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The kinds of centinuum radiation arising from metal surfaces and secondary emitted
particles during ion bombardment are considered. Some experimental results of the
investigation of molecular broad band emission, serface plasmon radiation are
giver. The mechanisms of excitation processes have been discussed.

When atomic particles bombard metal
surfaces a variety of energy transfer proc-
esses occur including ion implantation, scat-
tering, sputtering and collective excitation.
Each of this processes is accompanied by the
formation of excited states of secondary
emitted atomic particles or excited states
within the metal surfaces itself. Some of
these excited states decay by photon emis-
sion, and this phenomena were called ion-
photon emission (IPE) [1]. The study of IPE
of metals remains an area of active research
for purpose of understanding the basic
mechanisms leading to excited states forma-
tion of particles or collective excitations. At
present time only one of the components of
IPE of metals is considered to be investi-
gated sufficiently enough. This component is
the radiation of spectral lines from excited
secondary atoms and ions. The component of
IPE which is conditioned by the radiation of
the metal surface itself, i.e. ionolumines-
cence, has not been practically studied vet.
Some results of its investigation are in [2]
and will be not consider here. Another com-
ponent is continuum radiation (CR), which
consists of molecular bands or wide contin-
uwum. This type of radiation is caused by
sputtered excited particles which form the
extent shining region in front of the bom-
bardment target. Many experiments of mo-
lecular photon emission investigation have
been carried out by us and other researches
{see, for example, the reviews [1-3]). But so
far there is no general opinion even about
nature of wide continuum. Therefore the first
aim of the experiments carried out in our
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laboratory was to identify the different
emitters of CR.

We varied both the interacting systems
(ion-target), and the conditions of interaction
(bombardment energy, angle of incidence
and the coverage of metal surface by parti-
cles of active gases). We used beams of K7,
He™, Ne¥, Ar", 0;", N;", NO" ions with en-
ergy 10+20 keV. The bombardment of dif-
ferent metallic targets (Ag, Cr, V, Ti, Fe, Ni,
Zr, Mo, Nb, Hf, Ta, W, Gd, Th, Ho, Yb, Tm)
was carried out both in the residual vacoum
conditions and at the controllable leak-in of
Oa, N;, CCL4, SFs, CF4, NF3 gases. Fig. |
shows, for example the spectrograms of ra-
diation resulting from K" bombardment of
Ho target in residual gas pressure 510 Torr
(the lower curve) and in atmosphere of Oy,
SF¢ and CCl, at gas pressure 1-107 Torr [4].
The narrow bands are emitted by simple ex-
cited molecules such as MO, MF, MCL and
MN, where M is the atom of metallic target.
Broad bands and continuum radiation which
were observed for many d- and f- metals in
presence of chemically active gases were not
identified. Evidently this radiation is emitted
by molecules MyXn, type, where M is target
atom and X is an atom of adsorbed gas (in-
dexes n and m point the number of atoms in
molecules). The magnitude of absolute pho-
ton vield from excited molecules is rather
large, especially for rare-earth, metals, when
the target surfaces are covered by a mono-
layer of adsorbed particles. For example, the
pheton yield is 2-10°° photon per incident ion
in the spectral region 496 + 602 nm for case
K*— Ho+0; interaction. We considered that
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the excited molecules are sputtered from the
surface layer at the last phase of the linear
collisions cascade, because of they have low
escaping energy (some eV) [5].
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Fig. 1. Ho-target radiation spectrograms during K’ jon
bambardment of 12 keV energy.

Another component of IPE in the cases
of Ag, Al and Mg-targets ion bombardment
was founded [6-10]. This is radiation of sur-
face plasmon (SP). Our experiments were
carried out on a set-up in details circum-
scribed in [8]. In spectral range 20-150 nm
the radiation was analyzed by vacuum
monochromator with a diffraction grating
1200 slits/'mm and radius 0,5 m and regis-
tered by the channel electronic multiplier.
We consider that observed CR is due to ra-
diative relaxation of surface plasmons of Al
and Mg. The position of radiation maximum
on a wavelengths scale makes ~78 nm for Al
and ~ 81 nm for Mg. Theoretically expected
position makes 120 nm and 165 nm for Al
and Mg, consequently, Such differences can
be stimulated by several reasons. First of all,
the energy of surface plasmons depends on
concentration of free electrons and electronic
energies structure. As shown [9], the pres-
ence of oxygen increases in magnification of
an energy of photons during radiative re-
laxation of SP. As to clear surfaces Al and
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Mg during bombardment by He' ions (15
keV, 0,2 A/m®, in vacuum 107 Torr) is im-
possible, we consider, that we have surfaces
of Al and Mg with oxygen contamination.
Besides this the modification of the elec-
tronic states density of surface layers due to
implantation of helium ions is possible, The
third reason is the influence of adsorbed at-
oms on the transmission coefficient of pho-
tons from Al and Mg targets.
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Fig. 2. Spectra of Ag surface IPE measured during H™
{curve 1} and He" {curve 2) ion bombardment of 15
keW energy,

The excitation of silver SP and its decay
during ion bombardment is accompanied by
an emission of CR in a broad wavelength
region A = 200+-600 nm. The studyving of an-
gular, energy, polarizing peculiarities of this
radiation, and also influence of Ag surface
degree of coverage by adatoms on an inten-
sity of radiation and form of a spectrum have
allowed to identify it as a radiation of silver
SP. Fig. 2 shows the typical examples of
such spectra, obtained during bombardment
of polycrystal silver surface. Besides spectral
lines from excited sputtered (Agl) and scat-
tered (HI and Hel) atoms the CR from sur-
face plasmon relaxation also presence. The
position of the CR maximum on the wave-
length scale was found to be at A = 360 nm
during bombardment of silver by He', Ne'
and Ar” ions [9].

The presence of oxygen atoms on Ag
surface leads to appearance of second maxi-
mum at 330 nm (at coverage degree ~ 0,01
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of monolaver). Its observation also was in
experimental investigation of electron-
photon emission [11] of Ag. We made si-
multaneous measurements of silver SP ra-
diation during ion and electron bombardment
at the same set-up. The energy E, of H', Hy',
Hi*, He",0y ions varied from 6 to 21 keV
and the energy of bombarding electrons was
fixed at E;=570 eV. The CR spectra of elec-
tron-induced photon emission were meas-
ured both before ion bombardment and afier.
Initially electron-photon emission was meas-
ured (Fig. 3, curve 3). Besides the maximum
near A=360 nm one could also see a short
wavelength maximum at & = 330 nm corre-
lated with the presence of oxygen on the sur-
face of target. Following this, the Ag targetl
was bombarded by He™ ions (E, = 15 keV)
for 40 min and CR spectrum of ion-photon
emission was measured {(curve 1), Its maxi-
mum position was found to be at L = 360 nm.
Immediately after stopping the ion bom-
bardment, the spectrum of electron-induced
photon emission was measured once again
and 1t was found to be identical to the ion-
photon CR spectrum (curve 2). After ~ 20
min the maximum at & = 330 nm appeared
again. This suggests that the oxygen was ad-
sorbed on the surface in amounts sifficient to
display the observed effect. If Q5" ions were
used in such experiments the position of
electron-induced photon CE maximum after
ion bombardment was found to be at L = 330
nm, Therefore we conclude that the observed
CR arising from the silver surface during ion
and electron bombardment has the same
properties, and results from radiative relaxa-
tion of surface plasmons from clean (). = 360
nm) and covered by oxygen (A = 330 nm)
silver surface.

The problem of determination of the
processes which result in excitation of SP
still remains open. Among the most probable
the following processes were considered: 1) -
transmission of kinetic energy to bound
electrons and formation of secondary elec-
trons (including Auger electrens), whose
motion results in perturbation of charge den-
sity oscillations; 2) - neutralization of an in-
coming jon by an electron of silver conduc-
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tion band with transmission of released en-
ergy to electronic gas, or nemiralization of
ion with formation of Auger electron. The
weak dependence of the photon yield J of
plasmon radiation (PR) from bombardment
energy in a range of E, = 6+21 keV, and also
the absence of PR in the case of interaction
of K" fons with the surface of silver (due to
small amount of energy liberated during
neutralization of the potassium ion) witness
in favor of the second one. At the same time
in 1 + 4 keV bombardment energy range and
grazing incidence of H™ and H ions the in-
tensity of PR slowly increase, as well as en-
ergy losses of scattered particles [7].
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Fig. 3, Spectra of the Ag surface continuum radiation:
1 - He"; 2 ~ ¢ after bombardment by He' ions; 3 - &
before ion bombardment,

With the purpose of the further study of
8P excitation mechanisms during interaction
of H'yH and He" ions, as well as He atoms
with silver surface the experiments were car-
ried out on the set-up [12] at grazing angles
3°=g<]2° and in the energy range E,=1-4
keV. As the dispersing element the interfer-
ence filter with a maximum of a passband
located at 2 =351 nm was used. The radiation
of 8P was observed in a plane formed by the
direction of beam and normal to the target
surface, The measurements were carried out
in vacuum P < 1 x 107 Torr. Cleaning of the
surface by Ar’ ions with 3 keV energy at
grazing incidence during ~ | hour preceded
the experiment. A flux of neutral helium at-
oms received by resonance charge transfer of
helium ion beam on helium atoms. The
bombardment by H' and H™ ions reduces to
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practically identical, in limits of an experi-
mental error, photon yield of PR. The meas-
ured dependencies J(E;) in the range 1+4
keV have appeared monotonous growing
functions. At such geometry of experiment
the excitation of the oscillations of electronic
gas, most probably, are carried out by direct
transmission of kinetic energy to electrons at
braking of particles. The measured depen-
dences of the energy losses of scattered par-
ticles on E, have appeared also monotonous
growing in this range of energies. Therefore
the choice of the mechanism of silver 8P ex-
citation essentially depends on the trajectory
of the ion motion. It was found that the inter-
action of neutral atoms of helium with the
surface of silver is not accompanied by ra-
diation of SP. It means, that the absence of
neutralization processes between incident
particle and silver conduction band does not
produce surface plasmon excitation. Also it
means, that the energy losses of the neutral
projectiles in the electron gas of silver can-
not be at the origin of the plasmon excitation
and subsequent photon emission. Thus, dur-
ing ion bombardment of metal surfaces, one
can be observe different kinds of CR.

The author is greatly indebted to Prof.
S.Pop for his help in many discussions.
Special thanks to A.lDashchenko and

LE.Mitropolskii for their considerable help
in experiment.
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B pofoTi posriasyTo THIH HETEPSPBHONO BHNPOMIHEOBAHE, WO EHHMEAIOTH B

NoBepxHi  MeTatE T4 BTOPHHHD

EMITOBAHMX UBCTHHOK NpH  iOHHOMY
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