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Abstract
The energy level alignment at the interface between fullerene (C60) and Co
has been determined by x-ray and ultraviolet photoelectron spectroscopy. To
investigate the interfacial electronic structure, a C60 layer was deposited on a
clean Co surface in a stepwise manner. The measured onset of the highest
occupied molecular orbital energy level was at 1.54 eV from the Fermi level
of Co. The vacuum level was shifted 0.41 eV toward lower binding energy
with the additional C60 layers, which means that an interface dipole exists at the
interface between C60 and Co. The C 1s spectra show that band bending occurs
at the interface between C60 and Co. These results indicate that the barrier
height of the hole injection from Co to C60 is 1.14 eV, which is a smaller value
than that for electron injection (1.46 eV).

1. Introduction

Organic semiconductors (OSEs) are a relatively new field of electronic materials that are
revolutionizing important technological areas including information display and large area
electronics. OSEs have many advantages, such as low process cost, device flexibility, and
the simplicity of thin film device fabrication, which have helped to attract many researchers
to study organic semiconductor devices [1]. Many useful developments in materials and
devices for OSEs have been reported in previous studies [2–4]. From these, we expect to see
organic semiconductors such as pentacene, fullerene (C60), and several other organic materials
replacing the traditional inorganic semiconductors in the near future. However, attempts to
fabricate organic spintronics have been fewer than those to obtain organic semiconductor
devices (organic thin film transistors, organic light emitting devices, and so on).

Several organic materials are used to fabricate organic spintronics [5]. Pentacene, C60,
and 8-hydroxyquinoline aluminium (Alq3) are representative organic materials that are used
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in organic magnetic semiconductor devices. In particular, mixed C60–Co films have attracted
considerable attention due to their promising magnetic properties. The C60–Co nanocomposite
materials prepared properly have revealed the characteristic of giant magnetoresistance
(GMR) [6, 7]. Xiong et al have reported that spin polarized carrier injection, transport,
and detection, which are the main ingredients of spintronics, can be successfully achieved
using π -conjugated OSEs (Alq3) [8]. Bergenti et al have reported that spin polarized
materials can successfully replace conventional electrodes in organic light emitting diodes
(OLEDs) [9]. Recently, Meruvia et al have produced TFTs by evaporating C60 as the emitter in
magnetic metal-based transistors [10]. Although organic spintronic devices, associating organic
semiconductors and magnetic materials, have been investigated by several researchers [8–11],
there have been fewer attempts to understand the mechanism of these devices.

If the advantages of the C60/Co interface are considered, the electronic structure of
C60/Co is important because the electronic structure directly affects charge transport in organic
application devices [12].

In this paper, we analysed the valence band spectra of the C60/Co interface obtained from
ultraviolet photoelectron spectroscopy (UPS). And the band bending (charge redistribution)
was investigated by using x-ray photoelectron spectroscopy (XPS). An energy level diagram is
summarized, which contains the electron injection barrier height and interface dipole.

2. Experimental details

The XPS and UPS measurements were performed in an ultrahigh vacuum (base pressure
1 × 10−10 Torr) condition by using a PHI 5700 spectrometer equipped with Al Kα (1486.6 eV)
and a He I (21.2 eV) discharge lamp. The sample was prepared in a preparation chamber,
which was connected to the XPS and UPS measurement chamber. A clean Co surface was
obtained by sputtering a commercial Co foil (99.99%) to remove the residual oxides and
carbon contaminations. After cleaning the Co substrate, C60 was deposited on the clean Co
in a stepwise manner to investigate the interfacial electronic structure. The deposition rates
for C60 were kept at 0.01 nm s−1, and the nominal thickness was monitored with a calibrated
quartz thickness monitor. During the deposition, the pressure of the preparation chamber was
maintained at 1.4 × 10−9 Torr. After each deposition of C60, the valence band, C 1s, O 1s, and
Co 2p spectra were immediately collected at a sample bias of −15 V in order to separate the
sample and the analyser high binding energy cut-off.

3. Results and discussion

The He I UPS spectra of the interface formed by deposition of C60 on Co are presented in
figures 1 and 2. The spectra were collected along the surface normal direction with a photon
incidence angle of 30◦. From the sample with a C60 layer, the Fermi level was decided and all
other spectra were plotted with respect to the Fermi level. The valence band spectra of C60 with
thicknesses of 0, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, and 25.6 nm are shown in order, with the spectrum
for a zero thickness being the Co valence band spectrum. The spectra obtained from C60/Co
obviously display the HOMO level. On depositing C60, the emission from the Co substrate
becomes suppressed, and the spectrum is changed to that of C60. The shift of the HOMO onset
of C60 from the Fermi level of Co gives the relative position of the HOMO from the Fermi
level of Co. The HOMO level of C60 appeared slightly at a C60 thickness of 0.2 nm on Co, and
the HOMO level was clearly seen at a C60 thickness of 3.2 nm. From the sample with a thick
C60 layer (25.6 nm), we decided that the HOMO onset of the C60 layer was located at 1.54 eV
below the Co Fermi level.
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Figure 1. UPS spectra measured immediately after each
C60 layer deposition with a sample bias of −15 V. Low
energy edges of the HOMO of the C60 layers and Fermi
level of a Co layer are shown with vertical lines.

Figure 2. UPS spectra in the high binding energy cut-
off region of C60 are shown for various C60 thicknesses.
The intensity is normalized to allow better comparison
between spectra.

The He I UPS spectra in the high binding energy region of clean Co and of 0.2, 0.4, 0.8,
1.6, 3.2, 6.4, and 25.6 nm thick C60 layers on Co are shown in figure 2. The vacuum levels of
the samples were determined by linear extrapolation of the cut-off of secondary electrons on
the high binding energy side of the UPS spectra. The abscissa is the binding energy relative
to the Fermi level of the Co layer. A −15 V sample bias was applied to separate sample and
analyser spectral cut-offs and to increase the emission strength of the secondary cut-off. One
half of the total broadening is 0.1 eV for the analyser resolution (as determined from the width
of the Fermi edge). As the C60 was deposited on the Co, the high binding energy cut-off moved
to lower binding energy. At a sufficient coverage of 25.6 nm, the high binding energy cut-off
has shifted to lower energy by 0.41 eV. This means that the vacuum level is higher compared
to that of the Co. Compared with our previous results, the interface of C60 on Au (the work
function of Au is 5.2 eV) shows that the vacuum level was shifted 0.54 eV from that of Au
toward higher binding energy with additional C60 layers [13]. This shift in the high binding
energy cut-off is attributed to an interface dipole between C60 and Co. The redistribution of
electrons at the interface between C60 and Co occurs as C60 is deposited on Co.

Figure 3 shows the results of the XPS measurements. Figure 3 shows the C60 overlayer
related C 1s emission lines and figure 4 shows the Co 2p lines. There was no contamination
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Figure 3. XPS spectra of the C 1s core levels as a
function of C60 coverage on the Co substrate layer.

Figure 4. XPS spectra of the Co 2p core levels.

by carbon on the pristine Co surface. The subsequent spectra were measured after deposition
steps from 0.2 to 25.6 nm. As the deposited amount increases the C 1s emissions increase in
intensity, while Co 2p emissions become attenuated due to the formation of the C60 overlayer.
The total C 1s peak shift was 0.4 eV toward high binding energy after a sufficient coverage of
C60 (25.6 nm) had been achieved. The lack of a remarkable characterization change in the C
1s peak implies the absence of chemical bonds at the C60 and Co interface, which means that
the magnitude of the band bending at the interface is 0.4 eV due to the charge redistribution. In
figure 4, we also investigated the core level spectra of Co and found no significant changes in
the peak shape. The peak position of Co 2p did not change with the deposition of C60 on the
Co surface. Therefore, we suggest that the Co surface remained chemically intact due to the
organic overlayers, resulting in no band bending in the Co region.

From figures 1–4, we can obtain the interfacial electronic structure, between C60 and Co.
The ionization potential of C60 was obtained by using

Ionization potential = hν − cut-off + EHOMO. (1)

hν indicates the photon energy of 21.2 eV, ‘cut-off’ means the high binding energy cut-off, and
EHOMO means the onset of the HOMO level. According to equation (1), the ionization potential
of C60 was 6.83 eV. The difference between the Fermi level of Co and the HOMO onset of C60

was 1.54 eV. By using 2.6 eV as the band gap of C60 [13], the energy of the LUMO of C60 can
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Figure 5. Energy level diagram of the C60/Co interface.

be determined. Therefore, the barrier height for electron injection from Co to C60 is 1.46 eV. In
addition, the vacuum level of C60 is shifted 0.41 eV from that of Co toward low binding energy.
As we know from the C 1s spectra of C60, band bending occurred. Therefore, the magnitude of
the interface dipole is 0.81 eV. The above results are summarized in figure 5 where the energy
level alignment of the C60/Co interface is shown.

4. Conclusions

We obtained the electronic structure of the C60/Co interface by using x-ray and ultraviolet
photoelectron spectroscopy. C60 was deposited in several steps starting from the submonolayer
up to the sufficient coverage of 25.6 nm thickness on a clean Co surface. The highest occupied
molecular orbital energy onset was measured as 1.54 eV from the Fermi level of Co, and the
shift in the vacuum level was 0.41 eV toward lower binding energy. Moreover, band bending
(0.4 eV) occurred at the C60/Co interface, and the interface dipole was 0.81 eV. This observation
provides a complete picture of the electronic structure of the C60/Co interface. These results
indicate that the barrier height of the hole injection from Co to C60 is 1.14 eV, which is smaller
than the barrier height of electron injection (1.46 eV).
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