Scanning Tunneling Microscopes

Commercialisation of scanning tunneling
microscopes (STMs) in the pioneering years
from about 1986 saw fairly widespread dis-
semination of some 400 or more units,
where the microscope head was supplied
either as a table-top device or as a stage
that could be bolted on to an existing va-
cuum system. Digital Instruments, Inc., one
of the several manufacturers among those
supplying, or about to supply, the European
market (see below) also offers a “’stand-
alone’” head that is designed to be placed
on large specimens such as magnetic discs
and mirrors. The availability of these various
STM stages and their associated control
electronics, together with computer inter-
faces and software, allowed researchers to
familiarise themselves with the scientific
capabilities of the technique for a relatively
small initial outlay (about 150 k SFR).

The combination of excellent scientific
results, greater appreciation of potential
applications and the improved availability of
commercial instruments has wetted appe-
tites. Manufacturers will be placing greater
emphasis on the needs of technologically
orientated users interested in micrometrolo-
gy for instance, and of non-traditional users
who are not solid state physicists, particu-
larly biologists, biochemists and polymer
scientists wishing to exploit atomic force
microscopy (AFM). An advantage of AFM is
that non-conducting specimens can be ima-
ged in both air and solution to give easily
interpreted topographic information. For
example, observations of nucleic acids such
as DNA tell much about aspects of gene
regulation that depend on molecular struc-
tures at the 0.02 to 0.25 nm level, coinci-
ding with the resolutions of most STMs and
AFMs.

Specialists in surface science have in the
meantime been building for themselves so-
phisticated, high resolution systems capa-
ble of imaging specimens, cleaned in-situ,
at very low pressures. Our article by mem-
bers of a group working at the University of
Basel describes one such system. Several
companies, notably Omicron Vakuumphy-
sik GmbH and VG Microscopes Ltd. in Eu-
rope, have commercialised complete UHV-
STM systems of this type, designed and
engineered to production standards. In spite
of their relatively high cost (around 300-
350 k SFR on average) and limited sales,
interest remains since surface scientists
will continue to require these ready-to-use
instruments incorporating a full range of
ancillary techniques such as low energy
electron diffraction, etc.

Some impressive results have been re-
ported recently for state-of-the-art UHV-
STMs. The Basel group has been able to
image the atomic structures of steps, seve-
ral atoms high, arising on the surface of
silicon crystals (Europhys. Lett., to be pu-
blished in May 1990). A group based at the
University of Aix-Marseilles Il, which is col-
laborating with Micro-Contréle S.A., have
resolved atomic features on the surfaces of
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small gold clusters (1.0-1.5 nm diameter) de-
posited in-situ on graphite (Europhys. Lett.
10 (1989) 533). Such clusters have up to
now been thought to be too instable to al-
low imaging at this level of resolution. Other
recent results are reviewed in the article by
members of a group at Aarhus University
who collaborate with Struers in Denmark.

AFMs are presently been supplied by
Digital Instruments and by Park Scientific
Instruments as a separate microscope
stage that can be plugged in to the compa-
nies’ table-top and bolt-on STM systems.
Microscope heads exploiting other imaging
techniques will become more readily availa-
ble, allowing users to continuously upgrade
their systems.

There are also commercial development
projects underway in Europe and the US
aimed at extending the range of AFMs to
include UHV versions, either as a bolt-on
stage or as an entire UHV system, for high
resolution surface science work. The main
technical difficulty is to design a head that
can support the high temperatures (above
about 150 °C) encountered during baking
to clean the chamber.

What to look for

The performance of a STM is usually
quoted in terms of the lateral and vertical
resolutions under the specified operating
conditions, which largely depend on the
type of microscope stage (table top, bolt on,
low temperature, etc.). The design and per-
formance of the stage are crucial, with most
manufacturers offering alternative solu-
tions. Important parameters describe:

— positioning of the microscope tip with
respect to the specimen: range and speed
of the coarse and fine vertical approaches,
range and stability of horizontal positioning,
viewing of the specimen (optical micro-
scope, video camera, scanning electron mi-
croscope under development by Omicron);
— tip scanning: design of the piezoelectric
scanner, its resonant frequency, vertical
range, minimum and maximum horizontal
ranges, scanning speed, minimum and
maximum step sizes, interchangability;

— tips: type, how they are changed, the
number that can be parked, possibilities for
in-situ cleaning;

— sample: the size that can be mounted,
the number parked, possibilities for in-situ
cleaning and sample preparation, accessi-
bility of the specimen during STM, inter-
changability of the sample mount;

The performance of the controller for the
microscope head is equally important. Para-
meters that are often specified include the
ranges and settings of the specimen bias
voltage and the tunneling current, the scan
rate, and the sensitivity and performance
(noise, ripple, bandwidth, etc.) of the ampli-
fier for the tunneling current and of the
power supply for the scanner. WA Techno-
logy’s amplifier is highly reputed and,
together with Omicron’s, is one of the few
to be specified in detail.

A personal or micro computer or a work-
station is usually interfaced to the con-
troller. The degree of computer control and
the power of the computer software largely
determine a STM'’s flexibility and ease of
operation. Menu-driven software (WA Tech-
nology, Struers) is a great help. Full digital
control of the scanning tip is an advantage
as it allows imaging under adjustable condi-
tions in addition to the conventional cons-
tant current and constant tip separation
modes (Digital Instruments). It may also
enhance scanning tunneling spectroscopy
(STS) capabilities where variations of the
current are analysed (fixed point spectro-
scopy is another option).

Some STMs offer automatic positioning
of the tip according to preset values of the
tunneling conditions: the time to obtain an
image may be specified. Various display for-
mats are available, but the degree of image
processing in real-time for edge enhance-
ment, filtering, colour-scale adjustment, ca-
libration, etc. varies significantly between
instruments. Most STMs, however, offer
image rotation and zooming, corrections for
specimen tilt and offset, and the calculation
of topographic parameters such as the
mean surface roughness.

Some might well envy those fortunate
enough to be able to get their hands on one
of the very powerful table-top or bolt-on
STMs for atom level imaging and spectro-
scopy that are now available off-the-shelf
from several sources.
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