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Abstract : Lag,.67Cao.3sMnOs(LCMO) films were fabricated on (100) STiOs(STO) and (110) NdGaOs(NQD) subdrates
usng facing-target sputtering technique. The resgivity P and metal-to-semiconductor trangtion temperature Tus were
gudied asfunctions of thickness. Although lattice sresses in LCMO/N@D and LCMO/STO are subgantialy different as
corfirmed by the XRD andyses, there is no direct correlation between sructure and eectronic trangort in LCMO films,
indicating the absence of grain efects on the trangport properties, for example ,p , Tusand activation energy Ea.
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Lattice grain in thin films induced by film-sub-
drate mismatch isone urce for variant magnetic and
resigive behaviors egpecially for the manganite perovs
kites for which the lattice dfects are well
egablished!” *. It has been ao reported that low
field colossa magnetores tance (CMR) effect is due
to strainrinduced magnetic aniotropy™®”!. Moreover ,
when the film gets thinner , surface efects become in-
creasngly important'® . Hfects asociated with surface
morphology as well as dructure deformation can be
controlled by film thickness. Jin e a." sudied
thickness efects on OMR in L&.s7 Cao.3sMnOs , and
sun et a . " gudied L a.67S0.2aMnOsfilms and wanted
to verify the presence of a dead layer. In this paper ,
the thickness dependence of dructure and trangort
behavior of Lao.e7Cao.3:MnO;z (LOMO) films was stud-
ied, and the effect of lattice grain in CMR films ex
plored.

1 Experimental

Bpitaxiad LCOMO films with different thickness
were grown on (100) STiO; (STO) and (110) Nd-
G0; (NQD) substrates usng facing-target sputtering
(FTS) technique'™ *'. A mixture of high purity Ar
and O;, total pressure 10 Pa, was used as the dis
charge gases with the flow rates adjusted by two mass
flow controllers. Prior to film depostion , the vacuum
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chamber was pumped down to 1 x 10" * Pa, and then
the targets were presputtered for 15 min. Immediately
dter each depodtion , the vacuum chamber was back-
filled with 100 Pa oxygen gas. The deposted film was
then cooled to room temperature with the subgrate
heater power cut off. To optimize the oxygen doichi-
ometry and crydallization, pos-annealing process is
necessary for the as-deposted films. Our sampleswere
pos-annedled at 900  for 240 min in O; gas. The
film gtructure was examined by the® /B X-ray diffrac-
tion method™ ** | and the resstance as a function of
temperature was measured by gandard four-probe
technique.

2 Results and Discussion

XRD 0-8 scan corfirmed the epitaxial growth
and high crysta quality. Taking the diffraction peak of
the subgtrate as an internal standard , the out-of-plane
lattice parameters of LCMO layer can be determined
accurately. Fg. 1 shows the variation of lattice congtar
nts with film thickness d. in LCMO/STO and L CMO/
NQD. Different crysal digtortions are observed. In
LCOMO/STO , the lattice parameters are essentially un-
dfected until the thickness is smaller than 50 nm
below which a sudden in-plane expanson and out-of-
plane contraction of lattice take place. In contras ,
deformation of the unit cell in LOMO/NQ®D is smal .
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From 30 to 200 nm, the variation of the out-of-plane
lattice congant is 0. 0056 nm for LCOMO/STO and
0.0013 nm for LCMO/N @D, regpectively.

For LOMO/N@®D and L CMO/STO , except for the
thinnest samples, all curves exhibit typica meta-to-
semiconductor transtion at Tus (metal-to-semiconduc-
tor trandtion temperature) . The mogt triking features
of present finding are the grong thickness dependent
of Tms and the resdivity p a a fixed temperature of
290 K as shown in the FHg. 2. Thickness dfects are
weak in films thicker than 50 nm. However , Tus de-
pends critically on thickness in ultrathin films and
drops geeply from 200 to 50 K when the thick-
ness varies from 20 to 5 nm. The sharp upturn of
p , condgent with the sudden drop of Tus, suggeds a
close relationship between these two quantities. Early
invedigations of reggivity of La;- « Cax MnOsfor T >
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Fg.1 Out-of-plane lattice congants of LCMO/STO and LG
MO/N QO films asfunctions of film thickness (The l-
id lines are drawn as a guide to the eyesonly. Theirn
set is the XRD patterns of LCMO (200 nm) /STO and
LCMO (200 nm) /NGD.)
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Fg.2 Thickness dependence of resdivity a 290 K and metak
to-semiconductor transition temperature ( Tys) of LG
MO/STO (solid points) and LCMO/NGD (open points)
films (The olid lines are drawn as a guide to the eyes
only. The inset isthe temperature dependence of ress
tance of LCMO (200 nm) /STO and LCMO (200 nm) /
NQD)
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Tus indicate that red givity increases roughly exponen-
tialy with inverse temperature in semiconductor re-
gime. The nature of conduction mechanism is ascribed
to variable range hopping, or a neares-neighbor hop-
ping model based on smal polaron. By fitting the
semiconductor part (high temperature regime) of p-T
curve to small polaron model @ =P o Texp (Ea/ ks T) ,
wherep is resdivity a 0 K, kg is Boltzmann con-
gant) , the activation energy for small polaron conduc
tion ( E.) is deduced from the dope of each curve. As
shown in FHg. 3, E:hasawell-defined correlation with
Tws, and increase monotonicaly from 0. 086 to

0.125 eV corregponding to a decrease of Tus from

260to 50 K. In gecia , Esisindependent of the
subdrate.

From our results, athough lattice dressesin LC
MO/N @O and L CMO/STO are subgantially different as
corfirmed by XRD analyses, there is no direct correla
tion between dructure and resdivity in our LCMO
films, indicating the absence of drain efectson trans
port properties.
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Fig.3 Correation between E, and Tusof LOMO/STO (solid

points) and LCMO/NQD (open points) films (The sol-
id line is as a guide to the eyes only)

3 Conclusion

The resdivity P and meta-to-semiconductor
trandtion temperature Tuswere sudied as functions of
thickness in LOMO/N@®D and LCMO/STO films. Al-
though lattice gresses in LOMO/N @D and L CMO/STO
are subgantially different as corfirmed by XRD analy-
ses, there is no direct correlation between dructure
and electronic trangort in LCMO films, indicating the
absence of drain dfects on trangort properties, for
example ,p , Tusand activation energy Ea.
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Preparation and Compressive Stress Efect of Polymer Matrix REFe

Giant Magnetostrictive Composite
Jiang Minhong ~ , Gu Zhengel , Cheng Gang ( Research Center of Material Science and Engineering,
Guilin University o Electronic Technology , Guilin 541004, China)

Absgract : Polymer matrix REFe giant magnetogsric
tive composite (GVIPC) was prepared using bonding
and magnetic field forming technique , and magnetos
triction of sampleswas measured for different compres

sve dress. The experimental results show that there is
Key wor ds: magnetogriction ; polymer matrix ; compostes; GMPC; compressve gress dfect ; rare earths
(SeeJ. Chin. RE. Sc. (in Chin.) , 2005, 23(6) : 727 for full text)

certain compressve dfect in GMPC. And the influ
ence of compressve gress on magnetogriction of sanr
ple was invedigated. It offers essential reference for
application and device desgn of GVIPC.
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