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Scanning tunneling potentiometry (STP) studies of gold islands
on a thin carbon film
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The technique of scanning tunneling microscopy (STM) has been used to study the spatial variation of the electric potential on
thin film surfaces. Topography and potential distribution of the film surface are measured simultaneously. A lateral voltage
gradient is obtained by applying a DC voltage bias to a metal film. With our experimental arrangement potential differences of a
few wV can be distinguished. On the lateral scale, potential drops of about 500 uV can be localized within a distance of 2 nm. On
uncovered parts of the high resistive carbon film a homogeneous drop of the potential can be measured. In the vicinity of the gold
islands on the carbon surface this smooth distribution is heavily disturbed. Due to their large conductance, the islands correlate
well with plateaus of the measured potential. In order to identify gold and carbon on the surface, additional spectroscopic

STM-measurements have been performed.

1. Introduction

It is of fundamental interest in solid state
physics to investigate correlations between struc-
tural and electronic properties. This work tries to
point out such correlations using STM experi-
ments. The STM has been applied for few years
to measure surface topography with atomic or
near-atomic resolution [1,2]. There have been also
some attempts to record the spatial variation of
the electric potential of current carrying thin films
by STP [3-5]. Both informations, topography and
potential distribution of the same surface area
can be used to explain surface properties of inho-
mogencous and multiphase materials with local
differences in the electric conductance. It is pos-
sible to study the influence of internal interfaces
and individual grains in metal films and granular
materials on the electric conduction process. The
electrical behaviour of adsorbed or chemisorbed
atoms and clusters can also be investigated in this
way.

Our STM allows to measure simultaneously
the surface topography and the potential distribu-
tion. Moreover we can perform spectroscopic
STM-measurements. We studied carbon films
covered with an inhomogeneous gold overlayer.
The gold coverage of these films is very small.
There surface consists partly of carbon and partly
of gold. Because there is a large difference in
conductivity of gold and carbon (a,,/0 = 10%)
STP is a very useful tool for experimental investi-
gations of this system.

In this article we also present results concern-
ing the sensitivity of our STP-technique. We com-
pare the surface topography with the spatial vari-
ation of the electric potential and discuss spectro-
scopic STM-results of the Au/C-system.

2. Experimental procedure

The films were prepared by evaporation on
glass substrates at room temperature. The thick-
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ness of the carbon film was 20 nm. The gold film

was grown on the carbon film surface with an
2
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without gold deposition (2 mm X 5 mm) we mea-
sured an electrical resistance R =50 k1. In
consequence of the gold deposition the film resis-
tance was decreased to 20 k2.

We used a room-temperature STM of the so
called “Regensburger design” [2] operating in air
to measure the topograph
tunneling tips which were etched electrochemi-
cally. During the STM/STP investigation the
sample-current was obtained by a floating DC
voltage. An average electric field £ < 10 V/cm
was realized.

An AC tunnel voltage bias with a frequency of
about 7 kHz was applied. The DC-component of
the tunneling current is kept at zero by an inte-
grating feedback circuit. The signal of the inte-
grator is used to determine the local potential at
the position of the tip. The tip—sample distance is
controlled with the rectified AC-component of
the tunneling current.

We used tunesten
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3. Results and discussion
3.1. Methodical investigations

On metal fitms (Pt, Au) and also on the
Au/C-system described above, we obtained by
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STP a lateral voltage gradient corresponding with
the applied electric field. Homogeneous surface
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Furthermore the amount of the voltage drop was
constant, when we changed the direction of the
applied electric field. The spatial distribution of
the potential is inverted when we change the sign
of the applied field. There was also no remark-
able influence of the scan direction on the poten-
tial distribution. We found the same voltage
dient regardless the scanning direction was paral-
lel or perpendicular to the electric field.

Zcro point STP measurements (E =0 V /cm)
were made to find out the sensitivity of our
apparatus. Simultaneously measured topography
and potentiometry noise level at £ =0 V/cm on
a homogeneous area of the Au/C-system are
shown in figs. la and 1b. The average noise level
in this example is +5 uV. We point out that
there are several contributions to this noise level.
In addition to the stability of our electronic sct-up
also the film properties influence the noise level.
The spatial resolution of the potential is for ex-
ample drastically decreased if the film is heated
by the DC current. The integrator circuit cannot
distinguish between the local potential drop
caused by the applied external field and the local
thermovoltage between tip and film surface. As a
result of this effect, STP measurements with high
spatial resolution can only be performed on films
with a resistance larger than approximately 1 k().
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Fig. 1. (a) Topography of a homogeneous area of the Au/C-system. (b) Potential noise level of the area shown in (a) at =0

V /cm.
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Fig. 2. (a) Topography of the Au/C-system. (b) Potential distribution of the area shown in (a), E=10V /cm, E || + X.

In the case of our Au/C system, no heating was
detected up to electric fields £ <20 V/cm.

Our integrator feedback circuit can detect very
steep potential drops as shown in figs. 2a and 2b.
Though there is no distinct change in topography
we can see a potential drop of about 500 uV
localized within a distance of 2 nm. This voltage
drop is much more than we can expect from a
distance of 40 nm parallel to the direction of the
electric field. The expected average value of the
electric potential on a homogeneous surface is
only 40 uV. We assume that the STP image in fig.
2b shows a transition from a gold covered to an
uncovered part of the carbon film surface which
can not clearly be identified in the corresponding
STM image. In further examples (figs. 3 and 4)

we will show, that the potential distribution on
the surface of the investigated Au/C-film is very
inhomogeneous due to their chemical composi-
tion.

3.2. Study of the gold covered carbon films

First STM /STP measurements on the uncov-
ered carbon film surface were performed. We
found a very rough surface with sharp cuts of
about 10 nm and a potential distribution like an
inclined plane with a noise level of about 4+ 50
wV. This large value is closely related with the
high noise level of the tunneling current obtained
on these carbon films. No further details can be
seen in this STP image.

[

Fig. 3. (a) Topography of the Au/C-system. (b) Potential distribution of the area shown in(a), E =10V /cm, E|| +X.
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Fig. 4. (a) Topography of two neighbouring islands and the area between them. (b) Potential distribution of the area shown in (b),
E=10V/cm, E| +X.

Fig. 3a shows the surface topography after the
gold deposition. The surface of this Au/C-system
is characterized by a island like structure. The
islands are surrounded by very smooth areas. We
assume that gold clusters preferably in the cuts of
the carbon film. The island are therefore likely
consisting of gold. In the corresponding STP im-
age shown in fig. 3b, we see terraces surrounded
by abrupt potential drops. These plateaus corre-
late very well with the islands in the STM image.
In contrast to this feature the smooth areas of the
surface show a homogeneous drop of the electric
potential. This feature can be explained by the
mentioned large difference in electrical conduc-
tivity of gold and carbon. The local conductivity
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of the Au/C-film is drastically increased due the
gold islands. We can also say, these islands cause
local electrical short circuits. Therefore we found
only a very small potential drop in the area of
such an island. It seems like a plateau of nearly
constant height in the spatial potential distribu-
tion. The edges of the gold islands belong to the
interface between carbon and gold. The abrupt
potential drop surrounding the gold islands indi-
cates a high electrical resistance of this interface.

In figs. 4a and 4b the topography and the
potential distribution of two neighbouring islands
and the area between them are shown. We see
that the smooth surface of the islands correlates
with plateaus in the potential distribution. These

-

Fig. 5. (a) /-U characteristic obtained on one of the islands shown in fig. 4a. (b) /-U characteristic obtained on the area between
the islands shown in fig. 4a.
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platecaus are also characterized by a low noise
level. The area between the islands is very rough
and the corresponding potential distribution
shows a very high noise level. We also observed a
very high noise level of the tunneling current in
this area similar to the uncovered carbon films.
Furthermore the potential drop of about 1250 £V
parallel to the electric field in fig. 4b is almost
completely localized in the area between the is-
land. We assume that the gold coverage in this
area is very low. Therefore the potential drop is
mainly caused by the two interfaces and the car-
bon film between the islands.

In order to identify clearly gold and carbon on
the surface we have performed additional spec-
troscopic STM-measurements. These experi-
ments were carried out in a constant d//dU
mode, i.e., the feedback with the AC tunneling
current was active during the /(U )-measurement.
Figs. 5a and 5b show /-U characteristics obtained
on the surface area shown in fig. 4a. In fig. S5a we
see a typical measurement on one of the islands.
Fig. 5b shows an average I-U characteristic of
the area between the islands. Additionally, we
performed the same spectroscopic measurement
on a gold film and on an uncovered carbon film.
On the gold film an average I-U characteristic
which is identical with fig. Sa was obtained. The
[-U characteristic of uncovered carbon is also
comparable with fig. 5b. We conclude from these
results, that the area in fig. 4a can be clearly
subdivided in two gold covered parts mentioned
above as gold islands. The surface between these
islands consists of carbon. We, however, addition-
ally found on the surface of the Au/C-system
gold and carbon on neighbouring spots, too.

4. Summary

We developed and tested a STP technique.
Using the example of gold covered carbon films,
we have shown that our technique is a useful tool
for the investigation of inhomogeneous surfaces
of current carrying thin films. In combination
with topographic and spectroscopic STM-mea-
surements we could identify the gold islands on
the carbon surface from the spatial variation of
the electric potential. In further works we intend
to perform STP-measurements on several materi-
als at low temperatures. We want to investigate
the metal-semiconductor-transition on
metal /carbon-systems. We are also interested in
the electronic behaviour of superconducting ma-
terials.
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