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a  b  s  t  r  a  c  t

We  report  room-temperature  spin  valve  effects  in Alq3-based  vertical  organic  spin valve  (OSV)  devices
with  direct  interfaces  between  Alq3 and  the  bottom  and  top  ferromagnetic  electrodes.  In  contrast  to
conventional  OSVs,  where  the  top  electrode  is directly  deposited  on  top  of  organic  layer,  we use indirect
deposition  method.  We  find  this  method  can  significantly  suppress  the  penetration  of  Co  atoms  into
Alq3 layer  during  deposition  process,  which  is  commonly  found  in  conventional  OSVs.  The  improved
Alq3/Co  interface  is  further  confirmed  by  comparing  the  magnetic  moment  of  depositing  Co  onto  Alq3

and  Si  substrates  by indirect  and  direct  deposition  methods.  A penetration  length  of  12.5  nm  in direct
deposition  Co  on top  of  Alq3 is  estimated.  And  the  demonstration  of  room-temperature  spin  valve  effects
indicates  the  improvement  of  spin  injection  efficiency  at sharp  Alq3/Co  interface.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

During last few years, there has been a considerable interest in
studying the spin transport phenomena in organic materials owing
to the expected long spin relaxation time and coherent length,
originated from the weak spin–orbit coupling and hyperfine inter-
action in organic materials [1,2]. The conventional organic spin
valves (OSVs) comprising two ferromagnetic electrodes separated
by an organic spacer are the principal device structures to study
the spin-dependent transport mechanism. In this device geometry,
normally, the top ferromagnetic electrodes are directly deposited
on top of the organic layer. The vaporized ferromagnetic atoms
have high kinetic energy, which can lead to the penetration or
diffusion of ferromagnetic atoms/clusters into organic layer and
form the so-called ill-defined layer, resulting in short circuit in
OSVs with thin organic layer. And the radiation of the deposition
source can significantly heat up the substrates to facilitate atom
penetration process. For example, an ill-defined layer of tris-(8,
hydroxyquinoline) aluminum (Alq3), caused by directly depositing
Co, was estimated to be more than 50 nm based on measurement
of transmission electron microscopy (TEM) combined with elec-
tron energy loss spectroscopy (EELS) [3].  Therefore, the occurrence
of electrical short circuits in OSVs made with an Alq3 layer of less
than 100 nm thick was frequently observed [3–6].

This ferromagnetic atom penetration effects lead to the dif-
ficulties in fabricating reliable and reproducible OSVs and have
been recognized as one of the main factors to hinder the study of
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organic spintronics. To overcome this contacting problem, there are
two approaches reported. One is the preparation of a thin insulat-
ing barrier, such as Al2O3 [7,8] and LiF [9],  on the organic spacer
before depositing top ferromagnetic electrode, which can pro-
tect the ferromagnetic atoms from directly depositing on organic
layer. With this method a sharp interface can be achieved, the
spin injection mechanism, however, is entirely different from
metal/organic interface [9].  The other approach, which is called
buffer layer assisted growth (BLAG), utilizes the fact that nanodots
have much less penetration depth in organic layer than atoms [10].
The vaporized atoms form nanodots on the Xe buffer layer, which is
condensed on the organic layer at low temperature before evapora-
tion. The nanodot layer lands on the organic layer so as to suppress
the penetration while desorption buffer layer by warming-up the
samples. However, the influence of organic layer in depositing top
electrodes cannot be completely excluded, particularly for thin
organic spacer [10].

In recent years a deposition method called indirect deposition
(ID) was successfully demonstrated to eliminate metal penetration
through self-assembled monolayer molecules and showed reliable
molecular junction devices [11,12].  The key of this method is to
introduce an inert gas into the evaporation chamber during the
top electrode deposition. The vaporized high temperature atoms
collide with the inert gas several times, release their energies and
“softly” land on molecular layer. In this work we adopt ID method to
deposit Co onto Alq3 layer to fabricate OSV devices. This approach
shows the distinct suppression of Co penetration into Alq3 layer
and produces abrupt Alq3/Co interfaces. We  observe distinct spin-
valve effects and obtain a high throughput production of devices
using this method, indicating ID is a suitable approach to fabricate
OSVs.

0379-6779/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.synthmet.2011.06.017

dx.doi.org/10.1016/j.synthmet.2011.06.017
http://www.sciencedirect.com/science/journal/03796779
http://www.elsevier.com/locate/synmet
mailto:dwu@nju.edu.cn
dx.doi.org/10.1016/j.synthmet.2011.06.017


S. Wang et al. / Synthetic Metals 161 (2011) 1738– 1741 1739

Fig. 1. Schematic diagram of the indirect deposition.

2. Experimental

About 100 nm thick La0.7Sr0.3MnO3 (LSMO) films were epitax-
ially grown on SrTiO3(0 0 1) substrates by pulsed laser deposition.
Prior to vacuum deposition of organic materials, the LSMO films
were patterned by a lithographic process to define proper size. The
Alq3 films were deposited on LSMO at room temperature by ther-
mal  evaporation with a deposition rate of ∼0.07 nm/s. After that,
the LSMO/Alq3 bilayers were covered with a shadow mask and
transferred into the e-beam evaporation chamber without break-
ing vacuum. To avoid the direct irradiation from deposition source
to heat up the samples, a shutter was inserted between the sample
holder and the source, as schematically illustrated in Fig. 1. Then the
chamber was purged with Ar gas to a pressure of 3 × 10−3 Torr from
a base pressure of <2 × 10−7 Torr before the deposition of the top Co
electrodes. The Co atoms were evaporated by electron beam evap-
oration. In particular, the samples faced away from the Co source.
As a result, only the Co atoms or clusters that scattered off the Ar
gas atoms several times to reduce the kinetic energy to about room
temperature (25 meV) would reach organic layer surface, compar-
ing with kinetic energy of >100 meV  for thermal deposition and a
few eV for sputtering deposition. In this way the Co atom pene-
tration into the organic layer should be dramatically suppressed.
The deposition rate measured by a thickness monitor, which was
beside the sample holder and faced the source, was  about 0.01 nm/s.
The effective deposition rates and Co thickness on organic layer
were calibrated to be about 0.004 nm/s and 20 nm,  respectively.
Finally, the OSV devices, LSMO/Alq3/Co, were turned back to face
the source to directly deposit Al of 50 nm thick to cover the top Co
electrodes at a rate of 0.03 nm/s. For comparison, we also fabricated
LSMO/Alq3/Co devices by directly depositing Co top electrodes with
same Alq3 thickness. The obtained device area is about 1 × 1 mm2.

3. Results and discussion

In this work we choose the thickness of Alq3 in the range of
35–40 nm,  which is beyond the tunneling regime [13] but in the
ill-define regime [3–6]. The typical spin-valve magnetoresistance
(MR) curves for 40 nm thick Alq3 measured with a bias voltage of
2 mV  at 100 K and 300 K are shown in Fig. 2(a) and (b), respec-
tively. The MR  ratio is defined as �R/RP = (RAP − RP)/RP, where RAP
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Fig. 2. (a) Magnetoresistance (MR) measured at 100 K with a 2 mV bias for OSVs
with 40 nm Alq3. The inset shows the temperature dependence of MR. (b) MR  (black
line) is measured at 300 K with a 2 mV  bias. The magnetic hysteresis loops of LSMO
film (red dot line) and indirectly deposited Co film on 500 nm thick Alq3 (green line)
are  measured by VSM at room temperature for the same film thicknesses as used
in  the OSVs. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of the article.)

and RP denote the resistance for the magnetization of LSMO and
Co in the antiparallel and parallel configurations, respectively. The
magnetic hysteresis loops of LSMO film and indirectly deposited
Co film on Alq3 are measured by vibration sample magnetometer
(VSM) at room temperature for the same film thicknesses as used
in the OSVs, shown in the same plot of Fig. 2(b). Obviously, the
coercivity of the LSMO and Co films corresponds to two  switch-
ing fields in MR  curve, indicating the realization of the parallel
and antiparallel configurations for two  ferromagnetic electrodes.
We note that all LSMO/Alq3/Co devices fabricated by ID exhibit an
inverse spin-valve effect, RAP < RP, consistent with previous reports
[4,7,10], suggesting that the positive MR  observed in direct deposit-
ing Co electrode is probably due to the Co inclusions which may
have different magnetic behavior from the films [3].

With the improved Co/Alq3 interface, we  observe a weak MR
effect of 0.07% at room temperature, representing the possibility
to apply spintronics in organic devices at room temperature. This
value is comparable to a previous report of the OSV with Al2O3
inserted between Co and Alq3 [7]. Although a measurable spin-
valve effect is obtained at room temperature, the decrease of MR
value with increasing temperature is much faster than that of mag-
netization of LSMO, of which Curie temperature is about 350 K,
shown in the inset of Fig. 2(a), ruling out the possibility that the
temperature dependence is due to lower Curie temperature of the
Co inclusions in conventional OSVs.
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