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Microstructure and residual strain in La ,CuO, thin films on LaSrAIlO ,-buffered SrTiO 5 substrates
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The microstructure and residual strain of bilayer films obCaO,/LaSrAlO, on SrTiO; substrates are
investigated by means of electron-diffraction analysis and high-resolution transmission electron microscopy. In
two samples containing LaSrAlCbuffer layers with thicknesses of 37 and 75 nm, a compressive strain is
measured in the L&UO, layers. From the presence of lattice defects close to interface imperfections it can be
concluded that the thickness of these,Ca0, layers is close to the critical value for mismatch-strain relax-
ation. The strain level in the layer on the 37-nm-thick buffer is lower than that in the layer on the 75-nm buffer.

A high density of planar shear defects is observed which can be introduced by steps of the substrate surface and
by stacking faults in the film. Interfacial stacking faults are found at the interface between,eQ,and the
LaSrAlIQ, layers. Interface roughening can hinder the formation of these faults. In addition, a strong roughness
of the interface is found to induce strong lattice bending and extra strain in #@uQOg layer.

DOI: 10.1103/PhysRevB.64.075416 PACS nunider68.35—p, 68.37.Lp, 74.76-w

. INTRODUCTION venience in comparison with LaSrAjGand SrTiQ, in the
following discussion we neglect the small orthorhombic dis-
Recently considerable research efforts have been directedrtion of the LaCuQy lattice and regard it as pseudotetrago-
towards the production and optimization of thin films of nal with lattice parametera=(a3+ b3)Y%2=0.380 05 nm
electroceramic oxide materials due to their large potential foandc=cy=1.311 72 nm. Figure 1 shows the unit cells of the
application in modern electronic devick®epending on the three  compounds. In the film system  of
substrates and the preparation conditions employed, the mi-a,CuQ,/LaSrAlO,/SrTiO;, we have, according to the
crostructure of the films can be considerably different fromabove lattice parameters, the nominal lattice mismatch
that found in bulk materials with respect to the configuration(a, co— a.sao)/a.co=0.01224 for LaCuG,/LaSrAIO, and
of lattice defects and strain state. These structural featurd@isao—astd)/aspo=—0.04022 for LaSrAIQ/SrTiO;.
lead to a deviation of the electrical properties compared td he mismatch with positive sign can induce a compressive
those in the bulk. A compressive epitaxial strain in thin filmsstress in the film while that with negative sign produces a
of La,_,Sr,CuQ, has been found to increase its supercon-lensile stress.
ducting transition temperatufeThe strain is mainly due to !N the present work we report on a study by means of
the lattice mismatch between film and substrate. The actufonventional transmission electron microscdd¥M) and
strain level depends on the film thickness. When the filmlligh-resolution transmission electron microscdpfRTEM)
thickness exceeds a critical value the misfit strain is relaxe@ the microstructure and remaining strain in the LCO films
by the introduction of misfit dislocations at the interface be-9rown on the LSAO buffer layers with different thickness on
tween film and substrate. In many cases, strain is also i TIO; substrates. Our investigations are focused on the pos-

duced by a difference in the thermal-expansion coefficientSiPe effects of the thickness of LSAQO buffer layers, the mi-

between film and substrate. The strain level in the films can
be also controlled by employing suitable buffer layers be-
tween substrate and film. For instance, the superconducting
properties of LaCuQ, thin films were found to depend on
the layer thickness of a LaSrAlO buffer in the
La,CuQ,/LaSrAlQ,/SrTiO; systent

At room temperature L&£u0, (in the following abbrevi-
ated as LCQexhibits an orthorhombic structure with lattice
parameters ag=0.53346 nm, by=0.54148nm, andc,
=1.31172nm. LaSrAlQ (abbreviated as LSADhas a te-
tragonal structure with lattice parameters 0.3754 nm and
c=1.2635nm. SrTiQ (abbreviated as ST&hows a typical
cubic perovskite structure with a lattice parameter
=0.3905nm. The structure of L&uQ, is very similar to
that of LaSrAIQ,. The difference is in the small orthorhom-  FIG. 1. [100] projection of unit cells of SrTiQ LaSrAlQ,, and
bic distortion(about 0.5% of the LgCuQ, lattice. For con-  La,CuQ,.

SrTiOs LaSrAlIO, La;CuOy4

0163-1829/2001/6%)/0754166)/$20.00 64 075416-1 ©2001 The American Physical Society


https://core.ac.uk/display/34918812?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

C. L. JIA, X. H. ZENG, X. X. XI, AND K. URBAN PHYSICAL REVIEW B 64 075416

crostructure, and the defects on the strain level and distribu-
tion.

Il. EXPERIMENTAL DETAILS

Two types of LCO samples, referred to Asand B, were
prepared for the TEM investigations by pulsed-laser deposi-
tion (PLD) on LSAO-buffered(001) STO substrates. The
buffer-layer thickness was chosen as 40 nm for sarA@ad
80 nm for sampla. The thickness of the LCO layer in both
samples was 20 to 26 nm. This thickness is considered to be
below the critical value for the occurrence of significant mis-
fit strain relaxation by the introduction of interface defects. FIG. 2. Cross-sectional image of the bilayer film of LCO/LSAO
The LSAO buffer layer was deposited at a substrate temper@n STO substrate. Two horizontal arrows mark the interfaces and a
ture of 780 °C and the LCO layer at 700 °C in an atmospherertical arrow denotes a planar defect running across the interface
of pure molecular oxygen with a pressure of 100 mTorr.into the LCO layer.

Then the samples were cooled down to room temperature irF1
pure molecular oxygen at a pressure of 760 Torr. Details OL
the PLD conditions are discussed in Ref. 4.

Cross-sectional samples were prepared for TEM and H

TEM investigations. Slices of 21 mn? in size were cut

e typical feature of a-axis-oriented film. The interfaces

etween the film and the substrate and between the LCO

RI_ayer and the LSAO buffer layer look sharp as marked by
two horizontal arrows. Nevertheless, the contrast of the up-

from the film-covered wafers along tH&00) plane of the per interface appears to be better developed compared to that

STO substrate. Two of the slices were glued face to face an%!c the lower one, indicating a lower defect density and less

then embedded in epoxy resin. After the glue had been cure stortion in the nearby lattice. A high density of dark diffuse
disks of 3 mm in diameter were obtained by cutting awayllnelike contrasts can be seen starting from the interface be-

redundant epoxy. These disks were then mechanicall{¢e" the buffer layer and the substrate and penetrating in
ground, dimpled, and polished from both sides until the ost cases the full thickness of the buffer layer. This line

thickness of the central area was less thanui@ The final contrast originates from planar defects such as antiphase

thinning was performed by means of ion milling on a Sampleboundaries and shear defebtn some cases, the defects

stage cooled by liquid nitrogen. The TEM and HRTEM in- extend across the LSAO/LCO interface into the LCO layer,

vestigations were carried out on a JEOL 4000EX electrorfS indicated by an open arrow. From the lattice fringe image
microscope operated at 400 kV. Image simulations were catt-he tglcknesbs OI t2$ LSAQ Igyet; antd ;ge LCO layer tl's Tea.'
ried out using the EMS computer prograim order to clarify sured as a (.)Lrj] h nm and a lou nm, respectively, n
the experimental results. The parameters used for imag%gr'fement V\IIgBt € eﬁe_cted va gles. It th .
simulation were 1 mm for the spherical aberration coeffi- or samples, we oblained simiiar resufts on the micro-

cient, 12 nm for the defocus spread, 1 mrad for the semicorptructure morphology except for the layer thic_kness and the
vergence angle of illumination, and 11 nifor the diameter Interface morphology. In thB-type sample the interface be-
of the objective lens aperture’ tween the LSAO buffer layer and the LCO layer looks wavy,

showing a greater roughness than that in samplaccord-

ing to the measurements of the lattice image the LSAO
buffer layer is 75 nm thick and the LCO layer is 22 nm thick
A. General morphology and lattice parameters of the films in sampleB.

The lattice parameters of the LCO and LSAO layer were
determined from selected area electron-diffraction patterns
O(EPD’s). The EPD’s used are the superposed EPD'’s includ-
ing the crystallographic information of both the film and the
substrate recorded using a selected area aperture covering the
whole thickness of the film and part of the substrate. Figure
3 shows such a superposgD0] zone-axis EPD of sample
A. From the pattern the difference in theaxis between the

Ill. RESULTS

TEM investigations showed that the microstructure of
both samplesA and B looks very similar. Fully expitaxial
relations are maintained by the LCO layer and the LSA
buffer layer of the two samples with theiraxes parallel to
the substrate normal, tH®01] direction of STO. With re-
spect to the tetragonal description for the LCO compound
we obtained the orientation relationships

(001), coll (001), sa0ll (00D 570, three compounds can be clearly seen with the separation of
their {00} reflection spots. The relaxation of the misfit strain
[100],coll[ 100], sa0ll[ 100]sT0, in the LSAOQ layer is also visible from the separation of the

reflection(040 from that of STO. The relaxation in the LCO

and layer with respect to the LSAO layer can only be recognized
by checking the high index reflection spots, as marked by the
010 01 010 e L9 . .
[010]coll[ 010 5r0l[ 010570 white lines. Qualitatively, in the two samples both the epi-
between the film layers and the substrate. taxial layers show more or less strain relaxation.
Figure 2 shows a cross-sectional overview of san#ple In the calculation of the lattice parameters of the films we

The clearly visible lattice fringes in the film layers indicate referred to the reflections and the bulk parameter of STO as
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| iffracti ¢ | FIG. 4. [100] lattice image of the interface between the LSAO
FIG. 3. A superposed electron-diffraction pattern from sample buffer layer and the STO substrate. An arrow shows an interfacial

including three[100] zone axis patterns of the LCQ layer, the step which introduces a planar shear defect into the film. A misfit
LSAO layer, and the STO substrate. The orthogonal lines show thﬂislocation is located right above the step

separation of the reflection spots of the LCO layer from those of the

LSAQ layer. crystal structure, we find a similar structural behavior of the

the calibration standard in the superposed EPD’s. The detelattice defects. These defects are, in most cases, formed at
mination of the lattice parameters of the different film layersthe interface between film and substrate, induced by steps on
was carried out as follows. Firstly, the EPD’s were digitizedthe substrate surface. The density of the defects is higher in
and the centers of the reflection spots were determined usirthe LSAO buffer layer than in the LCO layer. Figure 4 shows
a center-of-mass approach and coordinated by means of tlag 100] lattice image of the interface area between the LSAO
DigitalMicrograph software package. The spots with highbuffer layer and the substrate. The arrow marks an interface
indexes were chosen in the calculation since they are welltep. Directly above this step, a planar shear defect occurs
separated from each other for LCO, LSAO, and STO, leadand divides the film into two parts with a relative shift of a
ing to a more reliable determination of the mass centersraction of a unit cell as marked by rectangles. Similar de-
Secondly, the period distances along [p&0[* and[001]*  fects were reported by Alimouss al® We found that the
reciprocal directions, corresponding(@L0) and(001) plane  gisplacement vector of the defects in the film can be differ-

spacing_s, were cr_;llculated according to the c_oordinates of ﬂl@nt, depending on the step height. At this step we also find a
respective reflection spots. The calculated distances were awzistit dislocation with a Burgers vectaf 010].

eraged in the two directions to obtain mean values for the Figure 5 shows a lattice image of(B01) stacking fault

two type distances. These mean distances were used to cal-, = -
culate the lattice parameters of the LSAO and LCO layers i%{?flfjecrlTgyt:rloBsyh?nae:acrjgi?ismgg;ksi?nBYataicr)rr?V\tlﬁeln@tlgjiul;eSAo

comparison with the standar@®10 and (001) spacing of . o ; Lo . M
STO. The calculated results are listed in Table I. In compariyvas |dent|f|ed and is denoted by Wh'te I|ne_s n tr."s image.
The stacking fault occurs clearly with the insertion of an

son with thea-axis parameter of the bulk, the LCO layers in
both samplesA and B are under compressive strain. The €Xtra plane ofLaSpO between aL.aSnO plane and an Al

level of the compressive strain of the LCO layer in sample Plane, forming a structure feature of tripleaSpO planes
is lower than that in samplB. The layer of LSAO is under Stacking along th¢001] direction. The shift in the(001)

tensile strain in samplé. The misfit strain in the LSAO plane and the spacing betwe@raSnO planes in the struc-
layer in sampleB is almost fully relaxed according to the ture (Fig. 1) is 3[110] and close tai[001], respectively. The

calculated parameters. displacement vector of the shear defects must correspond-
ingly be §[331] since no other defects occur in this area. This
B. Lattice defects and local strain type of defect can stop in the lattice leaving a dislocation

As indicated by Fig. 2, the films contain many defects. InWith @ Burgers vector having the same value as the displace-
the layers of LSAO and LCO, due to the similarity of the ment vector of the shear defect. Figure 6 displays an image

TABLE |. Lattice parameters of the LCO and the LSAO layers
on STO substrates calculated from superposed electron diffraction
patterns with reference to the reflection spots of STO. In saiple
the thickness of the LCO and the LSAO layer is 20 and 37 nm,
respectively. In samplIB the thickness values for the two layers are
22 and 75 nm, respectively.

aico Cico aisao CLsao
Axis (nm) (nm) (nm) (nm)
Bulk 0.38005 1.31172 0.3754 1.2635 FIG. 5. [100] image of the LSAO buffer layer demonstrating a
SampleA 0.3788 1.3191 0.3756 1.2706  (00) stacking fault. Two shear defects denoted by arrows are
SampleB 0.3780 1.3204 0.3754 1.2716 formed at the two ends of the fault. The white lines mark the AlO

planes.
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R e e i in image contrast of the two planes it is very difficult to
SN distinguish them from each other. Therefore we denote the
two planes asMO, (M for Al or Cu). Nevertheless, it is
easily recognizable that the spacing between two adjacent
MO, planes is smaller than that between two Alfdanes or
that between two Cugplanes in the layer matrixes. A struc-
ture model of the interface stacking fault was arranged ac-
cording to the above analysis. The best fit between the simu-
lated image and the experimental image was obtained for a
sample thickness of 5.5 nm and a defocus value-d0 nm.

The simulated image is inserted in Figay There is one
LaO or (LaSnO plane only between the twhd O, planes,
while a double plane of LaO exists between two Gu@anes

] ] ) ) o in the normal structuréFig. 1). Similar defects were also
showing such a configuration. A vertical arrow indicates agpserved in a Sr-doped LCO film on a LSAO substfaféis

shea( defect WI'Fh the same structgral feature as those in Flg),pe of interfacial stacking fault was frequently observed in
5. This defect disappears in the middle area where a d'5|00%'ample A. However, it was rarely found at the interface in
tion can be recognized. A Burgers circuit surrounding thesampIeB, which exhibits a larger roughness than that in
dislocation leads to a Burgers vecta/§)[ 031]. Sir_1ce.the sampleA. Since the two samples were prepared under the
component of the Burgers vector along #00] viewing  same conditions the different level of roughness can be con-
direction is not visible, the vectora(6)[ 031] can also be a sjgered as a factor for controlling the formation of the inter-
component of the Burgers vectoa/6)[ 331]. facial stacking faults. At the end of this type defect a shear
_In the LCO layer, the shear defects are found to occupjanar defect is usually introduced running into the LCO
either as a continuity of the defects in the LSAO layer acrossayer. Figure Tb) shows a lattice image of an interfacial
the interface, or originating from the formation of a stackingstacking fault end. A shear defect starts at the end. In addi-
fault at the interface. The stacking fault occurring at the in-tjion, we can also find a dislocation, as denoted by a vertical
terface is different from that within the LSAO layer shown in grrow, by looking at the image at a glancing angle along the
Fig. 5. Figure Ta) shows a lattice image of an interface diagonal directions.
between the LSAO and the LCO layers with an interfacial pye to the existence of the lattice defects and secondary
stacking fault. The interface can be localized by checking thg)hase precipitates, which were also observed in the films, the
c-axis parameter of the two compounds across the interfacgreas including these defects lattice distortions were ob-
area since the-axis parameter of LCO is larger than that of seryed. Therefore, the strain distribution in the LCO layer
LSAO as marked by two rectangles. The stacking atomiGnyst be inhomogeneous due to the existence of these de-
planes along the axis were identified by means of image fects. The strain state can be also changed by the different
simulations. In F|g @) the black arrows denote the AiO morpho'ogy of the interface. F|gurd£ shows a[loo] lat-
plane in the LSAO layer and the white arrows the GUO tice image of an interface area not disturbed by lattice de-
plane in the LCO layer. At the interface the gray arrows markiects. The interface between the LSAO buffer layer and the
the plane of either AlQor CuQ,. Due to the small difference |CcO layer looks perfect. Under the imaging conditions ap-
plied the contrast difference between the two layers is not
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FIG. 6.[100] image showing that a shear deféatrow) stops in
the film and leaves a dislocation.

A Wittt b SRS AR sufficient to be used in localizing the interface. The interface
POl A VG - ’a can be determined only by checking the difference in the
FYVPIN) "f’::” ALASAAL (b X - c-axis parameter of the two compounds as marked by a
AAAAAAL AP A ARAAIRANL: N dashed line. In the left part of Fig.(® two dashed line
i 3 frames denote the dimension of two LSAO unit cells stack-

ing along thec axis and a solid-line frame marks two unit
cells of LCO. The difference in the-axis parameter is
clearly seen by comparing the two type frames. In this area
/ ; the strain in the LCO layer and in the LSAO layer can be
IR AN LS RO considered as homogeneously distributed in the film plane.
Qa2 In contrast, Fig. &) shows a rough interface area with lat-
tice defects. A curved dashed line marks the interface be-
FIG. 7. (a) [100] image of an interfacial stacking fault marked twe_en the LAS_O and the LCO_Iayers_. An arrow at the top of
by two gray arrows at the interface between the LCO and the LsAdN€ interface hill points out a dislocation with a Burgers vec-
layers. The black and the white arrows show the A4@d the cu@  tora[010]. The interface was firstly determined according to
planes, respectively. The inset shows a simulated image of thénage contrast change, which can be more easily recognized
stacking fault calculated for a sample thickness of 5.5 nm and ainder a low magnification. The LCO layer exhibits a little
defocus value of-10 nm. The dashed line frame and the solid line darker contrast than the LSAO layer. Secondly, the determi-
denote the unit cells of LSAO and LCO, respectivély. A shear  nation was further verified by checking tledattice param-
defect starting from an end of the interfacial stacking fault. eters. Similar to Fig. &), the dashed line frames show two

.
1
LA
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lattice parameters of bulk materials the LCO layer in the
films suffers from compressive strain with different levels
relating to the thickness of the buffer layers. An in-plane
compressive strain level of 0.33% and 0.54% is obtained in a
20-nm LCO layer on a 37-nm-thick buffer layer and in a
22-nm layer on a 75-nm-thick buffer of LSAO, respectively.
This amount of compressive strain is sufficient to change the
properties of the LCO compourid.

At the interface between the LSAO layer and the STO
substrate we observed regularly distributed misfit disloca-
tions. This means that the thickness of the buffer in both
samples exceeds the critical thickness in the LSAO/STO sys-
tem. The thicknesses of 20 nm in sampleand 22 nm in
sampleB should be close to the critical value for the LCO
layer in the LSAO/LCO system, since dislocations with Bur-
gers vectors for relaxation of the lattice misfit were found at
the interface. This is indicative of the existence of misfit
strain relaxation. On the other hand, we note that the dislo-
cations are not isolated but usually related to other defects.
The local strain due to defects can locally increase the driv-
ing force for misfit dislocation formation and enhance the

FIG. 8.[100] images of(a) a flat and perfect interface arfd) a nucleation of the dislocation even if the thickness of the film
rough interface between the LCO layer and the LSAO layer. Thd0€s not yet fully reach the critical value.
dashed lines trace the interface and the dotted line shows the bend- The different levels of the strain in the LCO layer of the
ing of the lattice plane. An arrow shows a dislocation at the top oft W0 samples can be considered to be a result of the effects
interface hillock. The dashed line frames and the solid line framegoming from both the LCO layer and the LSAO layer. Due
denote the dimension of two unit cells of LSAO and LCO stackingto the low value of the thickness of the LSAO layer in
in the c-axis direction, respectively. sampleA, in addition to the straining from the substrate, the

geometrical constraints originating from the LCO layer must
unit cells of LSAO and the solid-line frame show two unit also be taken into account. In comparison with the thickness
cells of LCO. Thec-lattice fringes of the LSAO layer in the (20 nm of the LCO layer the 37-nm thickness of the LSAO
lower part of the image look clear and straight, indicating abuffer layer, which is sandwiched between the LCO layer
relatively perfect nature of the lattice. In the LCO layer, theand the STO substrate, is not sufficient to entirely screen the
upper part of Fig. &), one can recognize an irregularity of straining effect originating from the misfit of the LCO layer,
the image contrast which is indicative of a local change ofleading to an extra tensile strain in the LSAO layer. In this
the strain level and lattice distortion. A strong bending of thecase, the low strain level of the LCO layer in samplas
c planes of the LCO layer is evidently due to the interfacepartially based on expanding the buffer layer. In the film
hill and the dislocation. The bending can be easily recogsystem of sampl8, the buffer laye(75 nm is much thicker
nized by comparing the-plane fringes with the straight dot- than the LCO layef22 nm. The straining effect from both
ted line. the substrate and the LCO layer should be much smaller than
the case of samplA. A higher level of strain is expected in
the LCO layer than in sampl&.

Besides the general strain in the LCO layer, we found a

Based on electron-diffraction patterns, our results showocal strain variation on a microscale. The high density of
differenta-lattice parameters for the LCO layer on the LSAO lattice defects is one of the factors responsible for this. The
buffers with a different thickness on a subangstrom scale. Onther important factor is the morphology of the interface. In
an absolute scale, due to the limited accuracy of the electrorsampleB, the interface between the buffer layer and the LCO
diffraction pattern, the obtained lattice parameter values arkayer has greater roughness than that in sarplEhe lattice
not very precise. In our case, however, the relative latticémages reveal the effect of the roughness on the local strain
parameter values are easily obtained with high precision byn the LCO layer. Due to the large difference ddattice
electron diffraction. For this we employ a reference to theparameters between LSAQ.2635 nm and LCO(1.31172
STO diffraction pattern contributing to the same EPD’s ofnm), across a surface hill of the buffer layer a strong bending
the film systems. Therefore, the main deviation is the meais introduced into the lattice of the LCO layer. This strong
surement errors which are within 0.15%. On the other handhending produces an extra compressive stress in that part of
the digitized patterns and the large number of reflection spotthe LCO layer directly above the hill tip and an extra tensile
used can also improve the accuracy of the measurement Biress in the LSAO layer directly below the tip. These extra
comparison to a manual measurement directly from a diffracepposite stresses across the interface hill are equivalent to
tion pattern. Indeed, the results agree quite well with thoséncreasing the lattice mismatch locally. The value of critical
obtained from x-ray measuremenrit$n comparison to the thickness for mismatch relaxation decreases with the value of

IV. DISCUSSION
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the lattice mismatch of a system. The dislocations can betry of coming materials induced by changing the targets.
easily introduced in the area with extra stress even if the

LCO layer does not exceed the critical thickness. From the V. CONCLUSION

lattice image of Fig. &), the dislocation is likely introduced

S L . . : The microstructure and strain state of epitaxial bilayer
in this way. This dislocation located at the interface hill doesfilms of LCO/LSAO on the STO substrate are investigated

not only relax the extra stress locally but also enhance th% conventional and high-resolution transmission electron
lattice bending. The strain relating to the lattice bend Sti”m%crosco Measuremegnts on the diaitized diffraction pat-
remains in the layer. In a thin layer of LCO with such a Wavy terns perr?w)ilis us to determine the diffe?ent levels of comppres—
interface to a LSAQ layer the strain level is expected tosive strain remaining in the LCO layers on the LSAO buffer

oscillate across the tip and valley of the interface hills with R . .
respect to the value of general strain measured from the di{_?yers with different thlc_knesse_s. For a 37-_nm-th|ck LSAO
uffer layer a compressive strain of 0.33% is measured in a

fraction pattern. In order to understand the details of the2 : . ) )
! 0-nm-thick LCO layer, while on a buffer layer with a thick-
property behavior of the LCO layer, the local change of theness of 75 nm a Lgo layer with a thicknegs of 22 nm con-

strain level should also be taken into account. tains 0.54% compressive strain. A high density of planar

An important difference in the lattice defect configuration . .
between the two samples is the existence of the interfaciaﬁhear defects has been observed which can be induced by

stacking faults in sampl@. The formation of the interfacial steps on the substrate and by stacking faults in the film.

. . - . Interfacial stacking faults are found to appear at the rela-
stacking faults can be related to the relatively flat interface |r{. .

; . . . . tively flat interface between the LCO layer and the LSAO

this sample. The interfacial stacking faults were found mlaye)r/. Roughening of the interface is b}élieved to have an

most cases to have a structure of a cubiclike unit which isobstructin effect on the formation of the interfacial stackin
smaller than one-third of the parameters of the LCO and g 9

LSAO compounds. On a ough Suface coNaNNG & TG s 0oon o st of s v kvl e ot e
density of steps, which are usually a fudl parameter in '

height, the formation of the stacking faults can induce a hig nterface roughness acts by the large lattice mismatch along

density of shear defects or antiphase boundaries. This situ ne c-axis direction between LCO and LSAQ.
tion would dramatically increase the system energy. There-
fore, interfacial stacking faults at a rough interface are ener-
getically unfavorable. In contrast, the appearance of the The authors are grateful to Dr. K. Tillmann for fruitful
faults on a flat surface does not cause such problems. If thdiscussions. The work at Penn State is supported in part by
energy of the faults is relatively low it cannot be avoided atNSF under Grant No. 9623889 and ONR under Grant No.
the interface due to the possible fluctuation in the stoichiomN00014-00-1-0294.
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