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We report on the growth of high quality La,;Cay;MnO; (LCMO) epitaxial layers by pulsed laser deposition. The effect of
substrate temperature on structural, magnetic and transport properties of LCMO has been investigated. Single-crystal
epitaxial layers have been successfully grown on (100) LaAlQ; at relatively low substrate temperatures between 600 °C and
750 °C. It is confirmed that 700 °C is the most suitable substrate temperature. We investigated the effect of substrate
temperature on the properties of LCMO epitaxial films.
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Introduction was maintained at 45 mm in all experiments. The target
and the substrate holder were kept at a certain rotation
The colossal magnetoresistance (CMR) in Ry 7A¢3MnO; speed to obtain homogeneous thin films. The thickness

(R =trivalent rare-earth ion, A = divalent alkaline ion) with of all thin films was about 200 nm which was controlled
a perovskite structure has aroused great interest in these by an estimated deposition rate by a surface profile meter.
materials. The CMR effect in these materials makes them During the deposition, the substrate temperature was held
good candidates for magnetic random access memories at a number of temperatures from 600 °C to 750 °C at
and read-head applications [1-3]. Among various techniques intervals of 50 °C. The heating was performed with an
to prepare a thin film, pulsed laser deposition (PLD) is average heating ratio of 20 K -minute™' and cooling was
a powerful and versatile method for synthesis of good applied after the deposition in a vacuum chamber. During
quality thin oxide films with a uniform composition [4, 5]. the deposition process, the oxygen partial pressure in
Since most applications require thin films with good the chamber was maintained at 39.9 Pa.

magnetic and electrical properties, it is of great importance The thickness of the thin films was checked by a JSM
to prepare high quality epitaxial films. Recently, growing 5610 scanning electron microscope (SEM). The structural

attention has been paid to enhance the magnetic property properties of the Lay,Cay;MnOs; films were analyzed
[6-9]. However, previous reports have not systematically by high resolution X-ray diffraction (HRXRD, Cu K,
investigated the effect of substrate temperature on the A=0.15406 nm) and the scans were performed with
Lay;Cay3MnO; (LCMO) layers. 0.02°0 step size in the 26 range of 20-80°. The surface

In this study, we report on the growth of high quality morphology of the films was examined with a Veeco
LCMO epitaxial layers by PLD. The effect of substrate D3100 atomic force microscope (AFM), in the tapping

temperature on the properties of the LCMO has been mode on 10 pm? surface areas. M-T curves, resistivity

investigated. (Q-m) and magneto resistance(MR%) were measured

with a Quantum Design Physical Properties Measurement

Experimental System (PPMS) over a temperature range of 20-320 K.

LCMO films were deposited on (100) LaAlO; substrates Results and Discussion

by PLD using a KrF pulsed eximer laser (A = 248 nm)

at a laser fluency of 2-3 J/cm? with a laser frequency of We checked the thickness of LCMO films grown on

10 Hz. The target was prepared by the usual solid state LaAlO; substrate by SEM. The thickness of films was fixed

reaction method with a mixture of precursor La;Os3, Mn, O3, at 200 nm by controlling the deposition time, which was

and CaCOs. The distance of the target to the substrate based on the calculated deposition rate. Figure 1 shows

a typical XRD pattern of LCMO film grown on LaAlO;

*giqefggrlsclsinzg 1§u§h701rz:t substrate. According to the XRD patterns, the existence

FZx; 187-55-262-6486 of only (100), (200) and (300) pseudo cubic reflections

E-mail: bhkoo@changwon.ac.kr of the film and substrate reveals that the film has grown
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Fig. 1. XRD pattern of a LCMO film prepared on a LAO (100)
substrate.
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Fig. 2. FWHM of LCMO films prepared on the LAO (100)
substrates.

epaxially. This is the same as that reported by S. Canulescu
et al [11].

In order to determine the optimum substrate temperature,
HRXRD were carried out. Figure 2 shows the relationships
between the FWHM values of the LCMO epitaxial
layers and the substrate temperature. FWHM of out-of-
plane (ow-scan) shows that the FWHM of films decrease
from 600 °C to 700 °C, on the other hand, when the
temperature exceeds 700 °C, the FWHM greatly increases.
This can be explained that below 700 °C, an increase in
temperature is beneficial to promote uniform orientation
of the nucleation and to enhance the migration and
diffusion of the atoms for growth. When the temperature
is 750 °C, however, the number of thermally introduced
defects in the epilayers increases substantially, and
this is disadvantageous to growth. Therefore, it is
confirmed that 700 °C is the most suitable substrate
temperature.

Figure 3 shows that the surface morphology measurements
which were done in the tapping mode of the AFM. The
scans have been performed across an area of 10 x 10 um?
in order to get detail information about the topography.
We note that as the substrate temperature increased
from 600 °C to 700 °C, at intervals of 50 °C the surface

c)

Fig. 3. AFM scans of the LCMO films prepared on the LAO
(100) substrates at different temperatures: a) 600 °C, b) 650 °C,
¢) 700 °C, d) 750 °C.

25

20

[ ENPUN IPUR INPRS NP SRNPRN PR SR RRPUN SRR BRI SRR R
560 580 600 620 640 660 680 700 720 740 760 780 800

Temperture('c)

FIg. 4. RMS of the LCMO films prepared on the LAO (100)
substrates at different temperatures.

root mean square (RMS) roughness of the films decreased.
On the other hand, when the substrate temperature was
750 °C, the RMS values were higher (Fig. 4). This indicates
that 700 °C is the turning temperature point. For the
depositions at 700 °C and 750 °C, the numerical values
of the RMS are 3.13 and 6.15 nm, respectively. The
substrate temperature has an influence on the film
topography [11]. The reason why the RMS increases can
be explained that an insufficiency of atom migration
causes a few mountains to grow on the film surface
below 700 °C, while on the other hand, the grain size in
films begins to grow quickly at 750 °C.

Figure 5 shows the temperature dependencies of the
magnetic transition from a paramagnetic phase into a
ferromagnetic, Curie temperatures (T,), phase under a
magnetic field (2 T) by a quantum interference device
(SQUID) system. The curie temperatures of 249 K for a
substrate temperature of 600 °C, 257 K of 600 °C,
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Fig. 5. M-T curves of the LCMO films prepared on the LAO (100) substrates at different temperatures.

Table 1. Currie Tempertur(T,) of the LCMO films

Substrate(°C) T. (K)
600 °C 249K
650 °C 257K
700 °C 262 K
750 °C 246 K

262 K of 700 °C and 246 K of 750 °C were obtained
(Table 1). These results show that T, is increasing until
700 °C but a drop occurs suddenly at 750 °C. It can
clearly be seen that T, has an opposite tendency to the
FWHM.

The magneto resistance (MR%) of the LCMO thin films
at different temperatures was measured in a temperature
range from 100 K to 300 K in the presence of 3, 7 Tesla
magnetic fields and the corresponding data is plotted in
Fig. 6. MR is defined by MR = (R(0) — R(H))/R(0) where
R(H) is the value in the applied field and R(0) is the
value in none external applied field. It is observed that
at Hy. = 3, 7T, the maximum MR value is around T, [12].
Figure 6 shows the temperature dependent magneto
resistance (MR%) of the LCMO thin films at 700 °C
with different magnetic field (Hy. = 3, 7T). The observed
values of the MR are 66.9% at 200 K for the film with
Hg. = 3T and a little increase to 84.8% at 210 K for the film
at with Hg. = 7T. It can be clearly seen that the maximum
resistance was observed near T, and it is also clear that
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Fig. 6. Temperature dependent magneto resistance (MR%) of
LCMO thin at 700 °C with different magnetic field (H = 3, 7T).

the maximum MR value of the film has a 10K shift at
room temperature with higher magnetic field.

Conclusions

LCMO thin films were prepared by PLD on (100)
LaAlOj; substrates from 600 °C to 750 °C. We confirmed
that 700 °C is the most suitable substrate temperature. All
the films was crystalline and epitaxial. XRD and AFM
analyses show that when the substrate temperature is 700 °C,
we obtained high quality epitaxial thin films compared
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with other conditions by observing the RMS and FWMH.
In addition, at 700 °C, the curie temperature (T;) is higher
than the other conditions.
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