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Strain Effects on Physical Properties
of La; _,Sr,MnQO; Thin Films

Rz 3E X} La, - Sr,MnO; 8 % 594 32 1% &R /9 % i

ZHANG H."*?, ZHANG P.X.3, ZHANG G.Y.!?, YU L.??,
G.Cristiani?, H.U.Habermeier’
(1. Department of Material Science and Engineering , University of Science and
Technology of China ,230026 Hefei, P.R .China
2. Max — Planck — Institut fiir Festkorperforschung, D — 70506 Stuttgart, Germany
3. Institute of Advanced Materials for Photoelectronics, Kunming University
of Science and Technology 650051 Kunming, P.R .China)

Both tensile strain and compressive strain effects on the properties of La; - .Sr,MnO;(x=0.1) films
were investigated. The films on SrTiO3(100) display unusual’ tensile strain''’, which supports a ferro-
magnetic metallic behavior when film thickness is larger than 10nm. The films on NdGaO;(100) present-
ing compressive strain, on the other hand, demonstrate strongly enhanced insulating behavior.

In order to obtain unambiguous results, all film samples were prepared using the same deposition
conditions. Several groups of film with thickness from 10nm to 200nm for both tensile and compressive
strain were fabricated and used to perform the related measurements. Furthermore, to be sure that the re-
sultant behaviors are mainly owing to epitaxial strain, careful analysis is done based on the comparative
study of defect models{?], different deposition conditions, other reported results’3], as well as our experi-
mental results. Because low deposition temperature (in our experiments, 790T ) tends to cause island
growth, which always results in the occurrence of the second phase (physical phase), high deposition
temperature is employed (850T ) to get single — phase samples. For the films on NdGaO; substrate, mag-
netic measurements were not carried out due to the fact that NdGaQO; is a magnetic material, which easily
blurs out the intrinsic magnetic behavior of film (due to its much smaller quantity) . We noted that the
films on NdGaOj behaves unlike bulk materials do up to 200nm!'?, which means the strain is not fully re-
leased, while the behaviors of films on SrTiO; quickly converge to those of bulk materials when film
thickness is larger than 10nm even the mismatch between substrate and film material (absolute value) for
the latter is smaller than that of the former.X — ray diffraction is performed to determine the extent of
epitaxy of films (Fig.1), the films on NdGaO; illustrate! '] orientation (because NdGaOj is a distorted
perovskite) and the films on SrTiO;, are oft®1) orientation. Physical properties are collected in
Fig.2.The resistivity on the insulating side can be fitted well using adiabatic small polaron model, in
which resistivity can be expressed as: pcC Texp(E,QKBT)m It is clear that for films under tensile
strain (on SrTiO;), insulator — metal transition is observed (Fig.2 (b)), the binding energy of small po-
laron EP becomes large with increasing thickness, while for films under compressive strain (on
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Fig.1 X-ray diffraction patterns for the films on NdGaO;(100) and SrTi0;(100) substrates.
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Fig.2 (a) resistivity vs. temperature, and binding energy of small polaron (E, as a function of film thickness) of
films on NdGaOs; (b) resistivity vs. temperature, E, and ferromagnetic transition temperature (Tc, as a
function of film thickness) of films on SrTiO;.

A model based on strain effects on Mn— O bond length and Mn— O —Mn bond angle, therefore, on
double exchange, superexchange, as well as on stability of orbital ordering, is proposed to interpret the

http://www.iampe.com 7




experimental results: when lattice mismatch is small, change in Mn — O~ Mn bond angle is dominant
and determines physical properties of films; when mismatch is large, alteration in Mn — O bond length is
the main effect of strain and determines properties of films, however it plays an opposite role compared
with bond angle; if modifications in bond angle and bond length can be comparable, the films will display
complicated behaviors, for instance, in the case of films on LaSrGa0O,(001) (not shown here).

This work is supported by National Natural Science Foundation of China under contract number of
10274026 and Yunnan Natural Science Foundation of China under contract number of 2003E0019M.
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Properties of La, _,Sr,MnG; Ultra — Thin Films on SrTi(;(160)-
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ZHANG H.V?3, ZHANG P.X."?3, ZHANG G.Y."3,
YU L.%3, G.Cristian?» H.U.Habermeier”>
(1. Department of Materials Science and Engineering» University of Science and
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In this paper» we briefly report the property difference of Lay - ,Sr,MnQ;(x= 0.1 ultra — thin films
(1001] Grientation) at different thickness grown on SrTiO;(100) substrate. It is found that the magnetic
interaction is greatly enhanced when film thickness is between 5nm — 10nm.

The film samples were prepared using standard pulsed laser deposition (PLD) technique. Transport
property and magnetic property were measured and atomic force microscope (AFM) was employed to de-
termine the growth mode of films. The orientation of ultra — thin film was exptrapolated through analyz-
ing X — ray diffraction data of thicker films. There is no any other phase (physical or chemical phase) de-
tected in the films grown at high (850C ) deposition temperature (FHDT). Furthermore. FHDT always
show step — flow growth, while the films at low (790°C ) deposition temperature (FLDT) are dominant
by island growth. simultaneously with the second phase (physical phase) showing up when film thick-
ness is larger than 10nm. Both ferromagnetic transition temperature (TC) and insulator — metal transition
temperature (TP) of ultra — thin FHDT is substantially higher than those of ultra — thin FLDT, while
the properties of very thick films gradually converge to those of bulk material. which implies that stoi-
chiometric films are achieved. In order to obtain reliable results, several sets of ultra— thin films samples
were prepared using the same deposition conditions. The difference between the physical properties of
FLDT and FHDT can be attributed to their different strain state.A distinct critical thickness (—5nm)
for ultra — thin FHDT was found, which divided the ultra— thin FHDT into two regimes according to
their quite different physical properties. The physical properties are independent of growth modes when
film thickness is less than Snm (Fig.1).A complete physical phase — diagram of FHDT is constructed
(Fig.2). Apart from strain effect, some unknown effects should be involved in, which compete and are
comparable with strain effect> when thickness is between 5nm and 10nm. There is an abrupt increase the
magnetic properties in Snm — 10nm region of FHDT: where both TC and TP of these films demonstrate
higher value than other films. The magnetic enhancement in ultra — thin films makes it very interesting
for application.On the other hand, the abrupt increase of insulating property with decreasing thickness
(below 5nm.)» which strongly suggests the existence of physics unknown to us. The behaviors of thicker

films ( >10nm) can be understood within the frame of strain effect. However, the magnetization increas
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Resistivity (Q2cm)

Temperature (K)

Fig.1 Left: temperature dependence of resistivity of 3.5 nm thickness films (FHDT): Right: growth modes, which
are corresponding to the samples for resistivity measurements on lift side. The height of step is typical one u-
nit cell (0.3 nm-90.5 nm) [(a): island growth: (b) island + ’step— flow’ growth: (c) step — flow growth ].
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Fig.2 Physical phase diagram of FHDT. E,;: binding energy of small polaron: PI: paramagnetic insulator; FI: fer-

romagnetic insulator; FM: ferromagnetic metal.

es with decreasing thickness and arrives to a saturated value in the thickness range of Snm to 10nm. This

magnetic enhancement strongly indicates that the ground state of thicker films or bulk material might be

canted Canti) ferromagnetic insulatott or a state of so— called phase separation[

2] .Moreover. we also

noted that even for ultra — thin films (5nm < thickness < 10nm), TP is always larger than

TC. Sometimes, the temperature difference between TP and TC can be as high as ~40K. To understand

the full phase diagram, further studies are needed.

In conclusions the comparative study of FHDT and FLDT: firstly. allows one to find out the opti-
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