i.04x1Cll

\
A1 I

'acmzl \u

lra 400

o
f)t= Anat

F ouu
.=o
g 200
(s()

100

E +oo

oo
F 300
oI eoo
(U

CJ

100

nl 
,,t+:ffiv-3-2-1 0123

Voltage (V)

Fig.4. C-V characteristics of PrO* thin film deposited at 400oC,

and the treated films
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Fig. 5. J-V characteristics of PrO* thin films deposited at
400oC, and the treated film.

increases. From XPS Si 2p signal, it was found that Si-O
bond peak in annealed thin film increases. These facts sug-
gests growth of interfacial layer. The sarnple inadiated by the
oxygen radical had little change in electrical property and XPS
signal of Si 2p.

PrO" thin films were deposited at RT to prevent the growth
of interfacial layer. Figure 6 shows C-V characteristics of MIS
capacitor deposited in high vacuum (1x10'z Torr). This EOT
is almost equivalent to that deposited in O ambient. However
leakage current and hysteresis are larger. In the same figure,
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