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The target material with nominal composition ofyls81, 5sTiO5 sintered in air is an insulator and not

a single-phase compound. By pulsed laser ablation in vacuum at the multiphase La—Sr—Ti—O target,
however, highly electrical conductive and epitaxialyE8r, sTiO3 films have been fabricated on
LaAlO5(001) substrates. Structural characterization using three-axis x-ray diffrdét@d scan,
w-scan rocking curve, ang scan reveals that the films have a pseudocubic structure and grow on
the substrates with a parallel epitaxial relationship. Atomic force microscopy images show the films
have quite smooth surface, for a film 200 nm thick, the rough®gds about 0.31 nm over the 1
pumx1 um area. Resistivity versus temperature measurements indicate that the films are metallic at
2-300 K and have resistivity of 64() cm at 300 K, which is about one order lower than that of the
single-phase L@SrysTiO; bulk materials. After the same deposition procedure, epitaxial
Lay sSrp 5T103 films have also been grown on TiN bufferé@D1) Si substrates. €2000 American
Institute of Physics.S0021-89780)07014-9

I. INTRODUCTION On the other hand, the epitaxial all-perovskite hetero-

The family of perovskite oxides displays a broad r(,;m(‘:]estructures usually need to be grown on silicon substrates to

. . ; . realize their applications in microelectronics. For the integra-
of technologically important phenomena, including super-

. . S tion, buffer laye(s) will be inserted between the Si and the
conductivity, magnetism, and ferroelectricity. Due to the un- . .
. : T . multilayered oxide system due to structural, thermal, and
derlying structural and chemical similarities of these materi- : . 5_181 |4t
; . .. chemical mismatches between th&M>~8Until now, there
als, and because of recent advances in their vapor deposition

in thin film form, it is now possible to take advantage of such?'® feV.V reports on ep|ta.X|aI growth of perovskite typg (.)X'de
) D L . films directly onto the Si wafer. In general, a prerequisite of
diverse behavior in epitaxial heterostructures. Epitaxial and . Lo - .
. . . . L growing an epitaxial film on Si is that the film could be
highly electrical conductive perovskite-type oxide films have

been found useful for electrodes and junctions in such het(jepOSIteci in a reduced or inert-gas atmosphere to avoid oxi-

: . 1 dizing the surface of the Si wafer at the deposition
erostructures for oxide electronic devideé.An example temperaturé®—18 As has been reported by several aroups
of these structures was 451, sCoO;/ferroelectric/ P X b y groups,

Lay Sty sC00;, for ferroelectric nonvolatile memory cells. single-phase La., St TiO3 compounds could be synthesized

. 14 . . . e
Over the past several years, the metallic conductiy NIy in reduced atmosphet&!*indicating the possibility to

Lag <, <C00;, LaNiOs, STRUQ, and La -Sk, MnO; thin grow Lag _,Sr,TiO; directly onto Si substrates. In this ar-

films and related epitaxial heterostructures have been extefCle: We ry 10 grow LgsSio,sTiO; (LSTO) on the lattice-

sively studied-X When properly doped, La SKTiO,, a matched §ingle crystal LaAIO(LAO) substrates first. qu.
relatively newly synthesized solid soI;JtionX sxystem, aIsoreSUItS. will_demonstrate that by pqlseq laser _deposmon
shows metallic conductivity at room temperatﬂﬁ‘él.“ (PLD) in the vacuum atmosphere, epitaxial and highly elec-

Tokura and co-authors have investigated the fillis de- trical conductive LSTO films of perovskite-like structure
pendence of the metallic properties on the verge of thé:ould be grown on the LAO and TiN buffered Si substrates.

Mott—Hubbard transition in La ,SrTiO; bulk materials-?

Surely, fabrication of epitaxial La ,SrTiOjg thin films will ~ Il. EXPERIMENT

be important for both basic scientific research and actual ap- e target used for PLD of the LSTO films was made by
plications. However, to our knowledge, the growth of epitax-¢qonyentional solid state reactions in air with starting materi-
ial La; Sk TiO3 (except forx=1) films has not been re- ;4 LaOs (99.9% purity, SrCQ; (99.5% purity, and TiO,

ported yet. (99.99% purity. The nominal composition was
LagsShsTiO5. The sintering temperature was 1200-—

dElectronic mail: wuwb@ustc.edu.cn 1300°C, and during the target preparation, grinding, press,

0021-8979/2000/88(2)/700/5/$17.00 700 © 2000 American Institute of Physics
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FIG. 1. XRD pattern of the target air-sintered from the mixture of stoichio- E
metrical Lg sSrp sTiO3 composition.

and sintering were repeated three times. The LSTO films
were fabricated on LA@OL) (perovskite subcell indice®r
the TiN buffered Si(001) substrates by PLD for 15 min,
using KrF excimer lasefA=248 nm, Lambda Physik, Com-
plex 205 of 10 Hz in repetition frequency. The laser energy
density irradiated on the rotating target was 4 Jicithe
target-substrate distance was 45 mm. Before the deposition
the chamber was evacuated by a cryopump to a base pressure
of 5xX10 ’Torr, the growth temperature was 550—700 °C
and during deposition the chamber pressure wasl@ ©
Torr. After deposition the films were cooled also at the base
pressure. The thickness of the LSTO films is about 200 nm. —_

. ) ) . 0 90 180 270 360

X-ray diffraction (XRD) patterns were obtained with 4(Deg.)
CuKa radiation (Ni filter) by a four-circle diffractometer. ’
Scanning electron microscopy and atomic force miCroscopyiG. 2. XRD patterns of LSTO/LA®OY) heterostructures deposited at the
(AFM) operated in air at room temperature were employedase pressure of>210 ° Torr. (a) The XRD linear scan from the LSTO/
to characterize the surface morphology of the films. A stantA©(001 and the inset shows the rocking curve on the LEJW) reflec-
dard four-probe method was used to measure the resistivitglon' In (b) and(©), XRD ¢ scans on the LSTA20 and LAG220) reflec-
g o ons are shown, respectively.

of the films between 2 and 300 K. X-ray photoemission spec-
tra (XPS) were taken by using a monochromatized x-ray
source of MK « radiation hv=1253.6 eV) and the energy
resolution was about 0.8 eV.

El ¥ ' ] 4 J | ) 1 |
3) y t 1 + t T + t T

LAO(220)

Intensity (arb.units)

Fig. 2(a), strong reflections from LST@O01 diffraction
planes appeared and were indexed according to a pseudocu-
bic structure. Some weak peaks due to theK@uradiation

lll. RESULTS AND DISCUSSION were also indexed. The inset shows the XRD rocking curve

Figure 1 shows the XRD pattern of the air-sintered La—on the LST@002) reflection. The full width at half maxi-
Sr—Ti—0 target. It is seen that the target is not a single-phaseum (FWHM) of the curve is 0.63°, indicating good crys-
compound. Apart from reflections that could be indexed actalline quality of the film. Note that the FWHM of the rock-
cording to a pseudocubic perovskite phase, some reflectionsg curve on the LAQI02) reflection is 0.31°. Figures(B)
from other unknown pha¢® appeared. Because in air atmo- and 2Zc) show x-ray ¢ scans on the LSTQ@20 and
sphere the most stable oxide of the titanium is Juith LAO(220) reflections of the LSTO/LA@O01) heterostruc-
Ti**, when replacing the 3f by the L&, a reduced am- ture, respectively. A good in-plane epitaxy is evidenced. It is
bient is usually indispensable to decrease the Ti valence statdear that at the vacuum ambient single-crystalline LSTO
from +4.012-%The resistivity of the target material at room films have been grown on the LAQ01) substrates and the
temperature is larger then 40 cm. epitaxial relationship i$100]LSTO(001)//[100]LAO(001).

To create a reduced atmosphere for the growth of sto- The surface of the LSTO films grown at the vacuum
ichiometric Lg sSKpsTiO5 (LSTO) compound, we made use atmosphere is very smooth. Scanning electron microscopy
of the multiphase target and the vacuum atmosphere (Enages show no features of the film surface even with a
X 1078 Torr) to deposit LSTO films by the PLD method. magnification of 18 (not shown. Figure 3a) shows a typi-
Figure 2 shows XRD patterns of a typical LSTO film depos-cal AFM image taken for the same LSTO film shown in Fig.
ited at 650 °C. Although the target is not of single phase, n®. The roughnes®, over the 1umX1 um surface is only
impurity phases were recorded for the as-deposited film. 1®.31 nm. Some of this roughness is attributable to the pres-
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FIG. 4. Core-level spectra of the ;fiand Qg (the inset from as-grown
LSTO films (solid line) and the target materigtiashed ling

‘ L I target materialdashed ling Compared with the target ma-
0 100 200 300 400 500 600 700 nm terial, the absorbatéO atom) intensity in the Qg spectrum
from the film is significantly reduced, as denoted by the ar-
row. For the Tj, spectrum, apart from the peak at 458.85
eV, which is usually attributed to the atoms witH Tj a new
component at a lower binding energy of 456.6 eV appeared.
These spectra clearly reflect that the valence-state and chemi-
(b) cal environment of the Ti atom in the films and the target
material are different. The composition of the epitaxial
LSTO films was also checked by the XPS measurements and
the ratio of La:Sr:Ti was 0.44:0.56:1.02, near the nominal
ratio of the target.

Figure 5 shows the temperature dependence of resistivity
measured for the epitaxial LSTO films grown at 650 °C. A
metallic transport behavior was observed over the whole
temperature range of 20—300 K. The resistivity at room tem-
perature was about 64 cm, which is about one order
lower than that of the single-phase LaSr,TiO5 (x=0.5)
bulk materialst? Tokuraet al. found that for bulk LSTO, the
temperature dependence of resistivity could fit well by the
p=po+AT? relation and they described the transport behav-
ior by the Fermi liquid modet? For the epitaxial LSTO film,
the resistivity-temperature profile was found fit well py
FIG. 3. Typical AFM images of the LSTO film on LA@O01) substrates. In =p0+AT2'5 at higher temperatures, as shown in the inset. At

(2) and (b) the dark area and steps of about one unit height were scanned€mperatures lower than 150 K, however, the relation does
respectively.

nm|
2.0

1.9

1.8 ; ] ; f i ! . 1 i
0 20 40 60 80 nm

70 [
ence of a few voids with about 200 nm in diameter and 1.8 [ o

nm in depth, as reflected by the line scan across the dark area L ol

in the image. From the line scan analysis of the imé&be 651 & 1
area is 0.5umx0.5 um) shown in Fig. 8b), steps with ~ I %56

height of about just one lattice unit leng#.03 A) were also B ol %2 =

recorded. At present, the low roughness observed for the \% I o 4 s 12

epitaxial LSTO films is not clearly understood. In general, it S 4 10°K*>)

is believed that at reduced oxygen pressures laser—solid in- 5 y
teractions produce species with energies large enough to i

damage the solid surfaces upon which they impitigeor a L L

; ) i 0 50 100 150 200 250 300
material system that could be grown in vacuum ambient such

as the LSTO, the case may be quite different. T(K)

Figure 4 shows t_he r‘orma”ZEd_z-Eianq qS (the insel  FiG. 5. The temperature dependence of resistivity measured for the LSTO
spectra from the epitaxial LSTO filntsolid line) and the film grown at 650 °C. The inset shows dependence of the resistivifi?dn
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26(Deg.) [100JTiN(001)//[100]Si(100). The growth of LSTO films di-
FIG. 6. XRD patterns of LSTO films grown at 550, 600, and 700 °C on therectly onto the 300D substrates is currently underway.

LAO(00)) substrates. The inset shows dependence of the resistivity at room
temperature on the deposition temperature. IV. CONCLUSIONS

In summary, epitaxial and highly electrical conductive
not hold and the reduced temperature dependence is remini:éilt—)oa,:c |\I/na1§ursja::1/eo? ;e;otaé) ?gﬁfeghﬁgeEﬁl;ing;ﬁ?F%
cent of the resis@ivity—.temperature E,’“’f”e of_th_e SUPEICONy, dies indicate that the as-grown LSTO films have excellent
ducting La ,SKTiO; single crystals? The varlatlon_ln the structural and surface properties. The epitaxial LSTO films
power suggests that 'there are "?‘t least MO scattering meChﬁﬁow a metallic transport behavior at 2-300 K and a low
hisms for the e'plta>.<|a}l LSTO films. With Fh? .temperature resistivity of 64 u{) cm at room temperature. These films
further decreasing, it is noted that _th_e _re5|st|V|ty drops fast:ould be employed for both basic scientific research and the
again. We have measured the resistivity _at_I(_)wer eMperag, jrication of all-perovskite heterostructures for actual appli-
tures . and fqund that although the re5|_st_|V|ty decrease ations. The PLD procedure and the target preparation pro-
steadily, the films showed no superconductivity down to 2 K'cess used in this work may also be applicable to deposit thin

Thgsgrowth of epitaxigl LSTO films on LAO IN Vacuum i« of other oxide materials that need to be synthesized in
(2X10 °Torr) was studied at the deposition temperature

range of 550—700 °C. Figure 6 shows XRD linear scans OI(educed atmosphere, such as the La-8+0 system.

the LSTO films deposited at 550, 600, and 700 °C, respec-
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