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Annealing effect on the magnetoresistan
grown on Si „100… substrates
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Polycrystalline La0.75Ca0.25MnO3 thin films have bee
substrates. The physical properties~lattice paramete
of the thin films were changed after annealing
magnetoresistance~MR! (Dr/r0) values with the an
for the films with deposition temperatures 700 °C,
the effect of the out-of-plane lattice parameters o
on the change of the physical properties is discus
decreases the Mn–O–Mn bond angles as well as

JOURNAL OF APPLIED PHYSICS VO
out-of-plane lattice parameter and resistivity are re
insulator transition temperature are increased. ©200
@DOI: 10.1063/1.1417989#

I. INTRODUCTION

Recently, doped perovskite manganite R12xAxMnO3

~R5rare earth metals, A5Ca, Sr, and Ba! has been exten-
sively studied because of its theoretical value as well as i
potential practical use.1–3 Thin film of this material is con-
sidered promising for next generation magnetic read head4

magnetoresistive random access memory5 and field sensitive
magnetic device.6

Choice of the substrate is important for manganite thi
films because of the strain due to the lattice mismatch. Pol
crystalline thin films of the pervoskite manganite grown on
largely lattice mismatched substrates such as magnesiu
oxide,7,9 sapphire,8,10 and yttrium stabilized zirconia~YSZ!
were investigated by many groups.9,10 These colossal mag-
netoresistance~CMR! films were found to show an abrupt
decrease of resistivity in low fields below the Curie tempera
ture. Si substrate is commonly used for the fabrication o
integrated circuits, and also gives the desired large lattic
mismatch to perovskite manganite films. Therefore, the S
substrate provides possible integration of a magnetic sens
using a CMR effect and its integrated circuitry into one sub
strate. Previous studies demonstrated large magnetores
tance ~MR! in polycrystalline thin films on a Si substrate
with buffer layers such as YSZ~Ref. 11! and CeO2.

12 Re-
ported MR values of thin perovskite films directly deposited
on a Si substrate without buffer layers were significantly
smaller compared to that of perovskite films with buffer lay-
ers. Direct deposition on a Si substrate has been avoid
because the tensile stress on the deposited film due to la
lattice mismatch was suspected to reduce the CMR effect12
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grown by rf magnetron sputtering on Si~100!
transition temperature, and activation energy!

oxygen. We obtained significantly improved
ealed films; 0.34, 0.29, and 0.27 at 1.5 T field
50 °C and 800 °C, respectively. We investigated
MR and transition temperature. Annealing effect
ed for the films. We suggest that oxygen refilling
ncreases Mn41/Mn31 ratio. As a result, both
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duced, while activation energy and the metal–
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As far as processing is concerned, the simple planar geom-
etry of the directly deposited thin film is more attractive for
sensor and device applications than that of the multilayer
structures.

In this article, we present La–Ca–Mn–O thin film
grown on a Si~100! substrate, without a buffer layer, by rf
magnetron sputtering. As annealed, our film showed a large
MR value at a relatively low field~1.5 T!. We investigated
the annealing effect on physical properties of the film. Our
result showed that the direct deposition of a polycrystalline
thin film on a Si substrate did not reduce the CMR effect but
demonstrated CMR values comparable to the case of using a
buffer layer.

II. EXPERIMENT

A polycrystalline-sputtering target with the nominal
composition La0.7Ca0.3MnO3 of 1-in.-diameter was prepared
by a solid reaction technique using powder of La2O3, CaO,
and MnCO3. The sputtering was carried out in 20% oxygen
and 80% argon at a pressure of 50 mTorr with rf power of 20
W at 13.56 MHz. The substrate temperature (TS) was con-
trolled in a range of 700 °C–800 °C. After deposition, the
films were cooled down to room temperature in 1 atm oxy-
gen. All of deposited films were annealed at 800 °C for 30
min in oxygen. The film thickness was determined to be
about 1400 Å for all the films by the Rutherford backscatter-
ing spectroscopy~RBS!. All the films had composition of
La0.75Ca0.25MnO3 by RBS and x-ray photoemission spectros-
copy. The compositional difference of the films from the tar-
get is due to the resputtering of the films by negative oxygen
ions, which was generally observed during sputtering.13 The
crystallographic properties of the films were characterized by
x-ray diffraction ~XRD! using Cu radiation withu–2u scan
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