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Attenuation of low-energy (<10 eV) O* ions in transmission through adsorbed alkali-metal
layers
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We report the transmission of low-energy 10 eV) O* ions through adsorbed alkali-methi, Na, K, and
C9 overlayers on an oxidized tungsten substrate. We find that thei€ld is attenuated by the alkali-metal
overlayers. For®>0.3 ML, we derive attenuation cross sections of £PBx107'® cm? for Cs,
(13x1)x10 5 cm? for K, (5+1)x 10 % cm? for Na, and (3.3 0.3)x 10" % cm? for Li. We attribute the
attenuation of O in alkali-metal films for®>0.3 ML mainly to resonance electron tunneling from adsorbed
alkali-metal atoms to excited states of oxygE®0163-18286)50732-0

In DIET (desorption induced by electronic transitipns (600 Langmuiy at 1500 K. Based on the results of earlier
the depth of origin of desorbing ions is a fundamentalstudies, we assume that the stoichiometry of the oxidized
issuet=3 That is, what are the processes and properties that/(100) surface is approximately W&, Electron bombard-
determine the survival probability of ions excited below thement of this surface by a 100-eV electron beam produces a
surface of a solid? Recently, in order to identify the domi-well-defined O° ESD ion beam having a peak energy of
nant processes that limit the survival probability of low- ~7 eV. During the ESD measurements a very low electron
energy ions created below the surface, the transmission a@furrent density ¢ 10~ ® A/cm?) at electron energy< 100 eV
low-energy 10 eV) ions (e.g., O°, F", F7) through ul- is used to minimize electron-induced thermal desorption of
trathin atomic (e.g., Ar, Kr, Xe and molecular(e.g., overlayer atoms.

H,0, NH;) films several monolayers thick have been sys- Alkali-metal atoms are deposited onto the oxidized tung-
tematically studied3 These studies have revealed that elassten surface at 300 K from directly heated evaporators by
tic scattering and charge-transfer processes are the dominaggcomposition of the corresponding chromates. Impurities in
processes in determining the attenuation of the ions createtie alkali-metal fluxes are found to be less than 0.1%. The
below the overlayer films; these processes depend stronglxposures of alkali metal are determined from the deposition
on the overlayer electronic and chemical properties as welime under constant alkali flux, and the concentrations of
as the nature of the ion and its kinetic energy. alkali metal on the oxidized tungsten surface are determined

In this work, we present systematic measurements of thby means of thermal desorption spectroscopy. The alkali-
transmission of O ions through an ultrathin film of metal metal fluxes are determined by measuring the total alkali-ion
atoms, i.e., alkali-metal overlayers having thicknessegurrent during surface ionization at the sample surface. 1 ML
<1 ML. We generate well-defined O beams by electron Of Li or Na corresponds to % 10" atoms/cnt; 1 ML of K
bombardment of a oxidized tungsten surface. We find tha®r Cs corresponds t0X610'* atoms/cn¥.* _
for alkali-metal coverage®=0.3 ML on the oxidized tung- Figure 1 shows a semilogarithmic plot of the normalized
sten surface, the O yield is attenuated strongly, and the ESD O yield (q*/q,) as a function of alkali-metal con-
attenuation is exponential. The attenuation of @ stron-  centrationN on the oxidized tungsten surface. Note that
gest for Cs, while the attenuation of'Ois lowest for Li. denotes the value of the total *Osignal obtained from the

The experimental setup is described in detail elsewhereoxidized tungsten in the absence of alkali metal, whereas
In short, the experiments are performed in an ultrahigh™ denotes the O yield in the presence of alkali metal on
vacuum (UHV) chamber(base pressure-2x10 ! Torr)  the oxidized tungsten surface. The data of Fig. 1 show that in
equipped with instrumentation for surface analysis includinghe presence of the alkali-metal overlayers thé €lgnal is
ESD (electron stimulated desorptipnsurface ionization attenuated. However, in the alkali coverage range
(SI), and TDS(thermal desorption spectroscopESD mea- ©<0.3 ML (low-coverage regimethe attenuation of the
surements are performed using a static magnetic mass spé@: signal is lower than the attenuation of *Ofor alkali
trometer combined with a retarding field analyzer. A texturedcoverage 0.3 Mk:®<0.8 ML (high-coverage regimeAs
tungsten ribbon with a predominant{§00) oriented surface seen in Fig. 1, the decrease in the’ @ield is roughly ex-
is used as the sample. The sample is cleaned by annealing ponentially dependent on alkali-metal coveragé€s>0.3
an oxygen atmosphere at 1700 K; oxygen is admitted byvL) and the slope is most steep for Cs and least steep for Li.
thermal decomposition of barium peroxide. In order to formWe suggest that the exponential attenuation is mainly due to
an ultrathin oxide film the sample is heated in oxygenthe overlapping of the effective interaction area of neighbor-
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may be the reason for the high-coverage attenuation. How-
ever, it is known that for electrons having kinetic energy
>100 eV, the elastic backscattering and large angle scatter-
ing probability from a surface are very low, so that the at-
| tenuation of the~100-eV electron beam by elastic back-
Li scattering in the overlayer probably has little influence on the
Na measured attenuation of O As discussed in detail in Ref. 6,
2t J we do not consider that primary electron energy loss in the
Cs alkali overlayers is a dominant process in the attenuation of
] o~
3l g If adsorption of alkali metal affects the electronic struc-
, , ) , ture of the substrate significantly, this could influence the
0 2 4 s 8 initial ESD O" yields. Recent experimental studiéon ad-
N, 10'* em® sorption of alkali-metal atoms on TiQsurfaces have re-
vealed that alkali adsorption is accompanied by charge trans-
FIG. 1. Normalized O yield as a function of concentration of fgr into Ti 3d band-gap states at low alkali coverages
Li, Na, K, and Cs adsorbed on an oxidized tungsten surface. Th(:<0_4 ML); the alkali-metal adsorbate is adsorbed ionically
data are plotted semilogarithmically and normalized to 0 for they, TiO, for coverages up to the value at which the work
clean surface value. function of the substrate is reduced to its minimum value.

. _ . The adsorbed alkali species become neutral adatoms with
Ny pverlayer atoms with increasing coverage, as s_uggestq creasing coverage. The dependence of the observed work-
earlier by Akbulutet al® for the attenuation of O ions in an

function change on the alkali-metal coverage reflects this
H, 80 overlayer. d g

W deri . . s electronic behavior.
e can derive an attenuation cross section of, @, Ageev et al*1% have shown that the [i, Na*, and C&

using the equatidh

+
]

Inq'q

ESD signals obtained from alkali-metal adsorbed on an oxi-
F_ ot dized W surface depend strongly on alkali-metal coverages;
=(gexp(—oN). 1 ) . . . -
A" =do exp(—oN) @) the ESD alkali-metal—ion signals increase steeply in the al-
For the exponential regimgigh alkali coverage we calcu-  kali coverage range 0—0.3 ML, and then decrease for alkali

late the attenuation cross sections of @ be coverage>0.3 ML. This result is consistent with the inter-
o pretation that adsorbed alkali-metal atoms on the oxidized W
(18+2)x10°*° et for Cs, surface are ionic in nature in the low-coverage regime

(<0.3 ML), and become metallic with increasing coverage.
This is very consistent with the results of adsorption of
alkali-metal atoms on TiQ.

As shown in Fig. 1, the O attenuation cross sections are
(3.3+0.3x10°%5 cm? for Li. comparatively low (-4x 1016 cmz) in the low-alkali-

coverage regime. Although adsorption of alkali metal may

For low alkali concentration®<0.3 ML), the attenuation affect the electronic structure of the oxidized tungsten sub-
cross section of O is found to be (4-1)x10 1% cm? for  strate due to charge transfer at low coverage®.3 ML),
all alkali-metal overlayers. the O ESD mechanism does not appear to be significantly

We now discuss the factors that may contribute to theaffected upon adsorption of alkali-metal atoms. Based on the
attenuation of J in the presence of alkali overlayers. First, above discussion, we conclude that initial-state effects may
we begin by considering several “initial state” effects that contribute to O" attenuation at low coverages, but are prob-
may influence the rate at which Oions are generated by ably not the dominant processes that determine the attenua-
electron bombardmenta) shielding of the substrate from tion of O™ in the presence of high coverages of alkali over-
the electron beam by elastic electron scattering from the allayers.
kali overlayers(b) electron energy loss due to inelastic scat- We now consider final-state effects. The measured O
tering by the alkali overlayers, an@) change in the local attenuation in the alkali overlayers may be due to elastic
electronic structure of the substrate upon adsorption of alkakcattering between desorbing'Gons with the overlayer at-
metal on the oxidized W. oms and/or due to inelastic scattering such as charge-transfer

Consider the possible effect of elastic backscattering oheutralization of O . Let us first consider elastic scattering
primary electrons from the adsorbed layers on the measurgatocesses. If desorbing Oions are elastically backscattered
attenuation of O .° In an earlier study, Y(ihas investigated or scattered through such a large angle by alkali atoms that
ESD O' and O vyields from an oxygen chemisorbed they cannot escape from the surface, the measuredignal
Mo(100) surface as a function of Cs overlayer coverage, foiis attenuated.If O * ions scattered in the forward direction
thicknesses less than a monolayer. Yu has found that at losan escape from the surface, they are not attenuated. Re-
Cs coverages the Oyield increases, whereas the'Gjield  cently, Ageev! has shown, by using a model based on elas-
decreases slightly, and at high Cs coverages both ESD Otic backscattering and local surface field relaxation, that the
and O yields are strongly attenuated. The author suggestetirger the mass of the overlayer atom, the smaller the O
that shielding of the oxygen atoms from the incident 200-eVattenuation cross section. However, our present observation
electrons by elastic electron scattering from the Cs overlayeshows that the attenuation cross section 6f iBcreases with

(13+1)x 10 *® cn?  for K,

(5+1)x10 *® cn? for Na,
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increasing overlayer alkali atom mass. In fact, the measured
O™ attenuation cross sections are much too large to be real- -
istic for elastic backscattering and large-angle scattering, for Ng 18k Cs i
which smaller impact parameters are necessary. Therefore, ©
we do not believe that elastic scattering processes are the: 15} .
dominant processes in determining the attenuation 6f O
through the alkali overlayers. <
We focus now on inelastic processes such as energy-loss &
processes and charge-transfer neutralization of the desorbingg
O™ ions. The inelastic energy losses to the lattice vibrations
(phonong, or through excitation or ionization of the over-
layer atoms, are not expected to be important processes in
our experiment, because the energy of ah ©On is so low
(<10 eV) and the overlayers so dispersedowever, charge
transfer can be a very important mechanism for loss éf O
signal. If desorbing O ions undergo one-electron charge
transfer processes, the*Qons are converted to neutral spe-
cies; the measured Osignal is attenuated. FIG. 2. Measured O attenuation cross sections in the Li, Na, K,
We consider two possible charge-transfer processes in tfhd Cs overla_yers as a function of reciprocal ionization potential of
presence of alkali overlayer&) electron tunneling from the 9@seous alkali-metal atom.
substrate to O and (b) charge transfer from an adsorbed
alkali-metal atom to G. alkali-covered substrafé,so that resonance electron tunnel-
Consider first the possibility of charge transfer from theing from the substrate to the excited states of @ns be-
substrate to desorbing Oions. It is well known that adsorp- comes possible. In this coverage regime, the work function
tion of alkali-metal atoms on a metal or oxide surface de-of the substrate is expected to change relatively little until
creases the work function of the surface significattlit.is the bulk value of the alkali work function is reached. In
possible that the attenuation of'ds caused mainly by reso- addition, for®>0.3 ML, the change in work function is not
nance electron tunneling from the oxidized tungsten surfacéxpected to be very different for the various alkali overlay-
to O* 3S; and O 5S, excited states of oxygen with exci- €rs. We conclude that, fo®>0.3 ML, resonance electron
tation energies of-4.09 eV and 4.4 eV, respectivelyThe  tunneling from the low work-function substrate to the ex-
work function of the oxidized tungsten surfaeg, , is about ~ cited states of O ions may contribute to the attenuation of
6 eV* Since our ultrathin oxide film is only a few mono- O ions in the alkali-metal overlayers, but it is not the domi-
layers thick, we assume that the top of the valence band liedant process.
at or just below the Fermi level. We now consider the attenuation of'Gon the basis of a
In the vicinity of a surface, the energy levels of the ex-model involving one-electron charge transfer between an
cited states of an atom are expected to shift upward due talkali-metal atom and an O ion. In the low-coverage re-
the image potentidf Hence, during O -ion desorption from  gime (®<0.3 ML) adsorbed alkali-metal atoms are expected
the oxidized tungsten, the resonance electron tunneling frori® be ionic, and we do not expect charge transfer between an
the oxidized W surface to the '03S; and O* °S, excited  alkali ion and a desorbing O ion. This is consistent with
states of O is expected to have very low probability, be- our observed results; fo®<0.3 ML, the O" attenuation
cause the excited states lie always above the Fermi level ¢Ff0ss section is comparatively low. However, in the coverage
the substrate. However, adsorption of alkali metal on thegegime®>0.3 ML, alkali-metal atoms are metallic, and a
oxidized surface can make resonance tunneling possible, beharge-transfer reaction between an adsorbed alkali-metal
cause adsorption of alkali metal on the surface leads to atom and a desorbing Oion is possible. Note also that the
decrease in the work function, and may affect the excitedmagnitude of the O attenuation cross sections in the alkali
state energy level of the desorbing idAsSince the dipole overlayers(18—3x 10 !5 cm?) is comparable with the typi-
moment of adsorbed Cs is larger than that of Li, a smaller Csal gas-phase resonance charge-transfer cross sections
coverage than that of Li is necessary to produce the sam@l x 10" 1-1x 1015 cm?) at low energy €10 eV).!’
work-function change. This effect is clearly noticeable atlow The gas-phase excitation energies of* O°S, and
coverages, because the work function decreases rapidly with* °S, are very close to the ionization energies of the
increasing coverage from 0 to 0.3 MLHence, if the reso- alkali-metal atomg3.9-5.4 eV. Near the surface, the en-
nance electron tunneling from the valence band of the subergy levels of adsorbed alkali atoms and desorbing ions shift
strate to the excited states of'Cons were a dominant pro- and broaden? We expect that the energy levels of the ex-
cess we would expect a strong attenuation of gield at  cited states of atomic oxygen and the ionization levels of
low coverages. However, as seen in Fig. 1, the attenuation @fdsorbed alkali metals can overlap at some ion-surface dis-
O™ is not very substantial in the low-alkali-metal coveragetance, because of the level shift and broadening. This makes
0<0.3 uL, which implies a low resonance tunneling prob- resonance electron tunneling from alkali-metal atom to des-
ability. orbing O" possible. Rapp and Frantishave shown that a
Adsorbed alkali metals become more metallic forresonance charge-transfer reacti@aro energy defect reac-
0®>0.3 ML. Hence, for6>0.3 ML, the excited states of tion, AE~0 eV) depends strongly on the ionization potential
oxygen may couple strongly with the valence band of theof the electron transferred during collision: the resonance
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charge transfer cross section is inversely proportional to théunction of the clean oxidized tungster-6 eV).1*

ionization potential of the colliding particles. This implies  In conclusion, we have found that less than a monolayer

that the lower the tunneling barriéonization potentigl the  of alkali-metal (Li, Na, K, or C9 overlayer attenuates the

higher the tunneling rate. Since the*GCattenuation cross O ESD yield from an oxidized W surface almost com-

section increases with decreasing alkali ionization energy, ipletely; for ®>0.3 ML, the attenuation of O is strongest

is possible that resonance charge transfer from alkali metal &r Cs overlayers { 18x< 10~ *° cm?), while it is lowest for

an excited state of O can be the dominant process in deter-Li (~3X107*° cm?). Resonance electron tunneling from

mining the O" attenuation in the alkali overlayer. adsprbed al_kall—metal atoms appears to be the dominant fac-
Figure 2 shows a plot of the Oattenuation cross sections ©f. influencing the transmission of low-energy-10 eV)

for high alkali coverages as a function of reciprocal of alkaliQ__through fractional monolayer films of Li, Na, K, and Cs.

ionization potential in the gas phase. As shown in Fig. 2, the! N€T€ iS a correlation between the ionization potential of the

O™ cross section increases linearly with the reciprocal of thé"‘lkal! metal and the O attenuation cross sections for high

ionization energy. If the O attenuation is mainly due to a alkali coverages®>0.3 ML), which is consistent with the

one-electron resonance charge-transfer process, we expég§onance one-electron charge-transfer model.

this kind of relationship from the theof/.It is interesting to This work was supported by the Russian Fundamental

note that the straight line intersects the horizontal axis at 0.1Research Foundation through Grant No. 95-02-048&hd

eV 1. The inverse of this value corresponds to the criticalthe U.S. National Science FoundatighlSP), Grant No.

ionization potential of~5.9 eV, which is close to the work CHE-9408367.
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