
Materials Physics

28

Role of O-La(Ca or Ba) Bond in the Strain Effect
on La0.67Ca0.33MnO3 and La0.8Ba0.2MnO3 Thin Films

The strain effect on La0.67Ca0.33MnO3 and La0.8Ba0.2MnO3 thin films on SrTiO3 (001) substrate with different
thicknesses has been studied by X-ray absorption near edge spectroscopy (XANES), which can reveal the
details of the coupling between cations and anions.  The strain may suppress the TC of LCMO films while
enhancing that of LBMO films.  The theoretical calculation results suggest the unoccupied states of the third
structure of XANES are formed by much more complex hybridization of O 2p to Mn 4sp, La 6s and (Ca 4sp or
Ba 6sp) orbitals.  The change of the absorption intensity of the second and third structures is compatible to
the TC change of both films due to the strain effect.  This strongly suggests that the strain effect on LCMO
and LBMO thin films is mainly associated with the bonding situation between O and La(Ca or Ba) ions.

Colossal magnetoresistance (CMR) materials with the
general formula Ln1-xAxMnO3 (Ln = rare-earth, A=divalent ion)
reveal interesting electric and magnetic properties, and have
attracted a great deal of attention since their discovery in 1950.
The most pronounced physical property of CMR is the robust
ferromagnetism and accompanying a huge magnetoresistance
(MR).  The metal-insulator transition temperature (Tp) and the
ferromagnetic-paramagnetic transition temperature ( TC) of
doped manganite thin films can be altered by the strain effect
which originates from the lattice mismatch between the thin film
and substrate.  The lattice of both La0.67Ca0.33MnO3 (LCMO) and
La0.8Ba0.2MnO3 (LBMO) can be reassigned as pseudocubic
structures with lattice constant s of 0.386 nm and 0.392 nm,
respectively.  By comparison to the lattice constant of SrTiO3

(STO) of 0.395nm to that of films, shows that the LCMO and
LBMO films undergoes tensile and compress strain, respectively.
The strain effect suppresses the TC of LCMO films with the
decreasing thickness of films, whereas the TC of La1-xBaxMnO3

films are found to increase for x ≦ 0.2 in thinner films.  The
highest Tc for LBMO films is about 310K for x = 0.2 with a
thickness of 21nm.

Up to now, the mechanism of this strain effect has not been
fully understood.  Since the mechanism of CMR materials
depends on the hopping probability of itinerant carriers
between two Mn ions which are located inside the Mn-O6

octahedral, any change of the Mn-O bond length, Mn-O-Mn
bond angle or the vibration frequency would influence the
electric and magnetic properties.  Kanki and Zhang proposed an
orbital stability model based on the elongation of the in-plane
Mn-O bond length that stabilizes and increases the electron
occupancy of the dx2-y2 orbital in the thinner LBMO films and
which results in TC enhancement.  This model can also conclude
the suppression of TC in LCMO thinner films.  However, Yuan
cited Miniotas's measurements that the in-plane Mn-O bond
length of the LCMO thin films does not change with the strain
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