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Epitaxial thin films of ordered double-perovskite,5¢MoQ;_, are deposited 0ri001) SrTiO;
substrates by pulsed-laser deposition using a two step growth process. Selection of growth
conditions is found to lead to either highly conductive metallic thin filiresidual resistivity of

about 140 cm) or semiconducting films. The metallic films show a positive magnetoresistance
(MR) as high as 35%, while the semiconducting films show a negative MR-8%, at a
temperature 5 K and a field of 8 T. ©1999 American Institute of Physics.
[S0003-695(199)03024-1

Research on the magnetoresistafd®) effect in mag- The general features of films grown at lower temperatures
netic multilayers and oxides is currently a very active fieldare, a clean single phase with large lattice constants and high
because of the scientific interest as well as possible techneesistivity values with a semiconducting-like temperature de-
logical applications. A large negative MR has been reporteghendence. Films directly grown at higher temperatures are
in artificial metallic thin film multilayers;® “half-metallic ~ characterized by inclusion of a slight amount of impurity
ferromagnetic” oxides such as perovskite mangaritégy- phases, small lattice constants, and relatively low resistivity
rochlore manganites,magnetite$;® and in spin-polarized values. Therefore, we adopted a two step process, that is, first
tunneling configuration® 2 In contrast, a large positive a very thin layer of 5 nm is deposited at 600 °C, and then a
MR effect has been recently observed in several layerethicker layer is deposited at a higher temperature of 800—
structureg3-16 850 °C.

Most recently, interest has been emerging in the magne- The typical x-ray diffraction patterngon expanded
totransport properties of the ordered double perovskitgcalg for thin films grown using the two step process are
Sr,FeMoQ; and related half-metallic ferromagnéfslt has  shown in Fig. 1. The temperature used to deposit the thicker
been known that $FeMoQy has a double perovskite struc- second layer is 800 °C for film A and 850 °C for film B. The
ture with ionic ordering on the transition metal sites, and isout-of-plane lattice constants were determined to be 0.7933
metallic with ferromagnetiqor ferrimagneti¢ Curie tem-  and 0.7895 nm for films A and B, respectively. The observed
perature of 410-450 K%' Polycrystalline bulk samples of |arge difference of the lattice constants could be ascribed to
this ordered double perovskite exhibit large negative MRthe change in the disordering on the Fe and Mo sublattices
effect due to grain-boundary tunneling, which persists welland/or a change in the oxygen concentration.
above the room temperatuteThis suggests that the double In Fig. 2, we show a comparison of the temperature-
perovskite family of materials holds promise for utilization dependent resistivitp(T) for films A and B. While film A
as electrodes for spin valve and magnetic tunnel junctiomas much higher resistivity and its temperature dependence
devices. In this letter, we report on the growth of epitaxialis characteristic of a semiconductor, film B exhibits good
thin films of SpFeMoQ; by pulsed laser depositioPLD),  metallic behavior. The residual resistivity of film B is as low
and study of their magnetic and transport properties. Intergg 1 #Qcm which is about three orders magnitude lower
estingly, we observe occurrence of physical states in thénan that of film A.
films which show either a large positive or a negative MR. The magnetic-field dependent MR and magnetization M

SrFeMoQ;_, thin films were grown under vacuum on 4t 5 K are shown in Figs.(8) and 3b), for the films A and
SrTiG; (001) by the pulsed laser deposition technique. Typi-B respectively. For film A, the sign of MR measured at 5 K
cal deposition conditions are as follows: base pressure of & negative, and the magnitude of MR gradually increases
X 10" " Torr, pressure during deposition of X80 °Torr, reaching a value of-3% in a field of 8 T. The M—H curve
substrate temperature of 600-850 °C, laser energy density @ film A exhibits an initial rise in M up to a field of 0.5 T,
2.0 Jferd, and deposition rate of 20 nm/min. A perovskite ang gradual increase above 1 T, which is characterized by
phase grows epitaxially on SrTi®O1) under vacuum with  jncomplete magnetic saturation. For films of type A, the
a pressure less than 10Torr over a wide substrate tempera- shape of MR—H corresponds to the shape of the M—H curve
ture range of 600-850 °C. However, the behavior of the outy; moderate and high fields, indicating that the negative MR
of-plane lattice constant and the temperature-dependent riys some correlation with the magnetization or spins in the
sistivity is highly dependent on the substrate temperaturgqgistive film.

For the conductive film BFig. 3(b)] the sign of MR is
dElectronic mail: asano@squid.umd.edu positive and the magnitude of positive MR measured at 5 K
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FIG. 3. The field dependences of magnetoresistance and magnetization for
FIG. 1. X-ray diffraction patterns for the $reMoQ;_, thin films grown the S5FeM§Q*¥ th'.n f'ImS.Of typedsé\ and B Thf(_e %OSEd and (_)peln symbols
using a two step processee in the tejt The initial layer of 5 nm was ~ '€Present data for increasing and decreasing fields, respectively.

grown at 600 °C for all films. The subsequent layer of about 300 nm was . .
deposited at 800ilm A) and 850 °C(film B). some larger ongssuperimposed on a uniform background.

The clusters were found to be epitaxial with the matrix. In
film B [Fig. 4b)], the clusters seem to have grown substan-

field, attaining a value of 35% in a field of 8 T. It can also be%aIIy to a size of over 100 nm. Energy dispersive x-ray

seen that the MR is not saturated evérBall and that the
MR-H curve displays no hysteresis. The field dependence of
M for the film B is qualitatively similar to that of the film A.
The H dependence of positive MR however is quite different
from the H dependence of M, implying that they arise from
different causes, and that the positive MR has no direct cor-
relation with the magnetization of the conductive film. This
possibly points to the significance of the interface magnetism
in the mechanism of positive MR, as discussed in the
literature!3-1°

In Fig. 4 we compare the microstructural and composi-
tional features of films A and B as revealed by transmission
electron microscopy¥TEM). The microstructure of film A
exhibits a spray of nanoclustefsize ~10—15 nm, with
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FIG. 2. The temperature denendence of resistivifgr Sr,FeMoQ;_,, thin FIG. 4. Transmission electron micrographs of thgF8MaQ;_,, films of

films of types A and B. types A and B.
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analysis brought out that the clusters are highly strontium In conclusion, we have grown epitaxial thin films of the

deficient with an added degree of deficiency of molybdenumordered double perovskite FeMoQ;_, on SrTi0;(001) by

The volatility of the corresponding oxide forms appears to bepulsed laser deposition. We show that specific physical states

the reason for this deficiency, thereby providing the chemicabf the deposited films can occur which exhibit either a large

driving force for clustering of nonstoichiometric phases. Thepositive or a negative MR. It is seen that this double perov-

stoichiometry in the regions between the clusters was fairlyskite structure is capable of supporting a multitude of mag-

close to the desired valughich is the target stoichiometry netic and transport properties depending upon the ordering

within the limits of TEM based chemical analysis. and defects in the Fe and Mo sublattices, vacancies on the
The MR of polycrystalline sampléSis characterized by alkaline earth(Sr) sublattice, and the oxygen concentration.

a significant low-field MR response due to the grain bound- i

ary tunneling together with a small high-field MR response. This work was supported under DARPA Contract No.

In our epitaxial films, the low-fieldbelow 0.5 ) MR is N000149610770.
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