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Grain boundaries play an important role in low-field magnetoresis-
tance of Lao.7Cao.aMnO3 and Lag.7Sro.3MnO3 thin films deposited by mag-
netron sputtering and pulsed laser deposition on YSZ(100) and silicon sub-
strates buffered by YSZ. Well-pronounced low-field magnetoresistance hys-
teresis was observed in magnetic fields applied in in-plane and out-of-plane
directions. High values of local magnetoresistance sensitivity d(M R)/dH in
the vicinity of the coercive field were obtained reaching up to 0.2%/Oe for
Lag.7Cap.3MnO3 samples at 5 K.

PACS numbers: 75.70.Ak, 73.50.Dn

Recently the colossal magnetoresistance (CMR) phenomenon has attracted
much attention as both a fundamental research and an applied science challenge [1].
It has been demonstrated that low-field magnetoresistance (LFMR) effects have
an important influence in bulk polycrystalline materials [2, 3], polycrystalline thin
films [4-6], and thin films with reduced epitaxy [7, 8]. It was established that the
control of crystallinity perfection of thin manganite films, such as epitaxial strain
or granularity, could be utilized for tuning of their MR properties, especially of
LFMR [6-8]. In this paper, the influence of preparation conditions during mag-
netron sputtering (MS) or pulsed laser deposition (PLD) using various substrates
on the resulting MR behaviour is investigated.

Lap.7Cag.3sMnOz (LCMO) thin films were prepared by magnetron sputtering
and Lag7SrosMnOs (LSMO) thin films by PLD using ceramic targets
(cf. Refs. [5, 6]). The substrates were monocrystalline plates (i) of Y-stabilised
ZrO, (100) (YSZ) and (ii) of silicon buffered by YSZ layers. The structure of
the deposited films was characterized by SEM and X-ray diffraction using Co
K, radiation. Magnetic measurements were carried out in an ac susceptometer
and a- SQUID magnetometer at fields up to 50 kOe. The resistivity was mea-
sured by the four-probe technique in a superconducting split-coil magnet at fields
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up to 70 kOe applied in parallel (in-plane) and perpendicular (out-of-plane) di-
rections to the sample surface. The magnetoresistance ratio was determined by
MR = [(R(H) — R(0)]/R(0).

It was shown in our previous work [5, 6] that the deposition temperature
and mismatch of the lattice constants between the manganite film and the sub-
strate have a crucial influence on the film growth. For a very low lattice mismatch
the obtained films are single crystalline independent of employed deposition tech-
nique. Here, the obtained LCMO films sputtered on YSZ substrates at a substrate
temperature Ty, = 700°C are polycrystalline consisting of a mixture of (100)
and (110) oriented grains with a size of about 50-100 nm. The influence of sub-
strate temperature on the growth of LSMO thin films on YSZ substrates resulted
in a gradual change of the grain orientation. Epitaxial growth has been found
around Ty,p = 800°C [6].

TABLE
Characteristic parameters of thin films: § — thickness of the
manganite layer, Tpeak — temperature of resistance maxi-

mum, T¢c — Curie temperature.

Samples Structure 6 [nm] | Tpeak (K] | Tc [K]
VZ3 YSZ/LCMO 208 199 225
VZ10 YSZ/LCMO 100 271 265
VZ12 YSZ/LCMO 50 266 -
VZ13 YSZ/LCMO 25 266 -

VSZ28 | Si/YSZ/LCMO | 200 246 -

B YSZ/LSMO 76 150 360
G YSZ/LSMO 76 > 320 356
R Si/YSZ/LSMO | 100 150 365

Table provides an overview of some characteristic parameters of represen-
tative films. In the low magnetic field region a well-pronounced hysteretic be-
haviour of resistance of Lag 7Cag.3sMnOg thin films was registered by in-plane and
out-of-plane measurements as shown in Fig. 1.

Both runs of MR exhibit qualitatively the same behaviour — a peak in the
low magnetic field region with a strong MR, slope and nearly a constant small
slope at higher fields. The peaks of MR for the in-plane case are located at lower
fields and their amplitudes are higher. The analysis of the MR, hysteresis for the
case of in-plane measurement has shown that the field value of the MR peak (the
so-called “switching” field Hs,,) practically coincides with that of the coercive field
H, (see Fig. 2a). Such behaviour was also found for the PLD Lag 7Srg sMnQs3 thin
films obtained by deposition at lower substrate temperatures (600-710°C). The
reason for this behaviour is that carrier transport in a granular system becomes
easier when the magnetic vectors of grains are ordered. Therefore, the resistivity
should be a maximum near the coercive field H,., where the magnetization vanishes.
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Fig. 1. Magnetoresistance ratio MR of the sample VZ3 measured at T = 20 K.
(MR*, MRexir, HA, and P are explained in the text).
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Fig. 2. Temperature dependences of (a) switching field Hsw and coercive field Hc and
(b) hysteresis amplitude HA = AR(Hsw)/R(0) of samples VZ13 and V5Z28.

The high value of the local M R sensitivity d(M R)/dH in the vicinity of the
peak has to be noted, reaching values up to 0.2%/Oe at 5 K for the Lag 7Cag 3MnO3
samples VZ13 and VSZ28. Compared with that, the high-field sensitivity of these
samples is some orders of magnitude smaller, with values of approximately
0.5 %/kOe. One can suppose that even higher values of LFMR sensitivity could be
obtained in single layer films with a high degree of misoriented grains (for influence
of misorientation angle at grain boundaries see [9]).
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It is noteworthy that the values of the low-field magnetoresistance amplitude
MR* = [MR(Hgsw) — M Rextr) are significantly influenced by the film thickness
(where M R(Hgqy) was determined at the switching field Hsw and M Reyer is the
zero field intercept of the linear high-field extrapolation of M R). Only a small
influence of the film thickness on the values of Tpeax Was observed as shown in
Table (samples VZ10 to VZ13). For example, the M R* value of a sample decreases
nearly by a factor of two in the temperature range of T' = 5 =+ 77 K by decreasing
the film thickness from 100 nm (sample VZ10) down to 25 nm (sample VZ13). The
maximal value, M R*(5 K) = 35%, was registered for the Lag 7Cap sMnO3 sample
VZ10 (thickness 100 nm) which exhibits the highest value of Tpeak.

Together with M R* also the values of the hysteresis amplitude H A strongly
decrease with increasing temperature up to 7T¢ as shown in Fig. 2b (HA is the
difference of MR values determined at Hgy and the crossing point P as marked
in Fig. 1). The temperature dependence of HA is approximately linear. A simi-
lar strong decrease with temperature has been found for the spin polarisation of
a LSMO thin film [10], that is clearly correlated with the observed decrease in
low-field magnetoresistance of bulk material [2]. The reason for such behaviour of
manganites is expected to be intrinsic. Therefore, new materials with higher T¢
and weaker temperature dependence have been proposed.

In conclusion, the influence of extrinsic properties of manganite thin films
on their LFMR has been investigated. A well-pronounced LEMR hysteresis was
obtained in magnetic fields applied in the in-plane and out-of-plane directions. The
high value of the sensitivity d(M R)/dH in the vicinity of the coercive field (up to
0.2%/0Oe at 5 K) has to be noted.
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