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Abstract moments of surface atoms, preventing the exit of
electrons into vacuum. In this region the potenisah

Secondary electron emission (SEE) from solids pkrys nearly-constant and equal to the inner potentiathef
important role in many areas of science and tectyydl ~ solid.

In recent years, there has been renewed interegttein

experimental and theoretical studies of SEE. A meceQuantum-mechanical reflectivityg, of slow electrons at
study proposed that the reflectivity of very loweegy the barrier of such a form is taken into accountha
electrons from solid surface approaches unity elitmit ~ Richardson law for the thermionic emission current
of zero electron ener@* If this was indeed the case,density, J: J=A;T’D exp (¢KT), where A, is the
this effect would have profound implications on theSommerfeld — constant=120.4A/¢Kf, D=1R s
formation of electron clouds in particle accelersfd® transparency of the barrier, ang is the local work
plasma measurements with electrostatic Langmuingsp function of the sample. It is shown experimentétigt for
and operation of Hall plasma thrusters for spadecrahermal electrons (energy in vacuum less than 0)ithee
propulsion®. It appears that, the proposed high electroaverage coefficient of reflection at the surfactess than
reflectivity at low electron energies contradidis 10 percent, and in most cases much less. Accotditie
numerous previous experimental studies of the skaogn laws of gquantum mechanics, the reflection does not
electron emission The goal of this note is to discussdepend on the direction of electron velocity. Tl

possible causes of these contradictions. coefficient of reflection at the barrier must be thame
for both, the thermal electrons that are escapiom fthe
THEORETICAL DESCRIPTION OF solid, and for the incident primaries.
SECONDARY ELECTRON EMISSION IN A >
THE LIMIT OF LOW ENERGY the vacuum level

—
Authors of the Refs. [2-4] suggest that the thecaét

description of the elastic backscattering of lovemy

electrons at solid surface could be adequatelyritbest

by a very simplified one-dimensional model of the|niernal potencial ev,
guantum reflection of electron plane waves incidenan
abrupt potential step of heighgV, of the internal
potential. For example, in R. Cimino’s wdrkt was
assumed thagV; =150 eV, which is unrealistically large
number for typical internal potential of order sele
electronvolts. Such a large number was assumed to
explain experimental result that the secondarytelac
emission vyield (SEEY) tends to unity as energy i i
approaches 0 at electron energies below 10eV. & wa Figure 1: The energy level diagram.
assumed that electrons are reflected back onlyhat t

surface potential barrier and do not penetrate th® Additional contribution to the elastic reflectios ¢aused
solid. Such description is oversimplified for seler by electrons scattered inside a solid target. bwid
reasons. primary electrons are accelerated by the surfatengal

) ) ) ) ) barrier to the value EE+E-+@(see Fig.1) and then they
First, electron interaction with the real surfadeacsolid penetrate into a solid target to a depth of 50Ad8* In
target cannot be described by a potential barrién @ {hat process electrons lose their energy and pepduc
sharp step. At distances greater than the interatomic secondary electrons, and are also elastically eseattby
distance in solids when the metal surface can Rfe atoms of a solid. This scattering (so called s-
considered as perfectly smooth and perfectly couiic gcattering) is isotropic and its cross sectiongtednined
electron experiences an image force, which is etual by the atomic number of scattering atoms and dags n
e’/4x (the so-called Schottky effét At shorter distances gepend on energy when the electron wavelength Ehmu

the metal surface cannot be considered as perfecayemer than inter-atomic distatte A half of the
smooth and the work function is determined by tipolé

the bottom of the conduction band



elastically scattered electrons are scattered bgnaie of

between cathode and a target is determined by the

more thani/2 (back-scattered electrons). These electrorgondition when the current between cathode and eanod

also undergo the elastic and inelastic scatterimgheir
way back to the surface and only a small fractieeches
the surface with an initial energys E> eV,. When an
electron passes through the surface potential dvaimi
vacuum only, the normal to the surface componerhef

(target) is zero. Therefore, in order to achievat tthe
electron beam with low energy reaches the tardnt, t
voltage on the target should be carefully choseméo
equal the beam energy minus the contact potential
difference between the cathode and the target. ddfith

electron momentum changes and the parallel to ttiaken into account the effect of the contact peaént
surface component of the electron momentum does rigifference between the cathode and the target ambe

change. Therefore, if electron has small kinetiergp in

energy, the incident beam electron may reflect ftbm

vacuum, E, this electron cannot overcome the potentigietarding potential in the vacuum gap without réagh

barrier after scattering on atoms unless it scadtexactly
backward 180 degrees. In the Ilimity E5~ 0, the
contribution of these back scattered electronséototal
elastic reflection tends to zero (not to unity).uShthis
process also does not increase the elastic refteti full
100 percent eflection with kinetic energy of theattons
in vacuum decreasing to zero.

EXPERIEMTNAL
CONSIDERATIONSAND DIFFICULTIES
OF MEASUREING THE SECONDARY
ELECTRON EMISSION YIELD INTHE
LIMIT OF LOW ENERGY

Experimental measurements at low incident electrong -

energy, below 2eV, are extremely challenging. Ivasy
difficult to produce collimated aligned electronabe at

such low energy. References 7 and 18 measured

reflection coefficient down to 3 eV making use ofvk

energy electron beam. They observed reflection

coefficient below 10 percent for clean targets @086

for contaminated targets with some absorbed gas on

surface. Because it is very difficult to produceation

beam with such low energy, common approach to study

secondary electron yield is to use an electron gua
given fixed energy and slow down electrons by aipjgly
retarding potential to the target. But “when theidient
energy is decreased by an increase of the nedaitigeof

the sample holder instead of a decrease of the nami
beam energy E, such a bias leads to constant atent

the target. This reflection from the retarding o in
the vacuum gap then will be inaccurately interpiehs
100% elastic reflection from the surface.
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surfaces in the vacuum gap on which the incident o _
electrons may be totally reflected and then cadléct Figure 2: Total secondary electron emission yiélGo at

without any contact with the sample surface”. Mgkirse

low electron primary enerdg,.

of such approach authors of Ref. [13] reported thé. Initial part of Fig. 2 taken from the letter [&]r fully

reflection coefficient 40% whereas authors of Rid)
reported reflection coefficient 100%.

The most recent detailed review of the latest mesem
the field of reflectivity of very low energy eleotrs from
solid surfaces Ref. [1] refers to the Ref. [2] Bs main

scrubbed CuT=10 K).
2. Experimental data for Cu from Ref. [18] afteplng
heat in vacuum (taken at room temperature).

It is difficult to access what was the exact reason
artificial 100% reflection reported in the experime of

experimental evidence of the proposed hypothedie TRef.[2]. However, comparing the data of Ref.[2]iwihe
examination of description of experiment conducbkgd data confidently obtained in numerous previous foare

these authors shows that they used experimentap semeasurements reported in Refs.[19,20,21] shows big
that is commonly used to measure a contact potent@ifferences for electron energies in the range 8\ 0For

difference between cathode and a target makingiiaa

example, Fig.2 depicts comparison of the resultdeun

electron beam (also so-called the Anderson methagtiscussion with previously published data for cappe
1516179 |n this method, the contact potential differencéargets. From Fig.2 it is evident that there isfisightly



good agreement between two data set€fed0 eV, but
there are drastic differences fgg<10 eV. However, the 4 R. Niedermayer and J. Hélzl, Phys. Stat. Solidi 11
data of Ref. [3] were taken for a cryogenically leao (1965) 651.

target whereas data of Ref. [18] were taken at BbrmiSp A Anderson. Phys. Rev. 75 (1949) 1205.
conditions. As follows from the theoretical destop 16 . .

that should not make a big difference. Jsgljl Fritz, C. A. Hague. Rev. Sci. Instrum. 4973)

In summary, we presented ample evidence that nursero’ G- A. Haas. J. Vac. Sci. and Technol. 13 (1976) 47
previous measurements in the low energy range showd. M. Bronshtein, V.V. Roshchin, Sov. J. Tech.-Bhg
reflection coefficient of about 7% in the range fefv (1958) 2271.

electron volts. We also presented compelling arguse 19| 1y khan, J. P. Hobson, and R.A. Armstrong, Phys
that Refs. [2-4] provide contradictory account &fESat Rev. 129 (1963) 1513.

low energies when compared with other numeroug .
previous measurements in the low energy range diyen H. Heil, and J. V. Hollweg, Phys. Rev. 164 (1988].

authors of Refs. [7, 18-21]. In addition, there ar? z. Yakubova and N. A. Gorbatyi, Russian Physics
straightforward theoretical considerations thatpgupthe  j5,,rnal 13 (1970) 1477.

claim that the reflection coefficient should remaimall

even in the limit of very low electron energy.
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