
The combination of scanning tunneling microscopy
with atomic force microscopy will apparently make it possi-
ble to obtain exhaustive information on the state and phys-
ical-chemical properties of the surfaces of many substances.
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M. S. Kaikin. Scanning tunneling microscopy and spec-
troscopy. The scanning tunneling microscope (STM)' oper-
ates through the scanning of the tip of a metal needle along
the X, Y coordinates over the surface of the conductor under
study, at a distance z = 5-10A. As a result, a tunnel current^'
flows. The current j is held at a constant magnitude by an
electronic circuit which adjusts the distance z. A recording
of the adjustment voltage in the X, Y coordinates maps
out the surface S(x,y) of a constant tunnel current
y=yoexp( -Az<pxn), where A~\ A" 1 • (eV)"1 / 2 . At a
constant local height of the potential barrier (at a constant
work function), cp, the surface S corresponds to the geomet-
ric surface of the sample.

If cp is not constant over the surface of a sample, then the
value of cp at the surface point below the needle can be found
by modulating the distance z with a frequency v higher than
the frequency band of the regulation of z. The signal at the
frequency v is proportional to the quantity <p112 = d In j/dz.
Scanning the needle over the part of the surface under study
thus simultaneously yields a map of the profile of the surface
S(x,y) and a map of the S distribution of the local height of
the potential barrier <p(x,y).

This method for measuring cp is one of many ways in
which STM's can be used to study localized energy states of
electrons in a surface layer of a sample. These various meth-
ods are known collectively as "scanning tunneling spectros-
copy." Examples of such studies can be found in reports at
the last conference on scanning tunneling microscopy2; one
example is discussed below.

The spatial resolution of scanning tunneling micros-
copy and scanning tunneling spectroscopy reaches ~ 2 A in
the X, Yplane and ~ 0.02 A along the normal to it (along the
Z direction), so the positions of individual atoms can be
measured, and particular features of the electronic proper-
ties of a sample can be localized—at the same resolution.23

Figure 1 shows a topogram recorded in the course of an ex-
periment with a scanning tunneling microscope (depth ~ 1
A) of a crystalline surface of pyrolytic graphite.4 The bright
spots are carbon atoms which emerge at the surface. The
recording noise can be eliminated through a subsequent
computer processing. The writing conditions are character-
istic of scanning tunneling microscopy: The voltage across

the needle-sample gap was 10 mV; the tunnel current was 5
nA; and the duration of the recording was ~ 20 s. The sur-
face of the sample must be clean. Graphite is particularly
convenient in this regard since a graphite surface produced
by cleavage remains clean even in the atmosphere. In other
cases, e.g., in a study of silicon,3 it is necessary to clean and
anneal the surface in vacuum. Immersion in a gas or liquid
does not prevent the operation of a scanning tunneling mi-
croscope; these fluids are important only for performing a
required processing of the surface of a sample or putting the
surface in a required state.5

Using a scanning tunneling microscope at a lower reso-
lution, 10-20 A along X, Y, is a far simpler matter than
working at the highest possible resolution, in particular, be-
cause the requirements in terms of the isolation from vibra-
tional noise are less severe. Even in this case, however, the
scanning tunneling microscope can solve many problems of
a scientific or technological nature which cannot be solved
by other methods.2'6

The use of scanning tunneling microscopy to study su-
perconductivity is particularly interesting and important. In
particular, it can be used to study the properties of high-
temperature superconductors. Figure 2 shows a distribution
of the energy gap n = 2A//c7"c over the surface of a
YBa2Cu3Ox microscopic crystal near its boundary with the
normal region of the sample, with n = 0. This distribution
was obtained at 4 K by scanning tunneling spectroscopy.7 It

FIG. 1.
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ing microscope, the needle is also "stepped" along the sur-
face of the sample under computer control, but the motion
along Z occurs exclusively under the control of a feedback
system which maintains a constant tunnel current—without
any significant withdrawal along Z.

These examples illustrate the completely unusual capa-
bilities of research methods using scanning tunneling mi-
croscopy, scanning tunneling spectroscopy, and versions
thereof which will be of decisive importance for making
progress in all branches of the physics and technology of
surfaces.

FIG. 2.

turned out to be impossible to scan the needle along the sur-
face of the sample in a study of substances of this type, since
they become covered by a nonconducting layer 100-200 A
thick, apparently because of a loss of some of the oxygen.
The needle is immersed into the surface layer in order to
achieve a tunneling contact. In the experiment, the needle
was moved in the following way: After a measurement at
some point, the needle was withdrawn from the sample
along Z; a step was made along X; and then the needle was
brought back up to the sample along Z at the new measure-
ment point. In the standard operation of a scanning tunnel-
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V. G. Vaks, S. P. Kravchuk, and A. V. Trefilov. Micro-
scopic theory of anharmonic effects in alkali and bcc alkaline
earth metals. Anharmonic effects in the dynamics and ther-
modynamics of metals are important to their high-tempera-
ture properties, in the physics of soft modes, and in other
phenomena. So far, we have little in the way of quantitative
data on anharmonic effects, and the theoretical predictions
are frequently uncertain and contradictory.1'2 Alkali metals
are some of the most convenient objects for a study of anhar-
monic effects, and there are several indications that the na-
ture and relative scale of the anharmonic effects (e.g., near
the melting point Tm ), are identical in these and other met-
als. This suggestion is supported, in particular, by our calcu-
lations for alkaline earth metals. Consequently, the calcula-
tions of Refs. 1-5 and the experiments of Refs. 6-9 for alkali
metals may also be regarded as sources of information on the
general features of anharmonic effects in metals.

The following anharmonic effects have been studied in
detail in Refs. 1-5 on the basis of the pseudopotential model
developed previously, which permits an extremely accurate
description of the properties of alkali metals (see, for exam-
ple, Ref. 10 and the bibliography there):

1. anharmonic frequency shifts Aco,(T) = co,(T)
— cOj (0) and an anharmonic phonon damping1 F,(T);

2. the effect of pressure on anharmonic effects and the
temperature dependence of the Griineisen parameters,3

Yi{ T)= - d In cot (T)/d In V;
3. The third-order elastic moduli4 cijk and the tempera-

ture dependence of the second-order elastic moduli5 c{j (T);

4. anharmonic effects in thermodynamics2—in the free
energy, the heat capacity, the thermal expansion, etc.;

5. anomalies in anharmonic effects for "soft" phonons
associated with martensitic phase transitions.I>3

The calculations of Refs. 1-5 showed that anharmonic
effects are dominated by soft phonons (in the bcc metals
under consideration here, near the transverse branch 14, i.e.,
TA! [ 110]). This seems to be a general property of anhar-
monic effects in crystals with soft modes.l! The form and

FIG. 1. The Griineisen parameters y, for the £4 and G, phonon branches
in bcc alkali metals. The lines are theoretical.3 Dashed line—Potassium,
T= 0; solid line— T= 299 K. The points are experimental. 1—Potas-
sium,9 T= 4.2 K; 2—sodium,6 T= 295 K.
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