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The effects of lattice strain on the magnetic and the transport properties of Lag gSr oMnOs3
films grown on an (001) LaAlO3 substrate and on a Lag gCap sMnOs3 layer were studied. It was ob-
served that the metal-insulator and the ferromagnetic transitions occur at higher temperatures for
the film deposited on Lag gCag oMnOs3 layer than on LaAlO3 . The dependence of Curie temperature
on the bulk and the Jahn—Teller strains were also determined.

PACS: 71.30.+h, 75.70.—i

Doped colossal-magnetoresistance (CMR) manga-
nite perovskites exhibit a strong correlation between
their lattice structure and magneto-transport proper-
ties [1]. This phenomenon becomes apparent in thin
films. The lattice strain (and stress) accumulated dur-
ing epitaxial growth of a film plays an important role
in the formation of the spin- and the charge-ordered
states, the metal-insulator transition temperature, and
the value of magnetoresistance [2—4].

The effect of the kind of single-crystal substrate on
the magnetic and the electronic properties of man-
ganite films has been investigated well [5,6]. On the
other hand, to develop hybrid devices based on multi-
layered CMR films detailed information on the mu-
tual influence between constituent layers is required.
It is expected that the magnetic and the transport
properties of a multilayer structure can substantial-
ly differ from those of the individual films of the
constituent layers. In this work we report experi-
mental results for LaggSrgoMnO3 (LSM) and
LapgCag,MnO3 (LCM) films and for a
La0_85r0_2 MHO3 /La0.8Ca0_2 MH03 bilayer (BL)

All films were prepared by rf magnetron sputtering
using a so-called «soft» (or powder) target [7]. The
total pressure in the chamber was 5 - 1072 Torr with a
3:1 Ar—O gas mixture. The substrate was a LaAlOg

(001) single crystal (LAO) with an out-of-plane lat-
tice parameter ¢ =~ 0.379 nm for pseudocubic
symmetry. The substrate temperature during deposi-
tion was 750°C. Both LSM and LCM films were de-
posited with a thickness d ~ 60 nm, and the BL was
deposited with the same thickness for each layer and
with LSM on top. The 6-20 x-ray diffraction (XRD)
patterns were obtained using a Rigaku diffractometer
and CuK, radiation. The lattice parameters evaluated
directly from the XRD data were plotted against
cos® 0,/sin 6. A more precise determination of the lat-
tice parameter was obtained extrapolating a straight
line to cos®0,/sin® = 0. The resistance measurements
were carried out using the four-probe method in the
temperature range of 4.2—-300 K and a magnetic fields
up to 5 T. The magnetization in a field up to 100 Oe
and the susceptibility at 500 Hz were obtained with a
Quantum Design SQUID magnetometer in the tem-
perature range of 4.2—-300 K.

Figure 1,a presents the 6—20 XRD scans for LSM
(curve 1), LCM (curve 2) and BL (curve 3) films.
The high intensities of the (00/) peaks show that the
deposition results in highly c-oriented films. Figu-
re 1,b shows that the location of the (002) Bragg peak
for the BL is almost coincident with that for the LCM
film. In contrast, the peak for the LSM film is dis-
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Fig. 1. =20 XRD patterns of LSM (1), LCM (2) and BL
(3) films (a). The (002) XRD peaks (b).

tinctly shifted to a smaller angle. Therefore the analy-
sis of XRD data reveals that the out-of-plane lattice
parameter for the LSM film is strongly dependent on
the substrate: ¢ ~ 0.398 nm on the LAO substrate and
¢~ 0.391 nm on the Lay gCay oMnO3 film with lat-
tice parameter ¢ >~ 0.3905 nm.

Figure 2,a displays the temperature dependence of
the resistance R for LSM (curve 7), LCM (curve 2)
and BL (curve 3) films without (filled circles) and
with (open circles) an applied magnetic field of 5 T.
The magnetic field was directed at right angle to both
the film surface and the transport current. The experi-
mental curves show that the metal—insulator (MI)
transition temperatures for both LSM and LCM films
are very close, about 230 K. The BL film undergoes a
MI transition at 280 K, which is higher than for the
individual films. The MI transition temperatures for
all samples are indicated by arrows. The inset in
Fig. 2,a shows that the R(T) behavior of the BL film
differs from that predicted by the simple two paral-
lel-resistor model (solid line), where the first resistor
corresponds to the LSM film (curve 7) and the second
one to the LCM film (curve 2). Since the lattice pa-
rameter ¢ changes significantly only for the LSM film
deposited on the LCM layer, it is reasonable to inter
that the increase in the MI transition temperature for
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Fig. 2. Temperature dependence of the resistance for LSM
(1), LCM (2) and BL (3) films without (filled circles)
and with (open circles) an applied magnetic field of 5 T.
The lines are visual aids. Inset: The experimental (circles)
and computed (solid line) dependences R(T) for the BL
film. The arrows show the MI transition temperatures for
different samples (@). Temperature dependence of the mag-
netoresistance for LSM (7), LCM (2) and BL (3) films.
The lines are visual aids (b).

BL is due to the improved magnetic and electronic
properties of the LSM film only.

Figure 2,b presents the temperature-dependent mag-
netoresistance, MR(%) =[R(0) - R(H)]100 /R(H),
obtained for LSM (curve 1), LCM (curve 2) and BL
(curve 3) film in an applied magnetic field of 5 T.
Here, R(0) and R(H) are the resistances without and
with a magnetic field. It is seen that a slight enhance-
ment in the MR for BL, with respect to the individual
LSM and LCM films, is observed only at high tempe-
ratures. In the low-temperature range the MR of BL
remains smaller than that of the LSM film and mimics
the MR(T) behavior for the LCM film.

Figure 3,a shows both field-cooled (FC) and ze-
ro-field-cooled (ZFC) temperature-dependent magne-
tization curves for LSM (curve 1), LCM (curve 2)
and BL (curve 3) films. The arrows show the corre-
sponding Curie temperatures. The LCM film mani-
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Fig. 3. Temperature dependence of the FC and the ZFC
magnetization for LSM (7), LCM (2) and BL (3) films.
The lines are visual aids. The arrows indicate the magnetic
transition temperatures for different samples. The dashed
line was obtained by simple addition of the FC M(T) cur-
ves (1) and (2) (a). Temperature dependence of the sus-
ceptibility for LSM (1), LCM (2) and BL (3) films. The
lines are visual aids (b).

fests a sharp transition to the ferromagnetic state at
Tc =230 K, in agreement with the published results
for as-grown films [3]. In contrast, the LSM film
displays a broad and smooth magnetic transition near
Tc ~ 260 K. Moreover, the absolute value of the satu-
rated FC magnetization is half of that for the LCM
film of similar thickness. The same behavior of
M(T) and a lower value of T with respect to the
bulk value have been observed previously for a
Lag g7Sr) 33MnO3 film deposited on a LAO substrate
[8,9]. It was explained by the 3-dimensional strain

Fizika Nizkikh Temperatur, 2003, v. 29, No. 8

states in the film, governed by the epitaxial mode of
film growth. The temperature-dependent magnetiza-
tion for BL is significantly different from that pre-
dicted by simply adding the M(T) values for both
individual LSM and LCM films. The dashed line
in Fig. 3,a shows the predicted curve: Mgy (T) =
= MLCM(T) + MLSM(T)! where MLCM(T) and
M sp (T) are the magnetizations for the LCM and
the LSM films, respectively. Since the thicknesses of
the individual films are similar to those of the corre-
sponding layers in BL, the added curve fits the experi-
mental data fourty well at low temperatures (in the
saturation magnetization range). However, the ferro-
magnetic transition of the BL film occurs at a higher
temperature (T ~ 280 K) than predicted. This result
confirms that a significant change occurs in the mag-
netic properties of the LSM film deposited on LCM
with respect to that on LAO.

This conclusion is supported by the temperature
dependences of susceptibility for LSM (curve 1),
LCM (curve 2) and BL (curve 3) films in Fig. 3,b.
Since the low-temperature susceptibility peak for BL
(curve 3) mimics that of the individual LCM film, it
can be concluded that the second peak belongs to the
LSM layer in the BL. It is evident that the magnetic
transition of the LSM film deposited on LCM becomes
sharper and the saturated magnetization is achieved at
a higher temperature than for a bare LSM film (see
curve 1).

Let us consider the possible mechanisms of en-
hanced magnetic and transport properties of the LSM
film on LCM with respect to that on LAO. The afore-
mentioned analysis of x-ray data showed that the
out-of-plane lattice parameter c is larger for LSM /LAO.
It is well known that LSM thin films grown on LAO
substrates exhibit an out-of-plane uniaxial tensile
strain and, correspondingly, an in-plane biaxial com-
pression [9,10]. Assuming that the film is strained
from the ideal bulk structure and that the structure is
a single perovskite, the in-plane lattice parameter of
film can be estimated from the unit cell volume in the
bulk. The bulk LajgSryo,MnOj3 compound has a
rhombohedral pseudocubic symmetry (R3c¢) with
hexagonal lattice parameters of @;, ~ 0.5517 nm and
¢, ~21.3359 nm [11]. They are equivalent to cubic lat-
tice parameters of ¢ >~ b ~ ¢ ~ (0.3871 nm and to unit
cell volume V ~ 0.058 nm®. Therefore, the in-plane
lattice parameter for our LSM /LAO isV /¢~ a =~
~ (.3828 nm, which is almost identical to the value
obtained for an epitaxial Lag 7Sty 33MnO3 thin film
[1]. For our LSM /LCM the in-plane lattice parame-
ter is larger and equals @ 2~ 0.3852 nm. This difference
between film and bulk lattice parameters leads to
the formation of the above-mentioned in-plane biaxial
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compressive strain, €109 = (@1 — @hulk )/ @pulk, and
the out-of-plane uniaxial tensile strain, ggp = (cijm —
— Chulk )/ Chulk - The calculations performed show that
€100 ~ _1.37% and €001 ~ 28 % for the LSM/LAO
and —0.49% and 1%, respectively, for the LSM /LCM.
For weaker strains and cubic symmetry the Curie point
can be expressed as, according to Millis model [12],

Tc(e) =Tc(e =O)(1 —aeg —%A 8§Tj ,

where €5 = (2499 +€gg1) is the bulk strain,e;; =
=+2/3 (ggp1 —€109) is the Jahn—Teller strain, a
= (1/Tc)dTe /deg), and A =1/ T)(d*Te /dedr).
For the last two quantities we are took the values
from Ref. 12, i.e. o = 10 and A = 1000. Using this
equation and the values obtained for £y, and g,
in our LSM film and layer we calculated the change

in Curie temperature T ¢ /TCRle ~ 1.07,
Gsm/LeMm”  GLsM/LAO

which is an excellent agreement with our experimen-
tal result Taismrem” Toismiao = 1.077. This con-

firms the strong correlation between crystal lattice
distortion and the electronic and magnetic states in
CMR materials.

In summary, the magnetic and the transport pro-
perties of Lag gSrgoMnO3 films grown on an (001)
LaAlO3 substrate and on a LaygCay,MnOg layer
were studied. It was shown that the metal-insulator
and the ferromagnetic transitions occur at higher tem-
peratures for the film deposited on Laj gCap,MnO3
layer than on LaAlOj3. The enhanced magne-
toresistance and ferromagnetic ordering in the
Lag gSrg oMnO3 /Lag gCayoMnO3 bilayer can be
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explained by lattice strain relaxation in the
Laohgsl‘o‘zMDOS film.
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