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The position of adsorbed oxygen on Cu(i 10) surfaces was determined with Low Energy Ion 
Scattering (LEIS). The experiments were performed by bombarding the copper surface at small 
angles of incidence with low energy Ne* ions (3-5 keV). lMeasurements of the Ne+ ions scat- 
tered by adsorbed oxygen showed regular peaks in the azimuthal distribution of the scattered 
ions due to a shadowing effect. From the symmetry of the azimuthal distributions it follows 
that the centre of an adsorbed oxygen atom on the Cu(i 10) surface lies about 0.6 A below the 
midpoint between two neighbouring Cu atoms in a (001) row. A comparison of the azimuthal 
distributions of Ne+ ions scattered from clean Cu surfaces and oxygen-covered Cu surfaces 
showed that hardly any surface reconstruction had occurred in the oxygen-covered surfaces. 
The applied method seems to be an appropriate one for locating adsorbed atoms because it uses 
only simple qualitative considerations about azimuthal distributions of scattered ions. 

1. Introduction 

Various analytical techniques have been used in recent years to investigate 
adsorbed layers on solid surfaces. The purpose of these investigations is to study the 
kinetics of adsorption and diffusion processes and to determine the position and 

binding state of the adsorbed atoms or molecules. 
To study adsorption kinetics and binding states, work function measurements, 

Auger electron spectroscopy (AES), photon electron spectroscopy (ESCA and 
UPS), thermal desorption techniques, and static secondary ion mass spectrometry 
(SIMS) have been successfully used [ 11. However, it should be realized that a mea- 
suring technique can change the adsorption processes. Recently ellipsometry has 
been combined with AES to study the adsorption kinetics of oxygen on Cu surfaces 
[2,3]. Low Energy Ion Scattering investigations were performed to study the ion 
bombardment induced desorption of oxygen on metal surfaces [4] and the adsorp- 
tion kinetics of oxygen on Cu surfaces [ 51. 

Only very few techniques have been used to determine the position of adsorbed 
atoms on metal surfaces. Low Energy Electron Diffraction (LEED) experiments 
have shown regular patterns in oxygen-copper combinations [6-81. However, it is 
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not simple to estimate the position of adsorbed atoms with this technique; this can 
be done only be means of extended calculations. Low energy ion scattering has also 
been used to estimate the position of an adsorbed oxygen atom on a metal single 
cry&I. Investigations on Ag(1 IO) for example have shown that the oxygen atom 
on this surface is in a bridge position in a (001) chain on the surface [cl]. The posi- 
tion in this chain has been estimated by using an assumed interatomic potential 
between the noble gas ion and the metal atoms. In the present paper it witl be 
shown that the position of the atomically adsorbed (chemisorbed) oxygen above or 
below the surface can be determined more directly by using anly the symmetry 
aspects of the resulting low energy ion scattering data. For this determination term 
tain properties af the shadow cone model will be used. 

Since the theoretical aspects of shadow cones have been treated extensively by 
~artynenko [lo,1 11, only those aspects of the shadow cone model will be dis- 

cussed which are refevant for the structure determination (section 2). The model 
wilt be used to interpret the results of the experiments concerning clean and oxygen 

covered Cu(i 10) surfaces (section 4). 

2. Angular and energy dependence of ion scattering 

Possible projectile trajectories are schematically given in fig. 1 for a binary co& 
sion between a projectile (ion) with mass Mr and a target particle (atom) with mass 
Mz. Fig. la demonstrates the existence of a shadow cone, i.e. an area behind the 
target atom where no scattered projectiles will be found, The figure shows that 
when the distribution of particles is homogeneous over the impact parameter an 

increased intensity of scattered projectiles will occur (at some distance behind the 
target atom) just outside the edge of the shadow cone. The scattering angle 8 (fig. 
lb) is determined by the impact p~r~eter~a~~ord~g to a function D(P) [l&13] 
which also contains the parameters Ee {the projectile primary energy), M2/M1 (the 
mass ratio) and the assumed sphericalWsyrnmetric potential between the colliding 
particles. 

In many cases it is reasonable to suppose that the function 4(P) decreases mono- 
tonically from 7r at P = 0 to zero at P = 00. Let S be the distance between the scat- 
tered particle and the central axis (in fig. lb) at a distance L behind the scattering 
centre: then 

S=P+L,tan?Y 

in first order approximation (15 larger than P and small scattering angles). 
Because 4(P) decreases monotonically to zero, dS/dP will be zero for a certain 

value PO of Pat fixed L. The corresponding minimum value Se d&&es the width of 
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Fig. 1. Possible trajectories of a projectile Mr scattered by a target particle Mz. In (a) the shad- 
ow cone behind Ma is shown. In (b), S gives the position of the scattered particle for a particle 
with impact parameter P and scattering angle 8, at a distance L behind the scattering centre. 
(The example shown here is calculated for 5 keV Ne+ ions on a Cu atom with impact param- 
eters varying between 0.1 and 1.0 A, using the interaction potential of fig. 2.) 

the shadow cone at a distance L behind the scattering centre. Intensity calculations 
with an Inverse square power potential [ 141 result in an intensity distribution 
(F(S)), as shown in fig. 2. It is generally assumed that this potential is a reasonable 
approximation for interatomic distances between 0.1 and 1 A [ 15 ,161. The curve in 
fig. 2 depends (of course) on the distance L behind the target atom and on the pri- 
mary energy of the incoming ions. 

When a second target particle is situated at (or just outside) the edge of the shad- 

ow cone at some distance behind the first target atom the second one will receive 
an increased flux of projectiles. However, when the second atom is inside the shad- 
ow cone a hard collision between the primary particle and the second atom is impos- 
sible. In the case of atom rows (as in monocrystals) this means that no hard colli- 
sion is possible between a projectile and any row atom. 

The shadow cone model has already been successfully applied to explain differ- 
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Fig. 2. The calculated relative density of S keV Ne particles scattered by a Cu atom at the pus& 
tion (L, 5’) in the scattering plane (L futed). (The primary density is indicated by le.) The caicu- 
Iations were performed with an inverse square power potentiat are2 using parameter a = 132 
A= ev, 

ent types of ion-surface scattering experiments fly-223 I In the present paper this 
model is used for the interpretation of the scattering of Ne* ions on clean and oxy 
gencovered Cu(i10) single crystal surfaces. An ion beam is directed towards the 
surface in a direction that permits the detection of double scattering on two neigh- 
bouring surface atoms (see fig. 3). More precisely, projectile ions are scattered at 
the edge of the shadow cone of a target atom and collide with a neigbbouring atom. 
The increased fiux of projectiles scattered by the second atom permits the deter- 
mination of relative atom positions. 

2.2. Energy dependence 

The experiments were performed by bombarding a Cu(? 10) surface with noble 
gas ions (N$). The energy of the ions scattered by specific target atoms in a chosen 
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Fig. 3. The shadow cone model applied to a crystal surface. Projectiles (iMr) incident at an ele- 
vation angle tp give rise to the shadow cones. An atom (iWa) at the edge of the shadow cone 
causes a large flux of particles into the detector. The target atoms in the second layer are inside 
the shadow cone (in this case). 
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Fig. 4. Measured energy spectra of “reflected” ions for (a) almost clean Cu(i10) (10% of the 
oxygen saturation coverage) and (b) oxygen-covered Cu(i 10) (60% of saturation coverage). The 
single scattering peaks of Ne scattered by 0 and Cu should be found at E/Eo = 0.36 and 0.83 
respectively according to formula (2). 
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scattering angle could be predicted by means of the single scattering model. 
In the single scattering model the target atoms are considered to be free atoms. 

Then the well-know relation between the energy El after scattering and the scatter- 
ing angle 6 holds for a collision between a projectile and one target atom. This 
relation, which follows from the conservation laws for energy and momentum [ 121, 

is given by 

(2) 

(for a target atom initially at rest) where E,, is the primary projectile energy and 
A = M2/M1 is the mass ratio with Ml the projectile mass and M2 the target atom 
mass. When this relation holds, one can measure the scattering that is caused by a 
specific kind of target atom in a mixed target. For this purpose one has to adjust 
the selective detector to the projectile energy El which is related to the chosen 
energy of incidence E, and the scattering angle 0 according to formula (2). This is 
demonstrated in fig. 4, where energy spectra of scattered (and sputtered) ions for a 
given projectile energy are shown. The energy spectrum for Ne’ ions impinging on 
an oxygencovered surface shows 3 peaks, which are caused by Ne’ ions reflected 
on 0 atoms (El/E0 = 0.36), 0’ ions sputtered from the surface in a single collision 
process (El/E0 = 0.49 for these recoil ions) and Ne’ ions scattered by Cu atoms 
(El/E0 = 0.83). The high energy shoulder at El/E0 = 0.9 is due to multiple scatter- 
ing from a (110) Cu chain. 

3. Experimental 

3.1. Introduction 

The determination of the chemical composition of a surface becomes consider- 
ably easier when large scattering angles are used because it is then simpler to differ- 
entiate between different atomic species. Furthermore large elevation angles for the 
particle directions after scattering are advantageous for the reduction of undesirable 
blocking and neutralization effects. Therefore in our experiments we used large ele- 
vation angles after scattering. 

In reality scattering by an atom at a metal surface is not exactly a single collision 
process. Often, however, the energy of the particles after this type of scattering 
deviates only slightly from the corresponding energy El of formula (2). Ions scat- 
tered by atoms with a specific mass show a shift of only a few per cent compared to 
formula (2) [24] (cf. fig. 4). Only in special circumstances (for instance very low 
primary energies and/o; small scattering angles) is there a larger shift between 
experimental and calculated relative energy [ 231. This shift is caused by the binding 
of surface atoms and by the proximity of other surface atoms. In both cases the 
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secondary energies of scattered ions are higher than with single scattering. 
In our experimental circumstances the energy varied for different types of exper- 

iments (as shown in section 5) but control measurements showed that the shift was 
always less than 3% of the primary energy. The maximum shift was found for dou- 
ble scattering in one plane by nearest neighbour atoms for the special case where 
projectile ions are scattered slightly by first target atoms and are then involved in 
hard collisions with the second atoms situated at the edge of the shadow cone of 
the first ones. Calculations confirm this maximum energy shift for the above men- 

tioned double scattering process. This energy shift after scattering is small com- 
pared to the experimental energy spread (see fig. 4 and section 5). 

Therefore it is possible to study the atomic position of specific atoms on a sur- 
face by means of this type of ion scattering experiment, because the detection 

energy can be determined from the single scattering model and the measured results 
can be ~terpreted using the shadow cone model. 

3.2. Se t-up and handling 

The experimental set-up has been described in more detail elsewhere [24]. The 

main parts of the set-up are a Nier-type ion source (energies 0.1-10 keV, energy 

spread l%, angular spread l”, current 10 nA to 1 PA, spot size 4 mm*, noble gas 
ions), a target manipulator (6 degrees of freedom) and a flat-plate electrostatic 
energy analyzer rotatable in one plane (energy resolution 3.5%, solid space angle 
10e3 sterad). The background pressure in the target chamber is 10P8 to 10m9 Torr. 
From the energy analyzer the analyzed ions are accelerated towards and counted by 
a Mullard B1407 Charmeltron multiplier. The energy analyzer can be rotated in the 
plane of incidence (defined by the incoming beam direction and the target surface 
normal) over the angle 19 (defining the selected scattering angle) from 0’ to 145” 
with respect to the ion beam. The angular resolution AS is 2-6’ depending on the 
values of the angles 9 (defmed below) and 8. The angular resolution AJ, is 3.5’ ($ 
defined below). 

The experiments were performed on copper single-crystalline targets at room 
temperature. The targets were prepared by mechanical and electro-lap polishing and 
were cleaned by ion bombardment (with an ion dose of about 1Or7 ions/cm* at an 
energy of some keV) before each series of measurements. The measurements were 
performed in the following way. A certain elevation angle of incidence 9 (the angle 
between the direction of the incoming ion beam and the target surface plane) was 
adjusted by means of the stipulator (0” Q 9 G 140’). A certain scattering angle 8 
was chosen and the analyzer was adjusted for a certain detection energy to measure 
a specific scattering process (Ne’ -+O or Ne’ -+ Cu). Azimuthal distributions N (9) 
were measured by rotating the crystal around the surface normal. J/ is the angle 
between the projection of the incoming beam direction on the surface plane and 
the (110) direction. The number of ions detected N(Q) was stored in a computer 
memory in circa 1000 channels. The measuring time per distribution was 100 sec. 



The number of detected ions per channel showed only the statistical spread (the 
square root of the number of detected ions), which was 3% on the average for the 
measured points contained in the results shown in section 4. 

The resulting azimuthal distributions measured in this way in different experi- 
mental circumstances are shown in the next section as continuous curves (smoothed 
manua~y) without error indication. 

4. Experimentai and calculated results for Ne* ion scattering 

4.1. Scattering by Cu on clean c&lo) 

A clean Cu(i 10) surface (oxygen coverage <l% of the saturation coverage) was 
used for Ne’ ion scatter~g exper~ents on the Cu surface atoms. In fig. 5 the azi- 
muthal distributions for 5 keV Ne’ ions (current density 4 @A/cm2 perpendicular to 
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Fig. 5. Measured yield of Ne+‘ions scattered by Cu atoms on a clean Cu(i IO) surface (oxygen- 
coverage <l% of oxygen saturation coverage) as a function of the azimuthal angle J, (relative to 
the (110) direction in the surface) for different angles p (relative to the surface plane). The 
curves are separated by a vertical shift of the origin (O(4), O(6), . ..). 
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the primary beam direction) scattered by Cu atoms are shown at different angles of 

incidence cp. The detection direction was normal to the target surface. When the 
projection of the direction of the incoming Ne’ ions incident on the target surface 
is along close-packed directions in the surface plane, such as (1 lo), (112) and (OOl), 
corresponding with $ = O’, 55” and 90” respectively, dips are found for small 
angles of incidence (cp < 15”). For larger angles of incidence (q > 15’) peaks appear 
for some of these azimuthal directions (e.g. cp = 16” and ri/ = 90”). At still higher 
angles of incidence cp these peaks disappear again leaving only a dip in the ( 112) 
direction at $ = 55”. Minor differences in the measured positions of peaks were 
found when different Cu(i 10) crystals were used. 

The behaviour of all these curves can be explained with the help of the shadow 

cone model mentioned earlier. The intensities as a function of cp and $ are directly 
related to the position of atoms which lie next to a certain Cu atom on the surface, 

namely inside the shadow cone, at the edge of that shadow or outside the shadow 
cone of that particular Cu atom. 

Looking at the model of a Cu(i 10) surface (fig. 6), one can imagine that at very 

low angles of incidence cp the atoms A, B and C are inside the shadow cone of 
atom M (depending on $). This means that in the (110) direction, for example, 
hard single collisions at Cu atoms are impossible because all the atoms are lying in 
each other’s shadow cones. The same remarks apply to the (001) and the (112) 

Cu (ilO, SURFACE 

coo1 > <112> 

&I---~&-_&--_-~ _ 

t 
<IlO> 

JI =90° 

Fig. 6. Schematic presentation of the first two layers of a Cu(i 10) surface: (0) cu atoms in the 

surface plane; (8) Cu atoms in the second layer (1.3 A below the surface plane). 
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directions. However, when one increases cp at $ = 90“, then at a certain value atom 
B suddenly comes into the area at the edge of the shadow cone and a strong colli- 
sion with this atom becomes possible. Such collisions will produce a large quantity 
of reflected ions (see fig. 5, at cp= 16’, 18’, 20”, $ = 90”). The same remarks apply 
to the (110) direction ($ = 0”), but at still higher angles of rp (e.g. p = 18”). If 9 is 
larger than 18” a hard collision is possible at all surface atoms. At angles greater 
than ip = 20-22”, only focussing effects on the second layer (on atoms lying at the 
edge of one or more shadow cones) and channelling effects play a part. The latter 
effects are seen for instance at $ = 55” and cp = 30”. In this direction there are 
indeed (011) channels in the crystal. 

A quantification of these explanations is found in the results of computer cal- 
culations given in fig. ‘7. The calculated scattering yield is plotted versus the azi- 
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Fig. 7. Calculated scattermg yields of 5 keV Ne particles scattered by Cu atoms in a Cu(ilO) 

surface (firstly by M and then by A, B, C, etc.). The yields are given as a function of azimuthal 
angle for different angles of incidence ip as indicated. The peaks are marked with the corre- 

sponding letter of the atom where an enlarged flux of Ne atoms is found due to the shadow 

cone of atom M. 



muthal angle $J at different elevation angles of incidence cp. In fig. 7 the origin of the 
different peaks is indicated by a letter that corresponds to a neighbouring atom 
where an enlarged flux of Ne particles has been found due to atom N. The calcula- 
tions were performed using an inverse square power interaction potential (arm2 with 
Q = 132 AZ eV) between a Ne atom and a Cu atom. Bombardment of the surface 
with a homogeneous ion beam was imitated by the calculations. At certain angles Qt 
and J, many different impact points of the primary particle were chosen within a 
unit surface cell (around atom M lying in the centre of a crystal surface). The scat- 
tering angles were calculated for successive binary collisions between the incident 
Ne atom and the target atoms of the first two surface layers. The scattering yield 
was calculated by counting the number of particles scattered within a certain space- 
angle interval and energy interval (analogous to the experimental circumstances). 
The calculated results can be compared only qualitatively with the experimental 
results (i.e. position of peaks and dips and not ma~itudes), because neutralization 
effects are not taken into account. 

The correspondence between measured (fig. 5) and calculated (fig. 7) peaks and 
dips shows the applicability of the shadow cone model for these experiments. Small 
differences between the measured and calculated position of the peaks are attri- 
buted to the selective detection of the ionized particles and to the somewhat 
arbitrarily assumed interaction potential between the incoming atom (ion) and the 
surface atom. 

4.2. Scatrering by Cu on oxygen-covered Cu(llf3) 

The experiments on oxygen-covered Cu(i 10) surfaces were performed by means 
of Ne’ ion scattering measurements at an oxygen pressure of lo-” Torr in the target 
chamber. At this oxygen pressure the oxygen coverage varied between 90% and 
100% of the saturation coverage for all angles of incidence and at the ion intensities 
used [5]. According to a recent AES-LEED~~psomet~ study [3] the saturation 
coverage is about half a monolayer. 

Fig. 8 shows the azimuthal distributions for 4 keV Ne‘ ions scattered by the Cu 
atoms. Comparison with results for a clean Cu(i 10) surface (curve a) shows that the 
overall structure of the distributions is almost equal. The only difference is that 
there is an extra peak near the (110) direction. This behaviour was also found at 
other elevation angles \o smaller than 13”. The extra peak disappears at larger cp 
values. There is therefore good reason to assume that this peak is due to the shadow 
cone of the oxygen. 

This overall correspondence between the azimuthal distributions from clean and 
from oxygen-covered Cufi 10) surfaces leads us to conclude that the displacements 
of the copper atoms in and perpendicular to the surface plane of an oxygen- 
exposed Cu(il0) surface at room temperature are less than 4% of the interatomic 
distances (2.56 A). 
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Pig. 8. MCWE!~ yield of Net ions scattered by CU atoms on a Cu(i JO) surface partially covered 
with oxygen as a kunction of the azimuthal direction (curve bL The rcsuk~ are compared with 
those on clean Cu (cunre a). 

The expsrtiantal conditions (e.g, oxygen pressure and covtrrage) were the same 
as in section 42, Agajn the peaks aad dips in the distributions shown in fig. 9 
depend on the azimuthal angIe $ and elcvetion angle of incidence \p. An estimate of 
the oxygen position on the &u(i 15) surFace can be made h&ore a delaiIed explana- 
tior3 of these ex~~~~e~~ta~ resirlts is given. 

At veq- sm& angies of iacide32ce 9 (evgz ii_” = 3#) a~~rec~~~~~ scattering :s GXmxf 
or& near &e < iE 30) dire&oir. At larger values of ip we find ~~~~d~~ any oxygen scitt- 
tering at lit = 0°, This means that the oxygen atom is always in the shadow cone wz’ 
a Cu atom in the (051) chain for q v&as smaller than 15”. 

Therefore we WI conclude that the oxygen atoms are situated in a (501) surface 
chain, or to be more precise in a (1.10) plane normal to the surface. Since the oxy- 
gen was dways found irr the (115) d~~~ct~or~ and the azimuthaS distributions were 
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yields of the Ne’ ions scattered by 0 atoms chemisorbed on a Cu(il0) surface Eq. 9. Measured 
as a function of the azimuthal angle I$ for different elevation angles of incidence up as indicated 
(V = 2”) 3”, . ..). The curves are separated by a vertical shift of the origin (O(2), O(3), ._.). 

symmetric around this (110) direction (which was measured but not shown in the 
figures), it is reasonable to assume that the position of the oxygen is at the same 
distance from two neighbouring Cu atoms in this (001) chain. Knowing this aspect 
of the position of the oxygen on the Cu(i 10) surface we can expect that in a 
( 1 I 1 f direction ($ = 35’) the distributions will behave in accordance with this posi- 
tion, This means that the oxygen atom will sometimes be in the shadow cone of 
atom B of Gg_ 1Oa. 

We do indeed see a peak on each side of this incidence direction (J/ = 35’) at cp = 
6-14”. These two peaks (in fig. 9 indicated by I and II) can be explained by the 
shadow cone model. The two peaks are formed because in these azimuthal direc- 
tions the oxygen atom is at the edge of the shadow cone of atom B. In fig. 10b the 
position of these two peaks (and also the position of other peaks) represented by 
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Fig. 10. (a) Schematic drawing of the Cu(T 10) surface plane, with a projected 0 atom between 
two next nearest neighbour Cu atoms. (b) Peak positions (as deduced from fig. 9) shown in 
q--J/ diagram and given by small circles with bars indicating the peak widths. The large circles 
correspond to undisturbed shadow cones belonging to the indicated Cu atoms (see text). 

small circles with bars indicating the peak width, are shown in a rp-$ plot for the 
different angular distributions of fig. 9. 

From fig. 10b it follows that the largest angle between the two scattering maxi- 
ma around $ = 35’ is found at cp = 9”. This means that at these angles of inci- 
dence 9 and 9 the oxygen atom is right in the middle of the shadow cone of atom 
B. 

Knowing the values of cp and $I and the distances between surface atoms (2.56 A 
and 2.56d2 A), we can now calculate the position of the oxygen below the surface 
layer. The value for the impact parameter, which causes a scattering angle of 45’ 
for Ne+ on 0, can be estimated as 0.1 A for different types of interaction potentials 
between Ne and 0 (for the used primary energy of 3 keV). The impact area of the 
oxygen atom is found to be 0.5 f 0.1 a below the surface plane. So the distance 
of the oxygen atom centre to the surface plane is approximately 0.6 f 0.1 A. 

Starting with this calculated position, one may expect that at $J = 35’ and cp= 
9” + f X 18’ (the value of 18’ is the estimated value for the largest angle between 
the two scattering maxima around $ = 35’ at cp = 9”) the oxygen atom will be at 
the edge of the shadow cone of atom B. A peak is indeed seen when P is equal to 
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this value (q = 18”). However, this peak is also visible for cp = 16” and cp = 17”. It 
should be pointed out that thermal vibrations of the surface atoms normal to the 
surface plane can cause this spread in cp. So we can conclude that our estimate of 
the oxygen atom position is correct. A more detailed discussion of the experimental 
results given in fig. 9 is necessary to explain the background of Ne’ ions scattered 
by oxygen in directions where total shadowing takes place. The background signal 
is partly caused by a broadening of the peaks in the distributions due to the angular 
resolution of the analyzer system (Aq = 3 5” and A6 = 6.5’) and the angular spread 
of the primary beam (1’). Thermal vibrations of the Cu and 0 atoms in the target 
surface also give rise to peak broadening. These effects, however, cannot explain the 
background in the (001) direction (see e.g. the distribution for rp = 9” or 10” in fig. 
9). The most important contribution to the background is supposed to be supplied 
by ions scattered from deeper layers. (This supposition will be discussed in more 
detail in section 5). Scattering by physisorbed oxygen or oxygen in the vicinity of 
surface defects may also contribute to the background signal. 

The calculated position of the oxygen is used to calculate the cp and J, values at 
which the oxygen atom lies at the edge of a shadow cone of a certain Cu atom. The 
results are circles in a cp-$ diagram. This is demonstrated in fig. lob for different 
atoms indicated by A, . . . . F. The disturbance of the shadow cones by neighbouring 
atoms is neglected in the calculations. If the influence of neighbouring atoms is 
taken into account, the given circles will be somewhat distorted. This distortion will 
be small, if the distance between a neighbouring atom and the edge of a shadow 
cone is relatively large (see for instance fig. 1, where for P> 0.7 A the particle is 
only slightly deflected). This situation is valid for atoms A, B and F (see fig. lob). 
The intensity of the peak at C and D (see fig. 9, e.g. at q = 9”, $ = 13”) suggests 
that the combined shadow cones of atom C and D give a large flux of particles on 
the oxygen atom. This is the so-called ion focussing or wedge focussing effect 
[25-271. The combined effects of the shadow cones of atom C and B also give rise 
to a high intensity (indicated by I in fig. 9). No peaks are found for atom A because 
of blocking effects by atom G; Taking these considerations into account, the overall 
agreement between the calculated and experimental results is remarkably good (see 
fig. 10). 

5. Final remarks and conclusion 

The measured angular distributions of scattered ions N($) show a large number 
of peaks and dips. The used primary energy range (3-5 keV) is an optimum for the 
appearance of structure in the measured distribution on the one hand and the inter- 
pretation of the structure on the other hand. With low primary ion energles less 
structure is visible in the distributions, probably because of neutralization effects. 
High primary ion energies increase the influence of deeper layers in the measured 
distributions and complicate the interpretation of the origin of peaks and dips. The 



best way of interpreting the presented distributions is to start with the large dips, 
which always originate from close-packed directions. ‘The interpretation of the ori- 
gin of peaks in the $ distributions is sometimes complicated by the fact that the 
positions of the peaks may be shifted by simultaneous interaction of neighbouring 
Cu atoms on the scattered Ne’ ions. Moreover two or more n~i~bou~ng atoms can 
g&e rise to a peak at a no~~-tr~~~ phce in the d~st~b~t~o~, 

~eve~e~e~ the peaks in the ~strib~t~ons~ orjg~at~ng fmm the enlarged flux at 
the edge of a shadow cone, are useful to determine positions of adsorbed atoms on 
a surface, as we found in the case of oxygen on a Cu(il0) surface. 

The measurement of angular distributions of scattered ions is a direct method 
for determiniag adsorbed-atom positions above and below the surface plane. 1n the 
special case studied here, Ne‘ ions scattered by oxygen, only scattering angles below 
53” are po&bb ~ccord~ng to the single coWon model. ‘J&is means that Ne’ ions 
scattered on oxygen atoms befovv a Cu sufxe dyer might be bfocked by surface 
atoms after being scattered on the oxygen. This Mocking effect can a&o cause a dip 
in the ~II~I&X distribution at certa,in angles of incidence and certain scattering 
angles. The blocking effects possibly influence the measured distributions of Ne” 
ions scattered by oxygen on a Cu(jlO) surface in the (110) direction (see figs. 9 
and 10, where there are no peaks near atom A). 

The expianation given for the experiment& results was justified in the case of a 
clean Co surface, because of the agreement between the osculated and measumd 
~~~~~~~~~~~” 

This agreement was not only in the positions of the peaks and dips but &.a in 
the elevated background for cp = I ci’-30’ (see figs. 5 and 7). The explanations for 
this background is that scattering by all surface atoms is possible at these elevation 
angles of incidence, The absence of background at smaller elevation angles (in cal- 
culated and in experimental distributions) indicates the absence of surface defects 
(datoms and surface steps). 

fn the case of oxygen on a Cn(f 10) surface, sim2ar c~c~at~o~~ are necessary to 
explain aB the details in the measured angular d~st~b~t~ons” These calculations are 
not essential. far the determination of the position of the oxygen on the Cu surface 
as has been shown already. No comparisons of the determined oxygen position on 
Cu(il0) are possible because no experimental data are avaPable (as far as the 
authors know) except LEED data [6-81, which gives a (2 X 1) structure in the case 
of oxygen on Cu(fl0). Comparisons with LEED data are complicated because 
LEED experiments are genera& performed with the adsorbed Iayer in a static situ- 
ation, whereas our resu&s are obta~e~ in a dynode situation, in. oxygen was 
admitted during bombardment. The oxygen coverage degree resufts from an equi- 
librium between the number of adsorbed oxygen particles and the number of 
desorbed and sputtered oxygen particles. Although ion bombardment may influ- 
ence the mear;ured oxygen position in the first surface layer, control measurements 
in a static situation did not indicate any such influence. 

With regard to the experiments on oxygen-covered Cu surfaces another remark 



should be made. In measured energy spectra of Ne’ ions on oxygencovered 
Cu(i 10) surfaces (iYe0 fig. 4b) an increased number of counts was measured on the 
law energy side of the Ne’-Cu scattering peak. This increased number of counts 
was also measured for incidence directions in which hardly any oxygen scattering 
was observed in the energy spectra (e.g. at II, = 9U”, where the oxygen atom is inside 
the shadow cone of a Cu surface atom). Such ~e~~v~~~r was found on Cu(l f t) too. 
On clean copper surface this low energy tail in the energy spectra of He’ ions is 
absent for the used primary ion energies. The increased number of counts at the 
low energy side of scattering peaks can be attributed to particles which followed 
rather complicated trajectories in or below the surface layer and most of them have 
therefore been neutralized. Since the increased tail in the energy spectra for oxy- 
gen-covered surfaces can not originate from multiple scattering ham oxygen rows 
or Cu-0 rows, this probably means that the oxygen on the surface causes an 
enlarged ~o~~tio~ p~bab~ty or a decreased neut~~atio~ ~~obab~ty for Be 
particles scattered below or in fhe u~~e~ost surface layer. This tail can be used for 
studying the neu~~~l~~ation of scattered particles or for investigating second surface 
layers. 

To conclude, law energy ion scattering experiments are a useful tool for investi- 
gating adsorbed layers. In those cases where the adsorbed atoms are in regular posi- 
tions above or below the crystal surface, the low energy of the incoming ions makes 
it posGbie to determine the relative position of the adsorbed atoms with the h&p of 
the shadow cone model, 
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