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Epitaxial growth of Y ,03:Eu thin films on LaAlO ;5
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We report the epitaxial growth of europium-activated yttrium oxidg@y.Eu) (001 thin films on
LaAlO (001) using laser ablation deposition at a substrate temperature of 775 °C and 10 Hz pulse
repetition rate. The orientation relationship between the films and the substrates is
[110]Y,04l[100]LaAIO; and[ —110]Y ,04l[010]LaAlO5 which results in a lattice mismatch of only
0.8%. Transmission electron microsco@EM) of the films reveals the single crystallineQ5:Eu

thin film to contain small pores. Scanning transmission electron microg&i¥iyM) imaging of the

films shows the substrate always terminates with the Al sublattice. Moreover, the STEM reveals that
no precipitates of Eu had formed in the films. 99 American Institute of Physics.
[S0003-695(199)05441-9

Numerous efforts have been made to prepare yttriunC,.%° Eight yttrium atoms have th&; symmetry and the
oxide (Y,03) thin films for applications in ultralarge scale other 24 atoms have th&, symmetry. From the crystallo-
integration(ULSI) gate insulators, ULSI capacitors, and, by graphic structure one can deduce that the distance of two
addition of a suitable dopant species, for electroluminesneighboring Y atoms along thél00) direction of YO is
cence devices:* Single crystalline thin films are of great 0.5302 nm, and along th¢€l10) direction it is 0.375 nm.
importance for devices because of their reduced defect con-aAlO3 (LAO) is a rhombohedral structure with lattice pa-
tent which can result in improved properties. Thus, growth offametersa=0.378 nm,#<90.5°, very close to a cubic struc-
single crystal films has attracted much attention, and in théure. The lattice mismatch with tH&10 direction of the YO
past decade many different deposition techniques and sulss therefore less than 0.8%, and so we would anticipate epi-
strates have been tri@d® Fukumoto, Choi, and taxial growth of single crystalline YO thin films on the LAO
co-worker§® reported the heteroepitaxial growth of,, (001 substrate to be feasible. _

(YO) films on silicon, but the atomic structure of the inter- E_U ?fgg’ated YO thin films were deposited by laser
face was not determined. In this letter, we report the epitaxia?blat'or? on (001 LAO substrates at a temperature of
growth of YO thin films doped with~4 wt% Eu on a 775 °C and a deposition rate of 10 Hz. Pulses from a Lambda

LaAlO; substrateZ-contrast scanning transmission electronPYsik 305i lase(wavelength 248 nm, pulse length 25)ns
microscopy (STEM)** is employed to directly image the are passed through a quartz window to irradiate the phosphor

atomic structure of the film/substrate interface. Eargetl rg_a;enal, J ?:Eu’ ctrheatlng e:n egpt)ﬁmdmg {)Iutme. The
It is well known that the ¥O5; has aC-type rare-earth ypica dls ance de W(?fn € target anc (talsuzsorag 52) /S
sesquioxide structure, closely related to the fluorite structur M, and energy densities were approximately .t-3.o Jjcm
: - he films were grown on LAO to a total thickness of 0.3
with a cell parametera=1.060nm and space group

. . . . m, in an oxygen ambient pressure that ranged from 50 to
T/(1a3).3518 In the fluorite lattice, each cation is sur- Y9 P g

. . 600 mTorr. Rocking curve measurements indicate a full
rounded by eight anions located at the corner of a cube. Th\?/idth at half maximum(FWHM) of 0.1°. Cross sectional

C-type structure is. derived by removing one qga}rter of O%Yslices were obtained by cutting the LAO along {i®0] or

gen atoms and sll_ghtly rearranging the remaining Griés. [010] directions(using pseudocubic indexipngnd then glu-

For 75% of the cations the vacancies lie at the ends of a faciﬁg face to face in the usual way. Both plan view and cross
diagonal, while for the other 25% they lie at the ends of aggction specimens were prepared for transmission electron
body dlagonal. Therefore, each yt.trlum atqm is S“rrounde%icroscope(TEM) and/or STEM observations by mechani-
by only six oxygen neighbors forming two different types of ., grinding, polishing, and dimpling, followed by Ar-ion
distorted octahedral structure in the unit cell, calidand milling using an E. A. Fichione ion polishing system, a 13°
incident angle, and a beam voltage of 3.5 kV initially, reduc-
a0n leave from Beijing Laboratory of Vacuum Physics, Institute of Physicsing to 1.0 kV for final milling. TEM bright field images and

& Center for Condensed Matter Physics, Chinese Academy of Scienceglectron diffraction patterns were recorded in a Philips EM-

Beijing 100080, P.R. China. . L
YNow at National Renewable Energy Laboratory, 1617 Cole Blvd. Golden,400 electron microscope operated at 100 kneontrast im

CO 80401-3303. aging was conducted in a VG HB603 STEM at 300 ¥
PElectronic mail: pky@ornl.gov Figure 1 is a low magnification TEM micrograph and
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FIG. 1. Plan view TEM imagda) and corresponding electron diffraction
pattern(b) of a laser ablation deposited YO:Eu thin film, showing the for-
mation of a good single crystalline film containing numerous voids. The
electron projection is along th@01] zone axes of the YO:Eu crystalline
thin film.

corresponding selected area electron diffraction pattern
(EDP) of a plan view sample of the YO:Eu thin film. The
diffraction pattern indicates an almost perfect single crystal
film, but the image shows numerous small voids, suggesting
an island growth mechanism with incomplete coalescence of
the islands.

A cross section image of the sample is presented in Fig.
2(a), showing the smooth surface, sharp interface, and a uni-
form thickness of 300 nm maintained over the entire region.
Figure 2 also shows selected area EDPs of the (idjrand

the LAO substratéc), showing the orientation relationship ‘ Y OLa @Al

to be [110]YO”[1OO]LAO a.'nd .[_110]YO”[010]LAO' The FIG. 3. (a) Z-contrast STEM dark field image showing the atomically abrupt
COlumna_r Stl’UCtUI’E: of the film is a]so apparent from_the CrOS$hterface,(b) higher magnification image showing clearly the Al terminated
section image, with small rotations between neighboringsubstrate, as shown in the schematic.

grains giving the strong diffraction contrast. Each individual

column, however, appears to be a good single crystal, whichrains. The dominant direction of the voids is not crystallo-
implies that the presence of the voids may avoid the need fa§raphic, suggesting that it is related to the deposition direc-
a high density of dislocations between the grains to accomyon not being normal to the substrdfeThe sample was not
modate the rotations, and/or a high level of stress within thggtated during film deposition.

In order to determine the detailed interface atomic struc-
ture, high-resolutionZ-contrast STEM imaging of the
samples was carried out. Thcontrast image is a direct
image with intensity highly localized about the atomic col-
umn positions and approximately proportional to the mean
square atomic numbe®). Thus the La and Al columns in
LAO, and the Y columns in YO, are directly distinguishable
in a Z-contrast image taken along th@10] zone axis of the
LAO substrate. Figure(d) is an atomic resolutiod-contrast
STEM image of the film/substrate interface. The bright spots
in the film are Y columns, the bright spots in the substrate La
columns, and the less bright spots Al columns. The O col-
umns are not visible. Also shown in Fig(l8 is a higher

magnificationZ-contrast image that shows clearly the atomic
FIG. 2. Cross section TEM imade) and corresponding electron difffaction - giryctyre of the interface. The substrate is seen to terminate
patterns of the as-grown YO:Eu filth) and the LAO substratéc) showing . . .
the orientation relationship to be [110)YOI[100LAO and  With the Al plane, which matches directly onto the Y layer of
[—110]YOI[010]LAO. the film as shown in the schematic.
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6600 00 0 6000 0o0oc Al001]o by laser ablationZ-contrast STEM reveals the substrates are
b o 2.9, o L.%.%.% . 101 always Al terminated, and no evidence of nonuniform Eu
2,0 0 0 0 0 0 distribution was found.
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