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The (001) surfaces of single crystals of Bi,Sr,CaCu,0, , which has a complex multicomponent
crystal structure, undergo an order-disorder structural transition (surface reconstruction) when
bombarded by electrons. The presence or absence of this surface reconstruction depends on the
energy of the bombarding electrons in an unusual resonant fashion. In this paper the
characteristics of this transition are discussed, and a model is proposed for the surface
reconstruction that explains its resonant dependence on electron energy.

INTRODUCTION

Investigations of the structure of the (001) surface of
the high-temperature superconductor Bi,Sr,CaCu,O, us-
ing low-energy electron diffraction'® and scanning tunnel
microscopy®® have shown that the surface is reconstructed,
with a structure close to (1X5). Just as in the bulk form, a
superlattice appears along the direction of the b-axis (where
a, b, and c are the axes of a tetragonal lattice); this superlat-
tice is apparently incommensurate with the corresponding
period of the tetragonal lattice, again as in the bulk form.

Previous researchers have found that irradiation by
electrons changes the surface morphology by inducing a or-
der-disorder transition.!° For a fixed irradiation dose, the
sensitivity of the surface to irradiation depends on the elec-
tron energy E in an unusual “resonant” fashion. When the
energy exceeds a certain threshold value, the surface be-
comes sensitized to irradiation. This sensitivity then in-
creases with energy, reaching a maximum at about 110 eV,
and then decreases as the energy is further increased. The
sensitivity eventually drops almost to zero at 200 eV, where-
upon it becomes almost independent of energy up to 650 eV.
This behavior is observed when “perfect” surfaces are irra-
diated, i.e., surfaces that exhibit easily observed diffraction
patterns with the well-known (1X5) structure.

Buzhko and Tso0i'® showed that irradiation of such a
surface by electrons can act like thermal annealing and re-
store the diffraction pattern; however, this occurs at a rela-
tively high energy ~600 eV.

‘While the importance of such investigations is obvious,
itis also obvious that their interpretation will be complicat-
ed, and that a variety of possible structural transitions can be
induced by irradiating the surface of a multicomponent sys-
tem with a beam of high-energy particles (or photons). The
physical nature of the electron-induced structural transition
at the surface of the (001) high-temperature superconduc-
tor Bi,Sr,CaCu,0, is not understood at the present time
(although it is known to be of order-disorder type). The goal
of this article is to clarify the nature of this transition by
investigating how the appearance of the reconstructed sur-
face under electron bombardment depends on the energy of
the irradiating electrons. The data obtained here allow us to
establish a number of distinctive features of the process. We
then propose a model of the electron-induced surface recon-
struction that includes these features, and which explains its
unusual (resonant) dependence on the electron energy.'®
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EXPERIMENT

Ourssingle-crystal samples of Bi,Sr,CaCu,O, had char-
acteristic dimensions 2X3X0.1 mm?>. The surfaces to be
studied were obtained by cleaving under the usual condi-
tions, such that the normal to the surface coincided with the
direction of the ¢ axis. The original single crystals were
grown by crucibleless zone melting in an atmosphere of air.!!
The stoichiometric composition of the crystals was deter-
mined by microscopic x-ray diffraction analysis. The super-
conducting transition temperature of the original ingot,
which was determined by measuring the magnetic suscepti-
bility inductively, was about 86 K, with a transition width of
6 K.

Our measurements were made in an ultrahigh vacuum
two-chamber “Riber”” apparatus, equipped with the stan-
dard devices for rapid introduction of a sample and control
of the atomic structure and chemical composition of the sur-
face and residual gases, along with a universal sample ma-
nipulator with a system for heating and cooling. The work-
ing pressure in the chamber was ~10~° torr. The
measurements showed that samples could be left in the
chamber for several months under these conditions without
causing any detectible changes in the diffraction pattern or
chemical composition of the surface.

The diffraction pattern was observed after placing the
cleaved sample in the high-vacuum chamber and heating it
for several minutes at ~600 °C. A high-quality diffraction
pattern appeared only when the energy of the bombarding
electrons was in the range 12-30eV. In analyzing the quality
of the surface morphology, we used the most strongly pro-
filed diffraction pattern, which we observed on a perfect sur-
face at an electron energy of 16 eV. The same electron beam
was used to irradiate and to observe the diffraction pattern.
The energy of the electrons that drive the structural change
in the surface differs considerably from the relatively low
energy of the electrons used to analyze the surface morphol-
ogy. Therefore, it was necessary to eliminate a shift in the
electron beam (with a diameter of ~1 mm) along the sam-
ple surface as the electron energy changed before recording
the structure of the irradiated portion of the surface. This
was done in the following way. In the drift region of the
electron beam, the magnetic field, which interferes with the
rectilinear motion of the electrons, was nulled using three
pairs of square coils (with sides ~ 80 cm) arranged so that
their centers coincided and the axes of the coils were mutual-
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ly perpendicular. The axis of one pair was directed along the -

axis of the electron beam, while one of the axes of the two
other pairs was placed in the horizontal plane. Using a beam
normally incident to the surface, we then recorded the elec-
tron diffraction pattern from the (001) surface of a single
crystal of YBa,Cu,0, with characteristic dimensions 0.2 to
0.3 mm for electron energies in the interval 10 to 300 eV. By
monitoring the currents in the coils, we were able to place the
maximum intensity of the diffraction pattern at a previously
specified position on the sample in the center of the electron
analyzer at various electron energies.

The diffraction pattern was recorded using a computer-
controlled system (described in detailin Ref. 12). The image
from a fluorescent screen was projected onto a photocathode
by a television dissector tube, operating in the counting re-
gime. The dissector has an electromagnetic digital sweep.
The system allowed us to measure the local brightness of the
optical image of the electronic diffraction pattern on the flu-
orescent screen with a standard four-grid electron diffrac-
tometer. A computer was used to control the system and to
collect and process the data in the various regimes (see Ref.
12).

We designed a system for correcting the distortion gen-
erated by the optical objective and electromagnetic focusing
and deflection systems of the dissector. These corrections
were made in the following way: an image was recorded of a
control template consisting of a regular square lattice of
points. This template was then used to define a transforma-
tion from the digital coordinates of a point (m,n) to spatial
coordinates (x,y) that transformed the actual image into a
template image without distortion. This procedure allowed
us to reproduce the true position of a point on the screen with
an accuracy of ~0.1 mm. '

In order to increase the accuracy of our measurements
of the angular distribution of electrons, we took into account
the fact that the reflections actually fluoresce on a “spheri-
cal” surface. This fact is particularly important when the
optical axis of the television tube does not coincide with the
axis of the electron beam.

A mathematical algorithm and computer program were
devised to correct the distortions of the electron-optics re-
cording system. By imaging the diffraction pattern on the
spherical fluorescent screen, we were able to transform it
into a two-dimensional image of the diffraction pattern in
wave-vector space in a plane perpendicular to the direction
of propagation of the electron beam. We have presented the
data from the diffraction measurements given in this paper
in this form.

We studied the electron-induced creation of recon-
structed surfaces by recording how the diffraction pattern
changed when the sample surface was irradiated by elec-
trons with various energies in the interval 200 to 650 eV. An
initially defective surface was prepared in the following way.
The surface of an annealed sample on which we observed a
high-quality diffraction pattern was irradiated by electrons
with energies of 80 eV at a dose of around 10~* K/mm?. The
diffraction pattern was recorded using 16 eV electrons, with
an electron beam current that never exceeded 5-10~° A. Ir-
radiation by electrons with this energy produced practically
no observable degradation of the diffraction pattern;'® fur-
thermore, this energy was optimal from the point of view of
obtaining an intense diffraction pattern with high spatial res-
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olution. The electron beam was directed along the normal to
the sample surface. This orientation of the normal prevented
us from recording the most intense peak in the neighborhood
of the (00) reflection (see below), because the apparatus
was constructed in such a way that a considerable portion of
the central region of the fluorescent screen was blocked by a
manipulator, making it impossible for us to observe all the
groups of superlattice reflections. However, from the point
of view of simplifying the total structural analysis of the sur-
face of such a complicated system (without loss of realism),
especially with regard to the feasibility of subsequent nu-
merical analysis, the direction of the incident beam along a
symmetrically directed c-axis is undoubtedly preferable. As
arule, we recorded individual portions of the diffraction pat-
tern in order to shorten the measurement time and thereby
decrease the effect of thermal annealing on the experiment.

RESULTS

The diffraction pattern consists of a number of superlat-
tice reflections located along the b axis, with a maximum
intensity in the neighborhood of the (00) and (11) direc-
tions. The intensity of the reflections in the neighborhood of
the (00) direction are approximately an order of magnitude
higher than the intensities of the corresponding reflections
in the neighborhood of the (11) direction. In Fig. 1 we show
the measured cross section of the diffraction pattern passing
through reflections (11) and (11), which are located near
the points + 0.18 A~!, after subtracting the background.
The procedure for subtracting the background was as fol-
lows. The diffraction pattern was measured twice: once with
the electron beam focused onto the surface, and a second
time with maximum defocusing. The defocused image was
considered to be the background and was subtracted from
the focused image after multiplying by a weighting factor
that took into account the change in intensity of the electron
beam due to defocusing. As a rule, the absolute intensities of
the equivalent reflections in the neighborhood of the (11)
points differ somewhat; this is also apparent for the case
shown in Fig. 1. A distinctive feature of the diffraction pat-
tern throughout the entire range of energy is the extremely
weak intensity of reflections corresponding to the tetragonal
(basal) lattice. In Fig. 1 we see a very weak (10) reflection
near zero (an analogous situation occurs for the (00) reflec-
tion as well). On the same diagram, we show the shape of
individual lines calculated in the kinematic approximation,
and their sum. In these calculations the line shape was as-
sumed to be Lorentzian, i.e., 1(q) <{(q—q,)*+ 8},
where q is the wave vector of the reflected electron, g, is one
of the vectors of the reciprocal lattice, and the correlation
radius is . = 27/f. Practically the same result is obtained
when a Gaussian line shape is used. When r, = 80 A~ we
obtain satisfactory agreement between the calculated line
shape and the one observed experimentally (see Fig. 1).

In the initial state, i.e., after irradiation of the sample by
electrons with energies 80 eV at a dose of about 10~* K/
mm?, the superlattice reflections were almost absent. The
equilibrium state is the reconstructed (1X5) surface; this
surface is also the one that appears as a result of annealing.
Because the behavior of the various reflections is similar, we
usually based our studies of the dynamics of the reconstruc-
tion on measurements of the amplitude of the most intense
superlattice reflection, which in Fig. 2 has the coordinate
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FIG. 1. Measured cross section (points) of the diffraction pattern passing
through the reflections (11) and (11), shapes of individual lines calculat-
ed in the kinematic approximation, and their sum (the solid curve). The
intensity is plotted along the ordinate, the component of the wave vector
along the b axis along the abscissa.

~0.14 A=, The dynamic evolution of the superlattice re-
flections at room temperature is easily seen in the data of Fig.
2. In this figure, we show the time dependence of the relative
amplitude of the reflection A(¢)/4,, which determines the
degree of crystallinity of the structure, along with the quan-
tity 1 — A(¢)/A, which determines the degree of imperfec-
tion of the structure; 4(¢) and 4, denote respectively the
amplitude of the reflection after annealing for a time ¢ and
the steady-state (equilibrium) amplitude established after a
sufficiently long annealing time. The kinetics of this process
cannot be described by a single exponential. However, by

using exponential dependences we can describe the kinetics
adequately by assuming there are two regions of exponential
behavior: the first stage of the relaxation and the last, for
each of which exponential dependences are appropriate,
only with different exponents (see Fig. 2b).

During irradiation by an electron beam, the relaxation
process is greatly accelerated. Its dynamics are shown in Fig.
3a, which records the time dependence of the structural im-
perfection of surfaces irradiated by electron beams with dif-
ferent energies and intensities. This dependence is exponen-
tial in form (see Fig. 3a), i.e., 1 — A4 /A xexp( — al/t),
where a is a constant determined by the value of the electron
energy, I, is the current flowing through the sample, which
is proportional to the intensity of the electron beam, and # is
the time.

The relaxation rate depends both on the beam intensity
and on its energy; the coefficient in front of the time in the
exponent depends almost linearly on intensity (see Fig. 3b).
In Fig. 4 we show the experimental dependence of the coeffi-
cient  in the exponent on the electron energy (points) and
the calculated dependence, assuming the exponential de-
pendencea ~a, exp( — E /112.3). The coefficient in the ex-
ponent is determined by the method of least squares. Agree-
ment between the experimental data and the calculations is
satisfactory (see Fig. 4).

It was also established experimentally that irradiation
by electrons with energies of 200 eV and higher not only
establishes the diffraction pattern with the superlattice re-
flections, but also causes it to degrade. The features of this
process that distinguish it from irradiation by electrons with
lower energies are its effective cross section, which is more
than an order of magnitude smaller, and its relaxation time
after irradiation, which is more than an order of magnitude
longer. When the amplitudes of these reflections were sup-
pressed to ~30% of their values by irradiation with 650 eV
electrons, the recovery of these amplitudes required about a
month. When a defective surface was irradiated by electrons
in this energy range, the diffraction pattern changed with
time as follows. First, a diffraction pattern with superlattice
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FIG. 2. Dynamic evolution of the amplitude of the superlattice reflections at room temperature.
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FIG. 3. (a) Dynamic evolution of the amplitude of the superlattice reflections under an electron beam for various values of the current through the
sample (in units of 10~° A) and energy E of the electrons (ineV): ¥, *—E = 200eV, I, =20and 31.7; R, O, %, +,0—E =300eV, I, =2.4,13.6,
15.0,29.0, and 40.0; X —E = 400eV, I, = 20.5; )—E = 650eV, I, = 1.3. (b) Intensity dependence of the exponent al; (see Fig. 4a) that determines
the relaxation rate on the current I, flowing through the sample. The electron energy is 300 eV.

reflections was established rapidly; then this pattern slowly
degraded, manifested in a decrease of the amplitude of the
superlattice reflections.

It is noteworthy that structural changes also take place
under the action of an electric field. In our experiments, this
field was created by applying an electric potential across the
sample. Without dwelling on technical details, we note the
following important facts: the surface without a superlattice
can exist in a metastable state, and has an appreciable proba-
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FIG. 4. Dependence on electron energy of the exponent a (see Fig. 4a)
that determines the relaxation rate for fixed electron beam intensity.
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bility of entering this state when subjected to a negative po-
tential of 50 V relative to ground. In Fig. 5 we show the time
dependence of the total quantities, i.e., reflection amplitudes
A(t) and diffusive background beneath the reflection, for
the case where a structural transformation occurred after we
turned off a voltage of 50 V kept across the sample for 1 hour.
The solid curve, which gives a picture of the temporal evolu-

1, arb. units
1400 —a—
ET‘;...‘ .n. _‘.'-‘.‘.:
1200
1000 g
800
] ) LN LR
- AL N
600 +rr e
0 1 2 3 t,10°s

FIG. 5. Time dependence of the intensity of the reflection after removing a
voltage from the sample. Along the ordinate we plot the total intensity of
the reflections and the background under the reflection in arbitrary units.
For £>3000 s, the intensity of the reflection equals zero.
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tion of the process, has the form 7(z) =656 + 695/
{1 + exp[( — 2450 + ¢)/150]}; this adequately describes
the experimentally observed time dependence of the reflec-
tion intensity. Here ¢ is measured from the time at which the
voltage is turned off. We established experimentally that the
surface does not always transform to a state without struc-
tural reflections after the potential is turned off; sometimes
the superlattice is preserved and the diffraction reflections
are practically the same intensity as they were before the
potential was applied.

DISCUSSION

The data shown in Fig. 1 constitute a precise measure-
ment of a cross section of the diffraction pattern from the
(001) surface of Bi,Sr,CaCu,O, . As such, they allow us to
estimate the potential spatial and structural resolution of
our apparatus. The effective correlation length equals 80 A.
Because the apparatus correlation length is approximately
equal to this value, all we can say regarding the correlation
radius for the superlattice is that it is no smaller than 80 A.
Measurements show also that the distance between the su-
perstructure reflections remains constant with low accuracy
(~6%) exceeding the spectrometer resolution; this indi-
cates in particular that the investigated surface is structural-
ly not perfect.

The relatively rapid rate at which equilibrium is
reached on the surface at room temperature indicates that
the process of surface reconstruction has a low-energy bar-
rier (see Fig. 2).

A characteristic feature of the structural dynamics of
the surface is the existence of a metastable state (see Fig. 5)
that becomes available to the surface when a potential of

— 50V is applied to the sample with respect to ground. The
transition is induced by an electric field that acts on the ions
and is localized in the near-surface layer of the sample. Be-
cause the distance between the sample and the “ground” is
approximately 1 mm and the sample surface is planar, the
electric field intensity is small, ~500 V/cm; this suggests
that the external electric field by itself has only a small effect
on the sample, and can initiate the transition only where the
system is “predisposed’’ to change states, as in ferroelectrics.

Surface reconstruction involves a shift in the positions
of the surface atoms. In order for this to occur, it is necessary
to supply the atoms with kinetic energy (usually tunnelling
effects are negligibly small). Kinetic transfer of energy from
an electron to an atom is ineffective when the surface is irra-
diated by electrons. The true path for supplying an atom
with kinetic energy is the following. First, an atom is either
ionized or excited as a result of the interaction with an elec-
tron. The position of the atom in its new state may then differ
from its original position due to the difference between the
interaction potentials of the atom in its equilibrium and ex-
cited states. The energy necessary for this change in position,
whose minimum value determines the threshold energy of
this process, is transferred to the atom from the electron that
interacts with it. The atom then makes an adiabatic transi-
tion to its equilibrium state, thereby acquiring kinetic ener-
gy. This process, which explains many features of electron-
induced desorption,'® can take place by very different
routes, e.g., by excitation of neighboring individual atoms or
groups of atoms which in turn leads to a shift of a given atom,
etc. The change in the kinetic energy of an atom is propor-
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tional to the time required for relaxation to the equilibrium
state. It depends on the form of the interaction potential
between an excited atom and its neighbors, which deter-
mines the accelerating force, and is inversely proportional to
its mass. It is obvious that this process should play an impor-
tant role in the electron-induced surface reconstruction dis-
cussed here. Note that its sensitivity should be considerably
higher than that of the desorption process, because surface
reconstruction requires considerably less energy than de-
sorption.

The electron beam affects the surface structure through
a mechanism that is electronic in origin. Evidence for this is
the fact that the sensitivity to irradiation depends linearly on
the beam intensity (see Fig. 3b). Although local heating of
the sample due to release of Joule heat can also cause a super-
lattice to form, this effect is apparently unimportant. In ad-
dition to the linear intensity dependence, the sensitivity to
electron irradiation exhibits a number of other characteris-

‘tics that show that this approach is valid, which will be dis-

cussed below. Animportant feature of the relaxation process
that also suggests that the interaction is electronic is the
threshold dependence of the radiation sensitivity on the elec-
tron energy. In the range of energies investigated here, this
dependence is satisfactorily described by an exponential.
These features point to the following model for the electron-
induced surface reconstruction. Atoms are excited by elec-
tron bombardment, which is a threshold process. As the ex-
cited atoms relax, they acquire kinetic energy and
momentum. They transfer this kinetic energy to neighboring
atoms, which are left in a nonequilibrium state (i.e., genera-
tion of phonons takes place). This situation, along with the
low energy barrier, leads to a significant increase in the re-
laxation probability, as occurs during thermal heating.

This model allows us to explain the following features of
the electron-induced surface reconstruction: the threshold
dependence of the radiation sensitivity on electron energy,
the resonance form of this energy dependence for the elec-
tron-induced structural order-disorder transition that oc-
curs at the (001) surface of the high-temperature supercon-
ductor Bi,Sr,CaCu,0, , and the fact that the degree to which
the electron beam affects the surface depends exponentially
on the radiation dose.

Because the electronic excitation of an atom has a
threshold energy dependence, the sensitivity of the electron-
induced surface ordering has the same dependence. The ex-
ponential dependence of the electron beam effectiveness on
the irradiation dose is a natural consequence of the model
proposed here. Using this model, it is possible to explain the
unusual energy dependence of the electron-induced struc-
tural order-disorder transition at the (001) surface of the
high-temperaure superconductor Bi,Sr,CaCu,O, in the fol-
lowing way. Atoms are excited as a result of their interaction
with electrons. There are two threshold values for the ener-
gy: a lower threshold of ~ 10 eV, corresponding to the exci-
tation of electrons that are weakly bound to the nucleus, and
a higher threshold of ~ 100 eV corresponding to excitation
of deeper internal electronic shells. In the process of atomic
relaxation, excitation of states of the external electrons leads
only to the formation of structural defects on the surface,
which mediate a transition of the structure to a metastable
state. In the process of atomic relaxation with excitation of
the internal electronic states, these defects are annihilated.
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FIG. 6. Amplitude of superlattice reflection (02/5) after electron irradia-
tion at a fixed dose on the energy of the irradiating electrons. In these
measurements the amplitudes of the reflection before irradiation was the
same.

Both these processes differ not only in their excitation
thresholds but also in their scattering cross sections.

Let us characterize the perfection of the lattice in terms
of the concentration of regular nodes c. Then if we take the
defect concentration to equal 1 — ¢, it is natural to assume
that for specified cross sections for defect creation o™ and
annihilation o~, a flux of electrons AP causes a change in
the concentration Ac = — 0+ cA® + o~ (1 — ¢)AD. In this
case, for an initially perfect structure (i.e., ¢ = 1 for & =0)
the dependence of the defect concentration on the electron
energy E and irradiation dose ¢ has the form c(E,P)

=0 (E)/0"(E) +07 (E) +0"(E)/0*(E) + 0™ (E)
xexp{ — [07(E) + o+ (E)]®}. For a fixed radiation
dose, the dependence of the structural imperfection on elec-
tron energy has a form analogous to that observed experi-
mentally (see Fig. 6). In Fig. 6, along with calculations (sol-
id curves) we show how the efficiency of superlattice
disruption depends on the energy of the irradiating elec-
trons'® (the circles). Along the ordinate we plot the relative
reflection amplitude after electron irradiation with a fixed
dose, while along the abscissa we plot electron energy. In
these calculations we have assumed that the energy depend-
ence of the scattering cross section has a form characteristic
of scattering processes with an energy threshold, near which
o =0 for E <E,, and 0 = 0,(E — E,)"'? for E> E, (Ref.
14), where E, is the value of the threshold. The parameters
of the calculation are as follows: the lower threshold is40 eV,
the upper threshold is 160 eV, and the scattering cross sec-
tions are takentobe o," = 1/20 0, and 05 ® = 0.8, respec-
tively. In order of magnitude, we have 0, <107'® cm?. In

the figure we show how the shape of the curves changes with
®. For the curves given here, the change in ¢ was 5%.

Of course, we have no real proof that this model is valid.
In order to verify it, the most important question to answer
is: what atoms must be excited in order that defects either
form or be annihilated, and why? The answers to these ques-
tions require additional investigations. However, we can
identify a number of factors that might determine the degree
to which atoms participate in the process. The binding ener-
gies of electrons in the various atoms that make up the lattice
lie in the energy range up to 650 eV in which the surface
reconstruction takes place. These energies are listed in the
table of Ref. 15. Here we have taken the Fermi level to be
zero in measuring the binding energies. By using Auger spec-
troscopy, it was established previously that cleavage of sin-
gle crystals of Bi,Sr,CaCu,0, takes place along planes that
separate weakly bound oxygen-bismuth planes.” Thus, the
surface is a BiO plane followed by CuO and SrO planes, and
the diffraction pattern is primarily determined by the struc-
ture of the bismuth planes. Apparently, disordering of the
positions of oxygen or bismuth atoms also causes the struc-
tural reconstruction. Both these elements have energy levels
around 40 eV (see Table I). All other conditions being
equal, disordering of the oxygen structure is more probable
because an atom of oxygen possesses a smaller mass than an
atom of bismuth, and thus acquires more energy during
adiabatic relaxation. If the excitation of an atom determines
the relaxation process of the surface, the fact that the thresh-
old energy for this process is ~ 160 eV implies that such an
atom cannot be either an O atom or a Ca atom (see TableI).
The possibility of Bi, Sr, and Cu (which have masses 83, 38,
and 29, respectively) participating in the process is not ex-
cluded. Attenuation of the electron beam, due in particular
to inelastic energy losses, causes the efficiency of electronic
excitation to be a maximum for bismuth and a minimum for
copper. It seems to be impossible to determine unambigu-
ously which electronically excited atoms determine the elec-
tron-induced process of surface ordering without carrying
out an exact theoretical calculation. We note, however, two
more circumstances that argue in favor of bismuth, both due
toits large mass. First of all, bismuth has the largest effective
cross section; secondly, momentum is efficiently transferred
from it to other lighter atoms. The low activation energy of
the disordering (or ordering) process facilitates the increase
in probability of the electron-induced ordering.

The authors of Ref. 10 explained the resonant form of
the energy dependence of the sensitivity for the electron-
induced structural order-disorder transition on the (001)
surface of the high-temperature superconductor
Bi,Sr,CaCu,0, in terms of a competition between two pro-
cesses: electron-induced desorption of oxygen, and electron-
induced diffusion of oxygen from the bulk to the surface.
Apparently this model is incorrect: first of all because the

TABLE 1.
Element Energy, eV
0o 24, 27, 532
Ca 26, 44, 347, 350, 438
Cu 2,74, 120
Sr 20, 38, 133, 135, 269, 280, 358
Bi 3, 8, 25, 27, 93, 117, 158, 160, 163, 440, 464
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threshold energy for electron-induced diffusion should be
more than 1000 eV," whereas the observed threshold is in
fact an order of magnitude smaller than this; and secondly,
because this model cannot explain the experimentally ob-
served exponential time dependence for the establishment of
the diffraction pattern by the electron beam (Fig. 3a). Ap-
parently the slow degradation of the diffraction pattern un-
der irradiation by electrons with energies 200 to 650 eV (see
above) is a manifestation of the process of electron-induced
desorption of oxygen. The effective cross section for this pro-
cess is found to be more than an order of magnitude smaller
(and characteristic of this type of process; see Ref. 13) than
the observed effective cross section for electron-induced re-
construction under irradiation of the surface by electrons
with energies 30 to 200 eV.
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