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ABSTRACT Epitaxial thin films of LalLLuO3 were deposited
on SrTiO3(100) and SrRuO3/SrTiO3(100) or SrRuOs3/
LaAlO3(100) substrates using pulsed-laser deposition. They
were investigated by means of Rutherford backscattering
spectrometry, X-ray diffraction, transmission electron mi-
croscopy and atomic force microscopy. Smooth, c-axis oriented
films with a channeling minimum yield of 3% were ob-
tained. The electrical characterization of Au/Lal.uO3/SrRuO3/
SrTiO3(100) and Au/LaluO3/SrRuO3;/LaAlO3(100) metal—
insulator—metal capacitor stacks revealed a dielectric constant
of k > 45 and a breakdown field of 2 MV /cm for 100 nm thick
epitaxial LaLuO3 films.

PACS 73.61.Ng; 73.40.Rw; 77.22.Ch; 77.55.+f

1 Introduction

Many alternative gate oxides are being considered
to replace silicon dioxide as the gate dielectric of future
Si-based metal-oxide-semiconductor field-effect transistors
(MOSFETsS). For the moment HfO, is the favorite material
with a dielectric constant ¥ ~ 25 and an optical bandgap of
E, =5.5¢eV. Hf-based oxide will be used in consumer elec-
tronics in the near future [1,2]. One of the drawbacks of
this material, however, is the low recrystallization tempera-
ture of amorphous HfO, films, ~ 600 °C [3]. Other materials
being investigated include ternary rare earth scandate thin
films [4] as well as binary rare earth oxides like La,O3; and
Lu,0s3, which can be grown by metal organic chemical va-
por deposition, atomic layer deposition or molecular-beam
epitaxy [5—7]. The dielectric constant of these binary oxides
is around 15, which is too low compared to HfO,, to be of
interest. Schlom et al. proposed LaLLuO3 as a possible alter-
native gate oxide [2]. An optical bandgap of E, = 5.6€V and
a x-value of 22 was reported for a LaL.uOj; single crystal in
a particular (undefined) direction [2]. Furthermore this mate-
rial has a high melting temperature of 2120 °C and has been
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proven to be stable against reduction when heated up in a vac-
uum or hydrogen atmosphere. Lopes et al. showed «-values
up to 32 and a bandgap of 5.2¢eV for amorphous LalL.uO;
films grown by pulsed-laser deposition (PLD) [8]. All these
characteristics are promising for the application of LaLuO;
in a MOSFET structure. LaLuO3 in its crystalline form has
an orthorhombic crystal structure (Pbnm (62)) with lattice pa-
rameters of a = 5.826 A, b = 6.022 A, and ¢ = 8.38 A [9]. No
literature with information about the growth and characteriza-
tion of thin epitaxial LaL.uOj3 films has been found.

2 Experimental
2.1 Thin film deposition

In this paper we discuss the properties of epitaxial
LaLuOj3 films, which were deposited by PLD. An oxygen par-
tial pressure of (1-5) x 10~2 mbar and a substrate temperature
of 500 °C to 1000 °C were applied. A pellet made from a stoi-
chiometric mixture of the metal oxides sintered at 1600 °C in
air formed the target. SrTiO3(100) was used as the substrate
as well as epitaxially grown films of STRuOj; on SrTiO3(100)
or LaAlO3(100). The epitaxial SrRuO; films comprised the
bottom electrode of metal-insulator-metal (MIM) capacitors
for the electrical characterization of the LalLuO3 thin films and
were grown with PLD as well.

The layers were investigated with respect to their morph-
ology and chemical composition by means of Rutherford
backscattering spectrometry (RBS), X-ray diffraction (XRD),
and transmission electron microscopy (TEM). Parallel plate
capacitors were formed by evaporation of ~ 100 nm thick
gold films through a shadow mask. The capacitor stacks
were investigated on a measuring station equipped with an
impedance analyzer (HP 4192A) for recording of the C-V
curves. The measurements were performed at a frequency of
10kHz and 100 kHz. A dc voltage was applied to determine
the breakdown field of the films.

2.2 Structural characterization

The stoichiometric transfer of LaLuO3 from the
target to the substrate was assessed by RBS and channel-
ing provided the first check of the crystalline quality. Both
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FIGURE 1 RBS-channeling measurement of a 360 nm thick LaLuO3 film

grown on SrTiO3(100) at a substrate temperature of 900 °C. The positions of
the different elements are marked by arrows. A minimum yield (min) of 3%
confirms the good epitaxial growth of the layer
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FIGURE 2 XRD measurement of a LaLuOs film grown on SrRuO3/
SrTiO3(100) at a substrate temperature of 700 °C. Three sets of reflections
are seen which belong to StTiO3 (x), StTRuO3 (O), and LaLuO3

results are seen in Fig. 1. A 360 nm thick film of LalLuO3
grown at 900 °C on SrTiO3(100) shows a stoichiometry which
is close to the nominal composition of the target. The ratio
La:Lulies between 1:0.95and 1 : 1.05. The minimum yield
of xmin = 3% reveals the good epitaxial growth of LaL.uO;
on SrTiO3(100). Comparable results were obtained for films
grown on epitaxial StfRuO3 on SrTiO3(100). In Fig. 2 a 6-26
XRD-measurement of a film grown on SrRuO3/SrTiO3(100)
is displayed. In addition to the substrate peaks marked by
asterisks and a set of peaks indexed by “0”, a third set of reflec-
tions arising from the LaLLuOs3 film can be observed. The set
indexed with “0” are from the epitaxial SrRuQO3 bottom elec-
trode. Compared to the lattice parameter of bulk LaLuO3 two
possibilities exist for indexing the third set of peaks. They cor-
respond to a lattice parameter of 4.21 A. Multiplied by +/2 this
equals the a- or b-axis length of the LaL.uOs single crystal and
when multiplied by 2 the value is comparable to the c-axis of

LaLuO;

FIGURE 3 (a) TEM-micrograph of a 360 nm thick LaLuO3 film grown
on epitaxial SrRuO3/SrTiO3(100) at a substrate temperature of 700 °C
(b) TEM-micrograph of the interface between LaLuO3 and SrRuOs. The per-
pendicular arrow marks a misfit dislocation at the interface of SrRuO3 and
LaLuOs (horizontal arrow)

the single crystal. TEM was used to investigate which orienta-
tion (hh0 or 00]) is present in the samples.

The microstructure of the LaLuOs; film grown on
a SrRuO3/SrTi0O3(100) substrate is shown in Fig. 3. The films
of both SrRuO; and LalLuO3 grow epitaxially on the SrTiO;
substrate. In Fig. 3a, a low magnification micrograph gives
an overview of the film morphology. The line contrast, white
and black, in the film layers relates to the lattice defects. In
the areas directly above the SrRuO3/LalLuQOj3 interface multi-
domains coexist with either the (110) or the [001] LaLuO;
directions parallel to the normal of the film. With an increase
of the film thickness, the [001] domains grow over the other
domains, resulting in a pure c-axis orientation in the top part of
the film. Misfit dislocations and stacking faults are observed at
the interface. Figure 3b shows a lattice image of the interface
between the SrRuO; layer and the LaLuOs layer. The inter-
face is sharp (marked by arrows) and misfit dislocations are
visible.

2.3 Electrical characterization

The electrical properties of the LaLuOj3 thin films
were investigated by C—V measurements. The Au/LalLuO3/
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FIGURE 4 Dielectric  constant values of Au/LalLuO3;/SrRuO3/
SrTiO3(100) (M) and Au/LaLuO3/SrRuO3/LaAlO3(100) (®) MIM capaci-
tors grown at different substrate temperatures
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SrRuO; MIM-capacitor stacks were prepared on samples
grown at different temperatures on both SrTiO3(100) and
LaAlO3(100) substrates. The results are summarized in
Fig. 4. Films deposited at temperatures lower than 600 °C
were polycrystalline and had a « of 20, comparable to the
values measured on a single crystal. Samples grown at higher
temperatures have a « higher than 40. This number is much
larger then the values published in [10]. In combination with
the results obtained from the XRD- and TEM-measurements
this value can be attributed to the permittivity of LaLuO;
along the long axis, the [001] direction, for the Pbnm setting
of LaLLuOj that we use in this manuscript. Breakdown voltage
measurements on the samples resulted in a minimal value of
2 MV /cm measured on 80 nm thick films.

3 Summary

Epitaxial LaLuOj thin films prepared by PLD were
grown on SrTiO3(100) as well as on SrRuOs;/SrTiO3(100)
and SrRuO3/LaAl03(100). The layers possess the same stoi-
chiometry as the target material and have low RBS channeling
minimum yield values (3%). They are smooth and the crys-
talline orientation of films grown at temperatures higher than
600 °C is (001) perpendicular to the substrate surface. The «
value of 45, which is significantly higher than measured on
single crystals, can be attributed to the anisotropy in the «
of LaLuO;. Here we measure the dielectric constant along
the long axis in the orthorhombic Lal.uOj; crystal structure.
A breakdown voltage of 2 MV /cm was measured on 80 nm

thin films. These results are promising for future high-« appli-
cations of LaLuO3 in MOSFETs.
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