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Abstract—The experimental chamber, automation system, and method for measuring the conductance of sur-
face phases on silicon are described. This chamber isintended for measuring the conductance of superthin films
and surface phases on single-crystal silicon substrates by the four-probe method under ultrahigh vacuum con-
ditions (1071 Torr). The system is controlled by a computer and contains 12-bit analog-to-digital and digital-
to-analog converters. The measurement error is<0.5%. The measurement rate is 10 points/s.

The four-probe method for measuring the conduc-
tance of semiconductor materials[1] requires no ohmic
contacts with the sample. To apply this method, the
sample only needs to have a flat surface whose linear
sizes exceed those of the probe system.

To measure the conductance of surface layersin situ
under ultrahigh vacuum conditions, we have manufac-
tured a four-probe head in the form of a vacuum mod-
ule. It is based on a DN100 flange equipped with a sil-
phon alowing one to move the probe head in a direc-
tion perpendicular to the sample. The probes are made
of tungsten and sharpened by the electrolytic method.
The holder for the probe head is made of stainless stedl.
As insulation, we use ceramics, and connecting wires
are made of preliminarily degassed copper.

The system for conductivity measurements by the
four-point probe method includes a precision direct
current (dc) amplifier and an L-154 analog-to-digital
converter  (ADC) and digital-to-analog converter
(DAC) board (L-Card company, Moscow). The L-154
board inserted into an IBM PC/AT computer containsa
12-bit ADC and DAC. We can apply up to 16 measured
voltages via a multiplexer to the ADC input. The dc
amplifier [2] connected to the current probes and ADC
is intended for increasing the input impedance of the
system up to several GQ and matching the levels of the
signals taken from the probes to the ADC sensitivity.
The amplifier, with a differential input and output, is
based on two KP140Y125T operational amplifiers[3].
The circuit design makes it possible to decrease the
common-mode signals of this circuit by ~100 dB in
comparison with that having an asymmetric input [2].
Thegainisset a 20, since the maximum voltage taken
off the sample is 50 mV, and the maximum ADC input

voltageis 1.024 V. The current is applied to the sample
directly from the DAC output viathe precision resistor
R. To measure the applied current, the voltage drop
across the resistor is applied to the second input of the
ADC-DAC board, and the current is calculated by the
computer. The control program written in the Borland
C++ language outputs the measured results to a display
in real time in graphical, in text form, and as afile; it
also calculates the conductance taking into account all
correction coefficients and root-mean-square errors.

The ultrahigh-vacuum chamber is equipped with
optics for low-energy electron diffraction (LEED), two
holders for samples, Al source, and viewing windows.

The surface layer formation was observed by the
LEED method while viewing a crystalline structure of
the surface.

As substrates, we used rectangular monocrystalline
siliconwafers (19 x 5 x 0.45 mm) with a surface orien-
tation of (100) and aresistivity of 50 Q cm.

To form an atomically pure silicon surface, the sili-
con substrate was annealed in ultrahigh vacuum at
1200°C [4]. As aresult of the annealing, a2 % 1 super-
structure was observed by using the LEED method.
This corresponds to the formation of a Si (100) 2 x 1
surface phase.

At a substrate temperature of about ~600°C, alumi-
num was evaporated onto it from asource. According to
a phase diagram for aluminum on Si (100) [4], a S
(100) with a (4 x 12)-Al surface phase is formed under
these conditions. This is also observed by using the
LEED method. The aluminum coating in this surface
phase is about 0.45 monolayers. Further annealing of
the substrate at atemperature of 1200°C resultsin evap-
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