Modified Surface Electronic and Magnetic
Properties of La, ,Sr, ,MnO; Thin Films

Concerning spin injection in organic spintronics applications, there is always a conductivity mismatch limita-
tion on direct spin-polarized injection at the ferromagnetic-semiconductor interface. The fully spin-polarized
systems La, . Sr,MnO;, however, are not restricted to the limitations, making them especially attractive. There-
by it is interesting to treat La,,Sr,MnO; thin film surface to produce an excellent high work function spin in-
Jecting contact. Here we select half-metal La,(Sr, ,MnO; thin film as a model to reveal influence of surface
oxidation ex situ on the electronic and magnetic properties of the manganites by means of photoemission
spectroscopy, X-ray absorption spectroscopy and X-ray magnetic circular dichroism.
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Manganite perovskites La, ,Sr,MnO; (LSMO) have
attracted considerable attention due to their unusual
electronic structure and the strong interplay between
magnetic ordering and charge transport properties
such as colossal magnetoresistance. The electrical
and magnetic properties of the manganites are mainly
determined by the Mn valence which is described as
a mixture of Mn’* and Mn*', correlated with the ratio
between trivalent and divalent cations as well as the
oxygen (non)stoichiometry. In this work we select
half-metal La, Sr,,MnQO;, thin film as a model to reveal
influence of surface oxidation ex situ on the electronic
and magnetic properties of the manganites. For many
applications, the electrode surfaces are only cleaned
by ex situ procedures using ultrasonic treatment in
organic solvents prior to the deposition of organic
materials in organic spin valves.' In order to remove
organic contaminants and increase oxygen stoichi-
ometry on LSMO surface, we used a different ex situ
cleaning procedure, i.e. after ultrasonic treatment in
organic solvents, LSMO is heated in the solution so-
called SC1° (5 H,0, 1 NH,OH, 1 H,0,) at 85 °C for
10-40 minutes. Work function (WF) of LSMO treated
by SC1 is 4.8-4.9 eV depending on the treatment time.
Here we propose the application of photoemission
spectroscopy (XPS/UPS), X-ray absorption spectros-
copy (XAS) and X-ray magnetic circular dichroism
(XMCD) to investigate the electronic and magnetic
properties of LSMO thin films with or without SC1
treatment.

The WF defined by secondary electron cutoff in is
shown in Fig. 1. Obviously SC1 treatment is an effective
cleaning procedure to increase WF of the Manganites.

Figure 2(a) shows Mn 3s core level XPS spectra of
LSMO thin film ultrasonically cleaned in organic sol-
vents (black line) and treated by SC1 for 40 minutes (red
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line). The exchange splitting of Mn 3s core level signal,
AE,, for LSMO before SC1 treatment is 5.1 eV while
AE;, for LSMO treated by SC1 for 40 minutes is 4.7 eV.
The V,,, can be calculated by the linear relationship:
Vin = 9.67 — 1.27AE,/eV.” It can be concluded that
the average V,,, is equal to 3.2 for LSMO before SC1
treatment while the average V,,, is 3.7 for LSMO after
SC1 treatment. Apparently both the Mn valence and
O content in the manganite are increased after SC1
treatment. Thereby it is possible that LSMO thin films
treated by SC1 feature improved spin injection proper-
ties.

To explore the change of Mn atom in terms of
electronic and chemical structures, Mn L-edge XAS
spectra of LSMO thin film for three kinds of treatments
are presented in Fig. 2(b). For the film ultrasonically
cleaned in organic solvents, the main peak located
at 643.3 eV is accompanied by two shoulder peaks
around 640.9 and 641.7 eV in the region of the L,
transition while the other main peak located at 654 eV
is accompanied by one shoulder peak around 652.4 eV
in the region of L, transition. This indicates that there
exist Mn*" ions corresponding to the peak at 640.9
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Fig. 1: Secondary electron cutoff in UPS spectra of samples.




eV,* in addition to the mixture of Mn** and Mn** ions
corresponding to the peaks at 641.7 and 643.3 eV’
at the surface of LSMO substrates exposed to ambi-
ent atmosphere and cleaned by organic solvents be-
fore measurement. However after SC1 treatment, the
peak at 640.9 eV disappears as shown in the red and
green spectra. It means that SC1 treatment results in
a removal of Mn®* due to an oxidization reaction at
the surface of LSMO. On the other hand, it is obvious
that the main peak is shifted from 643.3 eV to 643.6
eV with a shoulder at 641.7 eV in the red spectrum
for LSMO treated by SC1 for 10 minutes. For LSMO
treated by SC1 for 40 minutes, the main peak is further
shifted to 643.8 eV with a shoulder at 641.7 eV as
shown in the green spectrum. More importantly the
intensity of the shoulder peak at 641.7 eV gradually
becomes weaker with the increasing SC1 treatment
time from 0, 10 to 40 minutes. Because this peak is
related to the Mn**, we here conclude that Mn** con-
centration increases at the surface with the develop-
ment of the oxidization due to the extension of SC1
treatment time. As a result, it gives rise to an obvious
increase of Mn valence in agreement with the finding
from Mn 3s core level XPS.

Since the electronic and magnetic properties of
LSMO are mainly determined by the mixed Mn’* and
Mn**, the influence of SC1 treatment leading to a
change of the Mn valence on the magnetic properties
can be observed in XMCD which is obtained by tak-
ing the difference between XAS spectra with in-plane
magnetization parallel (M) and anti-parallel (M,) to
the helicity of the circularly polarized light. Figures
3(a) and 3(b) illustrate Mn L, ;-edge XAS and XMCD
of LSMO ultrasonically cleaned in organic solvents
and treated by SC1 for 40 minutes, which were re-
corded at 100 K, 150 K, 200 K, 220 K, 250 K and
302 K. Figure 3(c) presents XMCD curves zoomed in
from Figs. 3(a) and 3(b). It is clear that at 100-220 K
all spectral features including one related with Mn**
around 639.6 eV display XMCD effect.
However, it is hard to see XMCD effect
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Fig. 2:  (a) Mn 3s core level XPS spectra of LSMO thin films. (b) Mn
L-edge X-ray absorption spectra of LSMO thin films.
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