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It’s All About the Ending
Energy level alignment at metal-organic interface is a key parameter controlling the elec-
tric transport property of heterostructures. When a half-metallic ferromagnet La1-xSrxMnO3 
(LSMO) is used for spin transport, the termination of oxide layer is another parameter in play.

S tacking multiple layers into a single structure is 
a way to construct artificial materials with novel 

properties. Similarly, a complex oxide material like 
those in perovskite structure (ABO3) has distinct 
surface electronic structures when its topmost layer 
is terminated differently (AO or BO2). As the perfor-
mance of a device depends strongly on the energy 
barrier at its heterojunction, the termination control 
of a metal oxide electrode offers an alternative to ad-
just carrier injection barrier. Following the same idea, 
Yao-Jane Hsu (NSRRC) and her collaborators worked 
on a series of LSMO/Alq3 structures to demonstrate 
that the control of termination layer can be of great 
importance in spin transport too.

One recent advance in spintronics is the use of organ-
ic semiconductor (OSC) to mediate spins.1 Because 

carbon-based materials like OSC are good at preserv-
ing spin coherence among carriers, the organic spin 
valve (an OSC layer sandwiched by two ferromagnet-
ic electrodes) was thought capable of showing giant 
magnetoresistance (GMR) comparable to its inor-
ganic counterparts. The problem is, despite using the 
same ferromagnetic (FM) LSMO electrode and Alq3 
spacer, the experimental results reported by different 
research groups differ considerably in the magnitude 
and sign of MR. To clarify what might be responsible 
to the conflicting results, Hsu and her team took a 
close look at the same LSMO/Alq3 heterojunction 
with an emphasis on the possible roles played by the 
termination layer of LSMO electrode.2

LSMO is a half metal oxide that possesses nearly 
100% spin polarization. The LSMO layer used in the 
study was grown on SrTiO3 (001) (STO) single crys-
tal substrates. By varying STO terminations (TiO2-, 
SrO-, and mixed-terminations, respectively), the 
LSMO film with terminating layers of MnO2-, LSO-, 
and mixed-termination were fabricated (marked 
as MnO2-ter, LSO-ter, and Mixed-ter, respectively). 
Magneto-optical measurements on these specimen 
found out the magnetic hysteresis of pristine LSMO 
depends strongly on its termination layer; largest/
smallest coercivity at LSMO with LSO-ter/MnO2-ter, 
and is insensitivity to the subsequently introduced 
Alq3 film. In the meantime, density functional theory 
(DFT) calculation revealed that, while Mn is responsi-
ble to LSMO’s ferromagnetism, it is the Mn’s t2g states 
that contribute to LSMO’s half-metallicity. Further-
more, depending on the termination layer, there is 
a significantly larger splitting between spin-up and 

Fig. 1:  Schematic drawing of the termination dependence; FM)T1 

 and FM)T2, at a half metal/organic hybrid interface. At 
left panel, both spin channels have a same energy barrier, 
whereas the energy barriers are different between the 
two spin channels in right panel. The termination result-
ed energy shift at half-metal side is exaggerated in figure.
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spin-down bands in LSMO with LSO-ter. This finding 
implies that there should be termination dependence 
on magnetic coupling and spin filtering efficiency at 
LSMO/Alq3 junction, as illustrated in Fig. 1. 

The conclusions from the DFT calculations was con-
firmed by X-ray magnetic circular dichroism (XMCD) 
measurements. According to the Mn L-edge’s XMCD 
spectra taken from LSMO(mixed-ter)/Alq3, LSMO(Mn 
O2-ter)/Alq3, LSMO(LSO-ter)/Alq3 at 79 K, the LSMO 
with LSO-terminations gave the largest dichroic ratio 
and regardless of the termination layer, the adsorp-
tion of Alq3 causes only a slight change to the dichro-
ic ratio. This finding is in line with the magneto-op-
tical measurements and therefore indicates that the 
ferromagnetism at LSMO/Alq3 interface is primarily 
determined by LSMO itself (including the termination 
control). Finally, a combined XPS/UPS study found 
no clear evidence of charge transfer at interface, 
but does have an interfacial dipole of extent 0.5, 0.5 
and 0.7 eV at the mixed-ter/Alq3, MnO2-ter/Alq3 and 
LSO-ter/Alq3 interfaces with the positive pole toward 
the Alq3 molecules and the negative pole toward the 
LSMO film, as illustrated at Fig. 2.  

In summary, the electronic, chemical and magnetic 
properties of Alq3 deposited on three types of LSMO 

Fig. 2: Energy-level alignment diagram at mixed-ter/Alq3, MnO2-ter/Alq3, and LSO-ter/Alq3 interfaces. [Reproduced from Ref. 2]

A close view of the sample in the analysis 
chamber for XPS measurement.

terminated layers were investigated experimentally 
and theoretically. Given the finding that LSMO reacts 
weakly with Alq3, and the magnetic properties and 
half-metallicity of LSMO layer are termination depen-
dent, it should be possible to tune the energy barriers 
of each spin channel (spin filtering) with the termina-
tion layer of complex oxide electrode. (Reported by 
Der-Hsin Wei)

This report features the work of Yao-Jane Hsu and her 
collaborators published in J. Mater. Chem. C 5, 9128 
(2017).
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