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DEVELOPMENT OF AN SCANNING TUNNELING MICROSCOPY-BASED

ELECTRON BEAM INDUCED CURRENT (EBIC) MICROSCOPE

P. Koschinski, V. Dworak, P.E. West" and L.J. Balk
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Abstract

Measurements of electron beam induced currents
(EBIC) can either be performed in a scanning electron
microscope (SEM) or in a scanning tunneling microscope
(STM), since both microscopes are very similar in their
basic assembly. However, a straightforward application of
an STM in EBIC-measurements, i.e. the use of a micro-
scope tip as a fine source for low energetic electrons is not
possible due to the specific demands on the instrument in an
EBIC application. The present paper gives a compilation of
these demands and describes their conversion into an
optimized STM-EBIC microscope.
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Introduction

The measurement of electron beam induced currents
(EBIC) in a scanning electron microscope (SEM) has been
proven to be a valuable means in the analysis and charac-
terization of semiconducting materials and semiconductor
devices [4]. The advantageous features of this measurement
technique are a high sensitivity for electronic properties as
relevant for devices like the internal potential distribution
within a device and a high spatial resolution. In order to
improve the spatial resolution and to gain access to surface
related electronic properties like surface states, which
mainly determine the behaviour of modern devices this
measurement technique has been successfully applied to a
scanning tunneling microscope (STM) [2]. The microscope
tip is used as an electron source for primary electrons (PE)
in the energy range of some ten electron volts, leading to
EBIC measurement results with an improved spatial reso-
lution in comparison to conventional SEM-EBIC measure-
ments. In order to benefit from this technique a special
STM based equipment optimized for STM-EBIC measure-
ments is required, since, e.g. the magnitudes of the induced
currents in an STM are far less than that obtained in con-
ventional scanning electron microscope measurements, and
since there is an influence of the biased tip on the measure-
ment [3]. The present work gives a detailed discussion
about STM-EBIC specific demands on the measurement
set-up and presents technical solutions fulfilling these
demands. The resulting optimized instrument is described,
and various examples are given demonstrating the capability
of the instrument.

Measurement of Induced Currents in an STM

The experimental configuration as used for STM-EBIC
measurements is very similar to that used for conventional
SEM-EBIC measurements. Figure 1 depicts the experimen-
tal configuration. The configuration consists of an STM, a
current amplifier and a digital control unit. The microscope
tip is scanned across the sample surface by the movement
of a piezoelectric scanner, which is driven by the digital
control unit. The build-in feedback loop of the instrument
ensures a constant emission current of electrons from the
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Figure 1. STM-EBIC experimental configuration .
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tip by changing the sample-tip distance. From the variation
of the sample-tip distance the topographic information can
be deduced. A detailed description of STM-techniques can
be focund in e g [5] In order to enable an emission from the
tip a voltage has to be applied between tip and sample
which must be sufficiently high in order to ensure a genera-
tion of electron-hole-pairs (e-h-pairs). If the sample exhibits
internal electrical fields, e.g by a Schottky-contact present,
the e-h-pairs are separated by this field leading to a current
in the external circuit, which can be amplified by the current
amplifier. Subsequently the current value is converted in a
form suitable for further numerical processing by a digital
to analogue converter. The current value is displayed on a
computer monitor as a grey scaled picture, in which each
pixel corresponds Lo a tip position on the sample surface.
By scanning the tip across the sample surface both informa-
tions, topography and induced current can be measured
simultaneously and displayed on

the monitor.

Problems Associated with the Measurement of
Electron Beam Induced Current in an STM

Even though the basic experimental configuration is not
too complex, a straightforward application of an STM in
electron beam induced current investigations is not
possible. There are several difficulties which must be
circumvented when using an STM in EBIC-measurements.
The following compilation gives a brief insight in the
problems associated with STM-EBIC.

In STMs the voltage applied between tip and sample is
in the range of some volts, since for tunnneling no higher
voltages are necessary. These voltages are not high enough
to emit electrons from the tip with a kinetic energy suffi-
ciently high for the formation of electron-hole-pairs in the
semiconductor sample. However, with higher voltages
applied to the tip ionization processes can occur. Impact
lonization of ambient gas molecules by the accelerated
electrons can be excluded since the mean free path length of
the emitted electrons is much greater than the tip-sample

distance [6], but, due to the high electrical field strength
between tip and sample, field ionization of the ambient gas
molecules will occur, leading to statistical fluctuations of
the emission current [ 1] The fluctuations can not be com-
pensated by the feedback loop because they lead to spikes
in the emission current, causing unpredictable variations of
the generation of e-h-pairs which finally influence the
induced current.

Since all scanning probe microscopes are optimized for
an application in near field microscopy, in which the area
under investigation is usually some square nanometers, the
scan range is limited to some microns depending on the
scanner used. One advantage of SEM, the fast change trom
a macroscopic view to a microscopic view by simply
changing the magnification, is not available in scanning
probe microscopes. It is therefore extremely time con-
sumptive to find the sample structures of interest, e g the
space charge region of a pn-junction in an STM, since the
sample can nct be translated under the tip while the scan is
in progress.

If the apphed voltage to the tip exceeds the operating
voltage of the emission current amplifier monitoring the
emitted current form the tip. the amplifier is highly endan-
gered to be damaged if the tip has direct contact to the
sample which leads to an extremely high current.

Finally, a conventional STM is not capable of measuring
induced currents since it is equipped only with one current
amphifier for the emission current. Therefore an additional
current amplifier must be implemented into the instrument.

Realized STM-EBIC Microscope

From the problems listed in the section above demands
can be deduced which can be addressed to an STM if the
instrument is applied to induced current measurements.

The voltage applied to the tip must be increased. Practi-
cal values are in the range between 10 V and 100 V. In
order to avoid field ionization of ambient gas molecules the
whole equipment should be operated under vacuum condi-
tions. The possibility of finding the sample structures of
interest can be improved by allowing a sample shift while
the scan is in progress preferably with nanometer accuracy.
The STM should be equipped with an input protection
circuit for the emission current amplifier and with an addi-
tional current amplifier for the measurement of induced
currents. The option of biasing the sample as necessary for
special EBIC-measurements should be implemented, too.

All the demands have been transformed into a working
STM-EBIC microscope realized in a TopoMetrix scanning
tunneling microscope. Figure 2 shows the schematic set-up
of the STM-EBIC microscope. In order to avoid field
ionization the instrument excluding electronics has been
brought into a vacuum chamber allowing a minimum oper-

ating pressure of approx. 1.0-10"" mbar.
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Figure 2. STM-EBIC microscope: schematic set-up .

At this low pressure field ionization has not been observed
and consequently the emission current is stabilized The
emission current amplifier has been equipped with an input
protection, which allows a shortening between tip and
sample without any damage to the amplifier. The increase
of the emission voltage has been achieved by creating a
series connection between the emission current amplifier
and a voltage source (battery) allowing emission voltages in
the range from 1V up to 100 V. Great care has been taken
tor the shielding of this series connection since the emission
current amplifier is very sensitive against external distor-
tions. The amplifier for the amplification of the induced
current signal has been mounted to close proximity to the
sample to avoid any distortions reducing the signal to noise
ratio of the current signal. Due to the use of an operational
amplifier as current amplifier a biasing of the sample with
simultaneous measurement of the current s possible. A
precise shifting of the sample even when the scan is in
progress can be performed by the use of a so called tripod-
scanner as specimen holder. By invoking the tripod-scanner
a translation of the sample is possible with an accuracy of
some ten nanometers.

Measurement Results

The following micrographs show measurement results
obtained in the developed STM-EBIC microscope on
various samples. Figure 3 shows the experimental set-up
used for EBIC investigations on a silicon sample with a
layer n-doped by ion implantation with a thickness of
0.7 um. Figure 4 depicts the topography micrograph of the
cross-section of the silicon sample. The micrograph shows
an increase of the topography due to a formation of an
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inclined plane by sample preparation. The corresponding
STM-EBIC micrograph (Figure 5) shows an induced cur-
rent signal in the doping region probably indicating the
presence of internal electrical fields due to doping inho-
mogeneities in depth as expected for ion implantation. The
spatial resolution of the measurement can be estimated to
be 300 nm.

Figure 6 depicts the experimental configuration as used
for EBIC-measurements on a Si-Schottky-diode. The
Schottky-diode was fabricated by evaporating an aluminium
dot onto the p-doped semiconductor. The Schottky-diode
has not been biased for the measurement. Figure 7 reveals
the topography micrograph of the sample showing clearly
the edge of the aluminium dot. The corresponding
STM-EBIC micrograph (Figure 8) indicates electrical fields
present at the edge of the Schottky-contact by an increase
of the induced current in the vicinity of the contact. Fur-
thermore a decrease of the magnitude of the induced cur-
rent occurs when the tip comes in close proximity to the
contact. This effect also has been observed in numerical
simulations of induced currents, too, and can therefore be
understood as an interaction of the electrical fields intro-
duced to the semiconductor by the biased tip and the
internal electrical fields present due to the Schottky-con-
tact. The reachable spatial resolution in this measurement is
approximately 300 nm.

Conclusions

The present work demonstrates that the measurement
of electron beam induced currents in a scanning tunneling
microscope can provide information of the electrical
situation within a semiconductor sample. The capabilities
inherent in this technique can only be exploited to full
extend when an STM is adopted to the demands that this
technique put on the instrument. The reachable spatial
resolution with an optimized instrument is in the range of
some hundred nanometers.
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