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Sputtering Yields

W. Eckstein

Max-Planck-Institut fiir Plasmaphysik, Boltzmannstr.2, D-85748 Garching,
Germany wge@ipp.mpg.de

Abstract. Sputtering is caused by collision cascades initiated by energetic ions
or neutrals incident on a solid or liquid target. The sputtering yield, Y, i.e. the
average number of atoms removed from a target per incident particle (atom or
ion), is the most global value in sputtering. It depends on the target material, on
the species of bombarding particles and their energy and the angle of incidence.
Most experimental and calculated results have been determined for amorphous and
polycrystalline targets but also values for single crystal targets are available. An
extensive comparison of experimental and calculated yield values are provided and
the accuracies of these values are discussed. The sputtering yields of multicompo-
nent systems depend on the bombarding fluence and show sometimes a complicated
behaviour.

1 Experimental Methods

Several conditions have to be fulfilled for achieving reliable and reproducible
results [1,2]:

a) The beam of incident particles (ions or neutrals) should have a well
defined energy with a small energy width (important especially at low ener-
gies) and a small angular divergence (important at grazing incidence). The
beam should be mass-analyzed, especially for light ions, in order to separate
different species such as molecular ions from atomic ions and especially par-
ticles with very different masses. The incident fluence should be measured
accurately, which affords the knowledge of the ion current.

b) For elemental targets the impurity content in the target should be
negligible, especially if impurities have masses very different from the inves-
tigated element. Due to the dependence of the yield on the angle of incidence
the target should be flat. An initially polished surface will, however, gener-
ally become rough during particle bombardment [3,4]. Implantation of the
bombarding species into the target will also modify the yield; therefore a
measurement of the yield versus the incident fluence is valuable to show the
difference between low fluence and steady state (saturation). Most targets
are not amorphous and the crystal grains are not randomly oriented. The
target structure, if not a single crystal, should be checked to have an idea
about any texture of the target. For a sputtering measurement at a target
consisting of a thin film on a substrate, the film should be thick enough, that
the underlying substrate does not modify the collision cascade in the film.
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¢) The vacuum conditions should be good enough, that adsorption of
residual gas species on the target during bombardment is negligible. This is
of special importance if the yields are low such as for light incident ions and
for oxide and nitride forming elements. The general condition is, that the
arrival number and the sticking probability of these rest gas species per unit
time must be smaller than the corresponding arrival of beam species times
the sputtering yield of the gas species.

For the determination the sputtering yield the incident fluence and the
removed target material have to be measured. The incident fluence is usually
determined by the incident charge, the removed material by several methods
[2]:

a) Mass change.

The amount of material removed from an elemental target can be deter-
mined by the measured mass change, Am, giving for the sputtering yield

_ Am
- MQTLl

y No 1)
where M, is the target atomic mass, nq is the number of incident projectile
ions (atoms), and Ny is the Avogadro number. This formula is only cor-
rect, if implantation and trapping of bombarding projectiles [4,5] into the
target is negligible. This is justified for light ions implanted into a target
of heavy atoms, if their concentration stays low during bombardment and
if the light ions do not accumulate in the target, i.e. diffusion into the bulk
can be neglected. The mass change of a thin film evaporated on a quartz
crystal oscillator can be determined by a frequency change of the oscillator
[6-8]. Other problems are the weighing of the bombarded target outside the
bombarding vacuum chamber due to adsorption of water or oxygen at the
surface, adsorption of gaseous species inside the vacuum chamber, and surface
roughness.

b) Thickness change.

The amount of material removed can be determined by the measurement
of the thickness change of a thin film, for example, with Rutherford backscat-
tering [9,10]. The measured areal density before and after bombardment give
the yield. Other methods are x-ray analysis, nuclear reaction analysis, meth-
ods using electrons such as an electron microprobe or transmission electron
microscopy, mechanical methods such as the measurement of crater depth,
and changes in interference colours. Changes in electrical resistivity have been
applied to thin metal films and wires [11,12]. Thin metal films have been sput-
tered until a hole appeared [13]. Possible errors are forward sputtering and a
nonuniform current density distribution.

c) Collection of sputtered material.

Another procedure to determine the amount of atoms removed is a mea-
surement of the sputtered material by collecting it on catcher foils. Possible
errors are an incomplete collection of sputtered material due to a limited
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solid angle (smaller than half space), incomplete sticking, backscattering and
sputtering of the deposited films. This is especially important for high energy
sputtered atoms at oblique incidence bombardment. Another very sensitive
technique is neutron activation of the collected material or of the target
[14,15].

d) Field ion microscopy.

This method allows counting of the atoms sputtered from a tip, but a
problem appears for the determination of the incident ion fluence [16,17]. An
array of tips was used.

e) Spectroscopy method.

A plasma column in front of the target is may be used for exciting the
sputtered neutrals. Specific emission lines are observed [18]. The method
needs knowledge about the plasma, and for the calculation of the excitation
rate it relies on an atomic data base as ADAS [19]. The method is fast and
very sensitive.

With these techniques a large amount of sputtering yield data have been
accumulated for many ion-target combinations, mostly for polycrystalline
targets.

2 Calculational Methods

Several efforts have been made to calculate sputtering yields for amorphous,
polycrystalline and single crystal targets [20-23]. Besides the analytic ap-
proach by Sigmund [20,21] many sputtering yields have been calculated with
computer programs based on the binary collision approximation, see Chap-
ter by Eckstein and Urbassek . A large number of yields have been provided
mainly by Yamamura [24,25] with his program ACAT [26] and by Eckstein
[27] with the program TRIM.SP [28,29]. These authors use different interac-
tion potentials, Yamamura the Nakagawa-Yamamura potential [30], Eckstein
the KrC (WHB) potential [31]. For the surface binding energy [29] the heat
of sublimation is applied. A comparison for the energy dependence of the
sputtering yield of silver bombarded with Ar calculated with different inter-
action potentials is shown in Fig. 1. Whereas the KrC, ZBL, and Moliere
(correction factor to the screening length, ca=0.8) potentials give nearly the
same results, however, Moliere (with ca=1) and Nakagawa-Yamamura poten-
tials show larger yields at higher bombarding energies. For comparison also
sputtering yields determined by the analytic theory are given; these values
are generally higher than the yields obtained by computer programs. In the
threshold region the differences in the yield calculated with the different po-
tentials are more pronounced due to the differences of the potentials at large
interatomic distances.

For the inelastic energy loss an equipartition of the Lindhard-Scharff and
the Oen-Robinson models is used in some computer simulations (see Chapter
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Fig. 1. Calculated energy dependence of the sputtering yield at normal incidence
for the bombardment of Ag with Ar for different interaction potentials (ca is a
correction factor to the screening length) calculated by Yamamura [24,25] and by
Eckstein [32]. The curve from the analytic theory (Sigmund) is taken from [2]. Lines
are drawn to guide the eye

by Eckstein, Urbassek). The influence of inelastic energy losses in the cal-
culated sputtering yields is shown in Fig. 2. As expected the effect of the
inelastic energy loss is smallest in the keV energy range and increases with
higher and lower incident energies. The relative small effect may be a justi-
fication for the neglect of the inelastic energy loss in the analytic theory.

No assumptions are made to improve agreement with experimental data.
Only for light ions Yamamura introduced small corrections in the screening
length [24,25] in the interaction potential, which he supported by theoretical
arguments [33].

The static BCA programs allow the determination of sputtering yields
under the assumption that the target composition is not changed during
bombardment. This applies for selfbombardment, hydrogen and noble gas
bombardment, as long as trapping of these species can be regarded as negli-
gible. In most other cases, such as, for example, for metal atom bombardment
of carbon the target composition is changed in the implantation range. Then
the yield will change with bombarding time or ion fluence. In these cases a
dynamic program such as TRIDYN [29,34,35] has to be applied. An exception
is the bombardment with a low fluence (negligible target change).
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Fig. 2. Calculated energy dependence of the sputtering yield at normal incidence
for the bombardment of Ni with Ar with and without inelastic energy loss calculated
with TRIM.SP [32]. Lines are drawn to guide the eye

3 Mono-atomic Targets

As bombarding particles mainly hydrogen isotopes and noble gases have been
used. The implicit assumption is, that target composition changes due to
bombardment as for example by implantation are negligible. All other exam-
ples are discussed in sections 4 to 8. Experimental data up to 1981 were pre-
sented in the review by Andersen and Bay [2]. Since that time computer simu-
lation has provided many values [24,25,36]. Collection of sputtering yields for
special materials for the nuclear fusion community can be found in [37-41].

3.1 Energy Dependence of the Sputtering Yield at Normal
Incidence

For the survey of the many experimental and calculated sputtering yields at
normal incidence the following procedure has been adopted. The calculated
values have been fitted by an empirical formula and will be compared with
experimental data, see 3.3. The reasoning for this procedure is the following:
The experimental data often cover only a limited energy range between the
threshold energy and at least 10 keV, whereas missing values can be obtained
by calculations. Another point is, possible systematic deviations between cal-
culated and experimental data will show up more clearly. In experiments the
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target surface roughness (which may change even with ion fluence) is usu-
ally not known, whereas in calculations a nearly flat surface is assumed. Due
to the increase of the sputtering yield with an increasing angle of incidence
(with respect to the surface normal) the experimental data at normal in-
cidence should generally give a somewhat higher value than the calculated
values (up to a factor of two). On the other side, simulations may suffer from
insufficiently accurate interaction potentials or inelastic energy losses.

The procedure applied here is different from the fitting by Yamamura
[24,25] and Janev [42], who used the available experimental data and some
calculated values for the fitting. In the last mentioned paper the authors
derived a unified analytic representation for the sputtering yields, which is
not convenient for practical purposes.

3.2 Fitting

Many formulae have been proposed to describe the energy dependence of the
sputtering yield at normal incidence, see [43] and the literature in this paper.
In this book the energy dependence of sputtering yields calculated for normal
incidence has been fitted with the formula proposed by Eckstein and Preuss
[44], which gives generally a better description of the available yield values;
it was also used in [41]:

Ein
A w(er) + (EE—”L — 1)#

with the nuclear stopping power for the KrC (WHB) potential [43]

[t 1)
0

Y(Eo) = q s, (e1) (2)

_ 0.5In(1 +1.2288ey) with
o) ®)
w(er) = er + 0.1728/Ff + 0.008¢91904

£

EL)

the reduced energy

M2 ary,

= F
e 0M1 + M2 Z1Z2€2

= EO/E (4)

and the Lindhard screening length [45]

or2\ '/? ~1/2
ar = (%) ap (Zf/3 + Z§/3) . ap=00529177om  (5)
where ap is the Bohr radius. Z;, Z5, and M, M5 are the atomic numbers
and the atomic masses of the projectile and target atom, respectively. The
threshold energy Ej;, and the values ¢, A and p are fitting parameters. The
value ¢ is used in tables 1 to 9.
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The proportionality of the yield, Y, to the nuclear stopping power is
adopted from analytic theory [20,21]. ¢ describes the absolute yield, A triggers
the onset of the decrease of the sputtering yield at low energies towards
the threshold, and p is assigned in order to describe the strength of this
decrease. The fitting parameters A, g, u and Ej, are obtained by a procedure
based on Bayesian statistics, which provides a region of confidence and the
corresponding errors [44].

For the fitting of the calculated sputtering yields mainly the values by
Yamamura [24,25] and Eckstein [32,36] are used. Both datasets agree mostly
reasonably well, see Fig. 3, but in some cases deviations up to a factor of
two occur. In many cases additional values of the sputtering yield have been
calculated [32] to get a reasonable fit to lower energies or to extend the fit to
higher energies, where experimental data were available.

1

10

0

10° ©

-

107 ¢

107 L ® Yamamura96 4
F O Eckstein02 (KrC) 1
0 <> Eckstein02 (ZBL)
10—4 A Eckstein04a (KrC)

Y, sputtering yield (atoms/ion)
=

3 — it E
10_5 Ll | L | L |
10’ 10° 10° 10* 10°
energy (eV)

Fig. 3. Energy dependence of the sputtering yield at normal incidence for the
bombardment of Mo with Ar calculated by Yamamura [24,25] and by Eckstein
[32,36]

The fitting parameters for the calculated values are given in Tables 1- 9
(Appendix) together with €, Eg, and Egp /7. Egp is the surface binding energy,
and v = 4M; M, /(M; + M,)? is the energy transfer factor, M; and M, are
the atomic masses of the projectile and target atom, respectively. Tables 25 -
28 give a list of sputtering yields and the corresponding references not shown
in the figures.
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3.3 Comparison of Calculated Values with Experimental Data

For each ion - target combination, where experimental data are available,
figures were produced as shown in Figs. 4-63. Each figure shows the algebraic
fit for the energy dependence of the calculated sputtering yield values and the
experimental data points measured by different authors at normal incidence
for polycrystalline or amorphous materials. In cases, where only calculated
values are available, fit curves for several incident ions are shown in one
figure. The different plots have not always the same energy and yield scales.
Usually, the energy scale for the light ions, hydrogen and helium, reaches up
to 20 keV, whereas for the heavy ions the energy scale reaches up to 200
keV. In some cases the energy scale has been extended, if measured data at
higher energies are available. The yield scale has a lower limit of 10~4, the
upper limit depends on the data. Experimental data for single crystals have
not been included in these plots because of possible channeling effects; the
same applies for bombardment with nonvolatile ion species due to fluence
dependent results (Tables 29 to 31), and to ion species which form stable
compounds with target atoms such as oxides.
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Fig. 4. Energy dependence of sputtering yields of Li for bombardment at normal
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Fig. 13. Energy dependence of sputtering yields of Si for bombardment at normal
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Fig. 14. Energy dependence of sputtering yields of Si for bombardment at normal
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Fig. 15. Energy dependence of sputtering yields of Ti for bombardment at normal
incidence with H [27,49,51,69,111,132], D [27,131-133], “He [27,54,123,132,134,135],
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Fig. 16. Energy dependence of sputtering yields of Ti for bombardment at normal
incidence with Kr [90], Xe [54,18], N [134,137,138] and T, *He
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Fig. 17. Energy dependence of sputtering yields of V for bombardment at normal
incidence with H [49,51], D [131], “He [27,54,51,131,134,140,141], Ne [63,90], Ar
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Fig. 18. Energy dependence of sputtering yields of V for bombardment at normal
incidence with Kr [54,90], Xe [54,90], N [134] and T, *He



Sputtering Yields 23

— T — T
. 1 [ Bl
| He->Cr o f , [ Ne->Cr 1
10" | 4 g Ll
k<] £ 3 £
5 £ 3] F
g [ ] o0
5 f 1 0 E
o 1072 L | F 1
g0 ¢ E i ]
> E |
g i 110t
z L 4 £
310" b E [
o £ | 10° L 4
> [ — fitto calc.values 3 E —— fitto calc.values E
i ® Rosenberg62 1 r @ Laegreid61 ]
107 I | | | 107 . L |
10' 10° 10° 10° 10' 10° 10
10" 10"
f Ar->Cr i f Cr—>Cr i
5 10 ¢ R * 3
e £ ] £ ]
S [ ] [ ]
RTINS R
% E A ] £
= L | § ] L ]
210® L 4 1107 L
5 E A —— fitto calc.values E E
= £ @ Holloway77 ] £ 1
a L A W Laegreid61 1 t § 1
a 100 L & Rosenberg62 i 10° L —— fitto calc.values
> E A Stuart60 E E ® Almen61
[ <« Trbojevic85 ] r m Hayward69
10'4 T P R S T T R SR U UTT R AW | 10-4 el
10' 10° 10° 10* 10° 10' 10° 10° 10* 10°
T T
10' & E 10' &
t Kr—>Cr E f Xe->Cr
= [ ] [ ]
[}
2 10 b E I
1S £ 1 £ 1
S £ ] £ ]
:(:u" 1 [ ] 1 [ ]
S0k 4 10"k
[} E 3 E
= [ ] L ]
g’ 2 [ 1 2 [ 1
'§10 3 3 10 3
2 : : :
> 107 E e grt:eizlf.va\ues . 107 3 —— fitto calc.values
E B Rosenbergé2 k| E @ Rosenberg62 k|
107 TR T R S U T R SR R EET R R | 107 TR Y B AR TT R A ATTT R |
10' 10° 10° 10" 10° 10' 10° 10° 10° 10°
energy (eV) energy (eV)

Fig. 19. Energy dependence of sputtering yields of Cr for bombardment at normal
incidence with *He [54], Ne [63], Ar [54,63,142-144], Cr [79,101], Kr [54,90], Xe [54]
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Fig. 21. Energy dependence of sputtering yields of Fe for bombardment at
normal incidence with H [27,49,51,75,145], D [27,51,75,145], *He [27,51,54], Ne
[63,90,78,98,99], Ar [15,63,88,90,94,98,99,146,147], Fe [79,139]
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Fig. 22. Energy dependence of sputtering yields of Fe for bombardment at normal
incidence with Kr [54,90,98,147], Xe [54,90,98,147], N [99,148], and T, *He
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Fig. 33. Energy dependence of sputtering yields of Nb for bombardment at normal
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Fig. 47. Energy dependence of sputtering yields of Hf for bombardment at normal
incidence with *He [54], Ne [63], Ar [63,150], Kr [54,90], Xe [54], and H, D, T and
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Fig. 60. Energy dependence of sputtering yields of Pb for bombardment at normal
incidence with He [165], Ne [90], Ar [88,90,165], Kr [90], Xe [90], Pb [79]
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Fig. 61. Energy dependence of sputtering yields of Th for bombardment at normal
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The agreement of the experimentally determined sputtering yields at nor-
mal incidence with the fit to the calculated values is generally reasonable. This
gives confidence to the calculated and measured values. Deviations of up to
a factor of two are likely due to uncertainties in the different experiments.
Even for noble gases implanted into targets the measured sputtering yield
can change by up to 30% [130].

There are some obvious deviations:

For carbon and silicon bombardment by hydrogen isotopes and oxygen the
measured sputtering yields are definitely larger than the calculated curves,
especially at low energies, see figures 8 and 13. This is an indication for
a different mechanism contributing to sputtering, which is named chemical
sputtering (see Chapter by Jacob, Roth). For materials which form oxides
with a strong binding the measured sputtering yields are lower as in the
case of beryllium, aluminum and tantalum [88]. The influence of an resid-
ual oxygen pressure in the vacuum system on the measured yield has been
investigated systematically confirming lower yields of oxides on the surface
[101,134,241,242]. For some targets, as for example beryllium, the target had
to be heated to an elevated temperature so that Be diffuses through the oxide
layer resulting in a clean Be surface [48]. Experimental data below 100 eV
may be too large due to the energy width and the angular divergence of the
incident beam [243], energetic neutrals in the ion beam, surface roughness
and adatoms. Also implantation of heavy noble gases in low Z targets can
increase the yield and may shift the threshold to lower energies [18]. Exper-
imental data deviating by an order of magnitude from the calculated curves
are probably erroneous as in the case of hydrogen isotope bombardment of
cobalt, see Fig. 23.

For Cu, Ag, and Au there is a general tendency, that the measured yields
are systematically higher at energies above about 1 keV than the calculated
curves. The reason could be a problem of the interaction potential, the surface
binding energy, or the inelastic energy loss. An experimental reason could be
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a large fraction of sputtered molecular species. But the most likely reason for
the observed discrepancy is the occurrence of collisional spikes, which give a
larger contribution to the yield than for neighbour elements (such as Pt in the
case of Au) [244], see also Chapter by Assmann, Toulemonde, Trautmann.

Extraordinarily high sputtering yields of the order of 105 are reported
for the sputtering of sulfur with He ions [245,246]. These results cannot be
understood by collisional effects; they are explained by the implantation of
charge into the insulating material by the incoming ions and electrostatic
repulsion.

In some experiments such as in fusion plasma devices the incident flux
(of hydrogen) has a distribution in energy and angle of incidence [247]. Cal-
culated yields for a Maxwellian distribution of hydrogen isotopes on several
targets are provided in [36,248].

The dependence of the sputtering yield on the target density has been
studied by Shulga [249,250] with computer simulation showing a slight in-
crease in the yield with increasing target density.

3.4 Angle of Incidence Dependence of the Sputtering Yield

The sputtering yield depends on the angle of incidence of the bombarding
particle. Yields have been calculated with TRIM.SP for different angles of in-
cidence at various energies for several ion-target combinations Analoguously
to the energy dependence of the sputtering yield, the angular dependence
of calulated values is fitted with an algebraic formula [44] and subsequently
compared to experimental data.

et = G ]} e o (on [ (33 ]) o
03:7r—arccos1/m > 7 (7)

05 takes care of the effect, that an angle of incidence of 90° cannot be reached,
if the projectile experience a binding energy E;, (to simulate a chemical
binding). E;, = Eg for selfbombardment with Ey, being the surface binding
energy (heat of sublimation), Es, = 1 eV is assumed for hydrogen isotopes
and nitrogen, E, = 0 for nobel gases. This projectile binding effect is only
important at low energies and especially for selfbombardment. If E;, = 0, 6;
becomes 7 /2 and formula (6) is close to the Yamamura formula [251] besides
the parameter c. If E;, > 0 the projectile experiences an acceleration and a
refraction (decrease of the angle of incidence). The angle 6g,,, at which the
angular dependence reaches its maximum, is determined by

Bom = %03 (arccos(b/ f))/* (8)
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The values of the parameters f,c,b obtained by fitting the calculated
yields (with TRIM.SP) with Bayesian statistics are provided in Tables 10
to 24 together with values Y (Ey,0), Esp, 65, 6om. Figures are only given, if
experimental data for more than three angles of incidence are available.

The general behaviour of the angular dependence of the calculated sput-
tering yields is shown in Fig. 64. As an example for noble gas ions Fig. 64a
shows for *He on nickel, that the maximum of the angular dependence shifts
to larger angles of incidence with increasing projectile energy, and that the
ratio of maximum yield to the yield at normal incidence increases also with
the incident energy. Close to threshold of sputtering the maximum of the
dependence moves towards normal incidence. The situation is different for
a case, where the binding of the projectile to the target becomes important
such as for selfsputtering. Fig. 64b shows the angular dependence for copper
selfbombardment. Close to the threshold energy of sputtering the maximum
occurs at large angles of incidence, moves then to smaller angles of incidence
with increasing projectile energy. It shows the same behaviour as for noble gas
ions at higher energies, where the influence of the projectile binding energy,
E,,, becomes negligible.

=)

Y, sputtering yield (atoms/ion)
=

Y, normalized sputtering yield (atoms/ion)
=)

[

L L L L Il L L L L L L L L
0 30 60 90 0 30 60 90

o

angle of incidence (deg.) angle of incidence (deg.)

Fig. 64. Fit curves to the calculated angular dependence of sputtering yields at
different incident energies for bombardment of nickel with helium (normalized at
normal incidence)(a) and for selfsputtering of copper (b)

Plots of the angular dependence of the fits to the calculated sputtering
yields are given in Figs. 65 - 86. In these plots the yields measured by many
authors are introduced. In some figures the yield is normalized to the yield at
normal incidence, because the experimental data were available in this form.
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The reasonable agreement of the experimental and calculated yields give
again confidence to the calculated values. The angular dependence of the
measured sputtering yield is dependent on the roughness of the target. There
is a general tendency, that the yield at normal incidence is somewhat higher
for rough surfaces than for flat ones and the opposite is true for large angles
of incidence. At about 45° the values for flat and rough surfaces are approx-
imately the same. Kiistner et al. [266,267] determined the surface roughness
with a tunneling microscope and produced from that a distribution of angles
of incidence. Using this distribution as input to a Monte Carlo calculation
provided a much better agreement of the calculated values with the exper-
imental data. Also the assumption of simple geometrical surface structures
in simulation codes gives better agreement with experimental data [268]. For
very rough surfaces the experimental yield at the maximum of the angular
dependence can be a factor of five lower compared to a polished surface [269].
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Citations of experimental data and static calculations of sputtering yields
at normal and oblique incidence for elemental targets not included in fits and
figures due to limited values. They are summerized in Tables 25 - 28.

3.5 Threshold Energy of Sputtering

The threshold energy, E;j, must meet the condition, that the maximum trans-
ferable energy in a collision is larger than the surface binding energy. This
means, that E;, + Esp > Eg /7y, where Ey, is the binding energy of a pro-
jectile to the target surface (Esp, = 0 for noble gas ions), Eg is the surface
binding energy (heat of sublimation), and v = 4M;M,/(M; + M>)? is the
energy transfer factor in a binary collision. M; and M, are the masses of
the projectile and target atom, respectively. This minimum energy is only an
energy consideration, but does not take into account the necessary change in
momentum.

The threshold energy cannot be determined directly. It can be obtained
by extrapolating the sputtering yields to low energies [189,52] using a for-
mula such as (2). The threshold energies determined from the calculated
sputtering yields by this fitting are shown in Tables 1 to 9. The resulting
threshold energies obtained from the data fitting are presented in Fig. 87 in
the form of y(E, + Egp)/Es, = EIf? versus the mass ratio M, /M, because
then EJf¢ should approach unity for large mass ratios. At low mass ratios
the uncertainty in the threshold energy becomes rather large. Besides the
above mentioned energy consideration the momentum reversal for an inci-
dent projectile is important. For a light projectile the momentum reversal
occurs mainly in one collision of an incident light ion with a heavy target
atom [270]. For smaller mass ratios several collisions are necessary for the
momentum reversal thus increasing EJ¢? [271]. The scatter of the values
shows, that the threshold energies at low mass ratios are not well defined.

The threshold energy depends also on the angle of incidence. It has been
shown by simulations, that this dependence is stronger for heavy projectiles
than for light incident ions [272].

4 Single Crystalline Materials

The sputtering yields are largely influenced by the crystallinity and the orien-
tation of the crystal relative to the incident ion beam. For incidence parallel
to crystal planes and/or low index crystal axes the sputtering yields show
pronounced minima [90,273-276]. In these directions the crystal looks more
transparent and the sputtering is reduced. The probability of energy transfer
from the incident atoms to lattice atoms in these open directions is reduced.
The angular distributions of sputtered atoms are highly anisotropic and the
atoms are emitted in closely packed directions. This was first observed exper-
imentally by Wehner (Wehner spots) [277] and also established in computer
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ratio of target mass divided by ion mass. Eg; is the surface binding energy, E;, the
binding energy of a projectile to the target surface

simulations [278]. Surveys of these investigations are given in [1,276] and in
Tables 32 and 33. An example is shown in Fig. 88, where the sputtering
yield is presented for the bombardment of Cu(001) with argon for two in-
cident energies and two incident azimuthal angles [279]. At 5 keV incidence
the yield shows clear evidence of the open directions, in which the incident
ions have a larger penetration depth and show a lower sputtering yield. The
experimental data [280] agree nicely with the curves calculated with MAR-
LOWE, although the surface region is damaged in the experiment by the
incident beam. Some crystallinity must, therefore, remain after bombard-
ment, at least for metals. It is interesting to note, that at lower energies (0.5
keV) the crystalline behaviour in the sputtering yield has disappeared in the
results of the MARLOWE calculations.
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5 Multicomponent Targets

Sputtering becomes more complex, if the target consists of two or more dif-
ferent atomic species [281]. This is generally the case, because some of the
projectiles are implanted and trapped even in a mono-atomic target (species
which form solids as metals, for example). The topic of preferential sputtering
belongs to tis section. The complication arises, because the energy transfer
from the projectile to the various target species is different and lighter el-
ements have longer ranges. This leads to a target composition change with
depth, and consequently to a change of the particle reflection coefficient and
the partial sputtering yields, Y;. In a multicomponent target Y; is defined in
the usual way as the ratio of the sputtered atoms of species (component) i
per projectile. The composition changes proceed with bombardment until at
some incident fluence a steady state or equilibrium is reached. The situation
may become even more complex by compound formation (for example oxides,
carbides, etc.), possible diffusion and segregation effects; surface roughness
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may also change with fluence. Diffusion may be suppressed if the target tem-
perature is low enough.

5.1 Fluence Dependence

It is known for a long time, that sputtering depends on fluence, especially
for systems such as O bombardment of Al or Si [282] because of a compound
formation (oxide). Computer simulations have been performed for a better
understanding of these processes. Considering only collisional effects, a dis-
tinction can be made between a deposition and an erosion regime in the case
of a bombardment with nonvolatile projectiles. If more atoms are implanted
than atoms are sputtered, deposition dominates and the situation is that of
a deposition regime. The border between the two regimes is given by [283]

1-Ry=2XY; =Y or Ry +2XY; =1 9)

where Ry is the particle reflection coefficient and Y; are the partial sputtering
yields forming the total sputtering yield, Y;,;. Because Ry and Y; depend on
the angle of incidence, the border between the two regimes shift with the
incident angle. In both regimes steady state is reached, if the partial yields
become constant with increasing fluence. In the deposition regime this will
happen, if a layer of the projectile species on top of the original target reaches
some thickness, so that backscattered particles and sputtered atoms must
come from this layer. The thickness of this layer will still increase with further
bombardment, but no other changes will occur due to the selfbombardment.
In the erosion case, a final depth distribution of the different species will
form at steady state at a sufficiently high fluence. This depth profile will not
change anymore with increasing fluence although the target thickness will
decrease. Steady state is generally reached for an incident particle fluence,
feq, at which a layer corresponding to the range R of the implanted ions is
removed by sputtering. i.e. fe;Y;ot = pR, where p is the atomic density of
the sputtered layer. This gives for the fluence, f,, to reach steady state or
equilibrium [284,285]

fea = PR/ Yot (10)

The values, R and Y;.¢, depend on the projectile energy and the angle of inci-
dence. R increases monotonically with energy, whereas Y;,; has a maximum
at some energy. This means, that f,, has a minimum close to the energy,
where the yield has its maximum. For heavy ions, f., is of the order of 107
atoms/cm?, whereas for light ions the equilibrium fluence can be much higher.
Analoguously, f., decreases with an increasing angle of incidence until Y3,
reaches a maximum.

Impurities of heavy mass atoms or implantation of heavy ions in a target of
light elements will increase the sputtering yield due to the larger scattering
and larger scattering cross-section. The opposite effect will occur by light
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atom impurities in a matrix of heavy mass atoms. The first effect has been
demonstrated experimentally by the implantation of Xe into Si [130]. Also
TRIDYN computer simulation can reproduce this effect in good agreement
with the experimental data [286]. This sputtering yield amplification is also
called the SYA effect; it has been demonstrated for example by computer
calculations with the program T-DYN [287] for the bombardment of thin
layers of Al on several metallic substrates with noble gas ions [288].

5.2 Oscillations in the Partial Sputtering Yields

At bombardment of a polycrystalline target consisting of low Z atoms with
heavy projectiles in the erosion regime oscillations in the partial sputtering
yields have been found [289], see Fig. 89. At the beginning of the bombard-
ment the implanted projectiles built up a profile at a depth corresponding
to the mean range, R. Further bombardment broadens and increases the
implanted profile. Due to the simultaneous erosion of the surface, the pro-
file moves toward the surface. When the profile reaches the surface, the im-
planted atoms are removed effectively by selfsputtering. After removal of the
implanted layer the partial sputtering yield of implanted atoms is reduced.
Further bombardment builds up a new profile of implanted atoms, which is
broader and less pronounced than the first one. This process may repeat a
few times until a steady state profile is reached and oscillations die out. The
partial sputtering yield of the heavy atoms reach a maximum, when the max-
imum of the depth profile appears at the surface. The minimum of the profile
occurs, when the atomic fraction of the heavy atoms at the surface is lowest.
These oscillations have been predicted with TRIDYN computer simulations
[289] and have been confirmed by experiment [290]. The oscillatory behaviour
will show up only for large mass ratios (Ms/M; > 5) and not too oblique
angles of incidence, and if diffusion and/or segregation can be neglected. A
similar example of In implantation into Si [291] can be explained in the same
way by collisional effects, although the fluence in this experiment was not
large enough to measure oscillations but only the first maximum. In such
cases eq. (10) does not apply. Calculated dynamic behaviour of Be and C
targets by Cs bombardment has been reported by Sielanko and coworkers
[292].

5.3 Sputtering of Compounds

Sputtering of compound targets by noble gas ions is always in the erosion
regime, if retention of noble gases in the target is neglected. Due to the dif-
ferent energy transfer of the ion to the components of the compound target
preferential sputtering will occur, causing different partial yields. The origi-
nal stoichiometry will be modified in the projectile range. Usually one species
is depleted in the target with increasing fluence until some steady state con-
dition is established and the target is sputtered stoichiometrically. In these
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cases the fluence at which the yields have been measured should be always
given. In many experimental results steady state conditions prevail due to the
large fluences needed for example in weight change measurements. In Fig. 90
the partial yields of C and Ta due to the bombardment of TaC with 1 keV
He at normal incidence are shown versus the incident He fluence. The fluence
at which steady state conditions are reached is about 3 - 10'® atoms/cm?.
For hydrogen bombardment this steady state fluence will be even higher, for
heavier noble gases it will be lower. The target composition close to the sur-
face resembles more a Ta target than a TaC target as can be seen in Fig.
90 from the C atomic fraction versus depth. The C depletion will be larger
for hydrogen bombardment, but smaller for heavy atom incidence. For the
bombardment of TiC the preferential sputtering effect is smaller due to the
lower mass of Ti compared to Ta and due to the lower surface binding energy
of Ti compared to Ta. The experimental equilibrium surface concentrations
are close to those calculated [293,294]. The following compound targets which
have been investigated experimentally and by calculations (static calculations
which means low fluence) are summarized in Tables 34 to 36.

Another topic in this field is the simultaneous bombardment with two or
more species. This occurs for example in fusion plasmas, where the dominant
wall bombarding species is hydrogen but with impurities of helium, carbon,
oxygen, and heavier ions. All the incident particles have an energy and angu-
lar distribution, and due to a sheath potential in front of the vessel wall ions
in different charge states are accelerated towards the vessel wall. Such kind
of problems have been discussed in [295,296] for a D influx with C impurity
on Be, Si, C, Mo, and W, and in [297] for D and *He bombardment of carbon
material.
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5.4 Isotope Sputtering

The sputtering of isotope mixtures is also nonstoichiometric at low fluence.
In most cases the lighter isotope is sputtered preferentially. This is usually
described by the value of fractionation, which is defined as

Y (M;) N;

1 (11)

o= Y (M;) N

where Y (M;) and Y (M;) are the partial sputtering yields of mass M; and
Mj, respectively, and N; and N; are the normalized abundances () N, = 1)
of species i and j, respectively. The first theoretical prediction for the partial
sputtering yield ratio has been given by analytic theory [298] and has been
reviewed in [299]

Y(Mj) N

)"

(12)

This gives a value for the fractionation, which is only dependent on the mass
ratio:

5= (%)m 1 (13)

The value m is the parameter in the power potential. It should be smaller
than unity and has been chosen between 0.05 and 0.3. BCA computer sim-
ulations found a value of about 1/6 from the high energy slope of energy
distributions of sputtered atoms [28,300]. Because of the similar masses and
the small value of m, the value of § is of the order of a few percent. Mea-
surements and computer simulations have shown, that isotope sputtering is
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more complex than predicted by the analytic theory. Measurements found,
that the fractionation depends on the polar emission angle of sputtered atoms
[301]. This was also found by molecular dynamics [302] and by Monte Carlo
calculations [272]. The main result of these newer investigations are, that the
fractionation is generally larger than expected from formula (13), see also
[303-305]. Further computer simulation studies have shown, that the frac-
tionation shows an energy and a weak incident angular dependence [285].
The main reason for the discrepancy between the theoretical result and the
computed finding is the neglect of PKA in the theoretical approach. The
simulations show clearly, that the energy and angular dependence originate
predominantly from PKAs. Their contribution becomes dominant at low en-
ergies, especially near the threshold. The SKAs, which are only regarded in
the analytic theory, show also in the simulations nearly no energy or angular
dependence. Isotope sputtering is an important subject in planetary science
[306].

6 Temperature Dependence of the Sputtering Yield

The collisional sputtering should not depend on temperature, at least for ran-
domized target structures as long as the surface binding energy is constant.
However, the surface binding energy (heat of sublimation) shows a small step
at the solid-liquid transition. This step is of the order of 0.1 eV and the effect
on the sputtering yield is very small and in experiments it is obscured by the
onset of vaporization [307]. For single crystals lattice vibrations and anneal-
ing of lattice damage influence the Wehner spots or channeling dips in the
sputtering yield [276]. In the case of multicomponent targets diffusion and
segregation can change the collisional results largely as found experimentally
[308,309] and modelled by simulations. For temperatures close to the melting
point an exponential increase of the erosion yield is found experimentally.
This can be attributed to evaporation [310,208].

The influence of the magnetic state has been investigated for Fe and Ni
single crystals by [311,312] with MD; the effect is a consequence of slight
changes in the interaction potential for the paramagnetic and the ferromag-
netic state.

New experiments found subthreshold sputtering at high temperatures in
the case of sputtering of tungsten at 1470 K [313] and at higher temperatures
(2500 to 3400 K) [314]. The measured yield is reported to be about 107*
for 5 eV D bombardment. The effect is explained by sputtering of weakly
bound adsorbed W atoms at the surface due to damage and the near surface
implantation of gaseous atoms below the surface. Similar effects have been
reported for Li [315] and Sn [316].
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7 Yield Fluctuations

The sputtering yield shows fluctuations, i.e. a different yield for every incident
ion, due to the stochastic slowing down process of projectiles and recoils in
the target. These fluctuations are not accessible experimentally but theoreti-
cally and by computer simulation. Harrison [22] called them ASI distributions
(for ’atoms per single ion’). A theoretical approach [317] did not give any dis-
tributions but predicted large fluctuations. In a more detailed investigation
[318,319] the probability distributions of the sputtering yield were calculated
by Monte Carlo simulations for Nickel bombarded with several ions at dif-
ferent incident energies and angles of incidence. The distributions were fitted
with the two-parametric negative binomial distribution,

_ T(n+¢n)ecn
—nll(¢n) (1 + n)nten

Ley (14)
where n is an integer and (,n are parameters. The negative binomial dis-
tribution is broader than a Poisson distribution with the same yield (mean
value of the distribution). Only at low energies and normal incidence the dis-
tributions were close to a Poisson distribution. At higher energies and oblique
angles of incidence up to 100 atoms per single ion can be sputtered, see Fig.
91. This may explain the surface roughening by ion bombardment.
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Fig. 91. Probability of sputtering n atoms versus the number, n, of sputtered atoms
per single projectile. Ni is bombarded with 50 keV Xe at four angles of incidence, 6.
The open circles show the distributions calculated with TRIM.SP [318]. The values
¢ and n are the parameters of the negative binomial distribution, where ( = Y
and 7 is a measure of the width of the distribution. The corresponding Poisson
distribution is given for comparison
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In another investigation the r~™ power potential was used in a Monte
Carlo program [320]. The calculated distributions could not be fitted by a
negative binomial distribution.

8 Time Evolution of the Sputtering Yield

The sputtered atoms need time to leave the target from their original site.
According to their depth of origin, their path to the surface and their en-
ergy, a distribution of escape times will develop. Whereas time is naturally
included in MD programs, it is not necessary in BCA programs. But time
has been incorporated, in MARLOWE [321], ACAT [322] and in TRIM [323-
325]. Simulations have shown [22,325-327], that the escape times of sputtered
atoms are typically less than one ps. Light sputtered atoms show a shorter
escape time than heavy atoms as demonstrated in Fig. 92.

x107 1073
. 1 keV Ar — TaC |
15F /7 8,=0 |g
:(E '''' 9°= 60°
5
2 {6
(2} -
2 10
S
< 14
o
(]
B 5L
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0 . 0
0 100 200 300 400

time (fs)

Fig. 92. Sputtering yield versus time for the bombardment of TaC with 1 keV Ar
at two angles of incidence, fp, Fig.1b of [325]

The maximum of the escape time dependence of the yield exhibit a shorter
time for oblique incidence than for normal incidence. Also the energy and
angular distributions of sputtered atoms show a time dependence [325,327].

9 Conclusions

The sputtering process of ion bombardment with energies from the threshold
to the MeV range can be well described by BCA computer programs. The
sputtering yields for many ion-target combinations agree in most cases very
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well with experimental yields. For practical use the constants in the algebraic
formulae for the energy and angular dependence of the sputtering yield for
mono-atomic targets have been determined and summarized in tables.
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Table 1. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eyp) at normal incidence in (2). In addition, the threshold energy, Eyj, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A q u | Egn (eV) e | Esh (eV) | Ean/vy
H Li 0.9540 0.0833 | 1.4705 5.6499 | 1.85375e+2 1.67 3.76
D Li 1.4358 0.1321 1.2091 4.6359 | 2.08692e+2 1.67 2.40
T Li 1.8839 0.1629 | 0.9741 4.8558 | 2.32243e+2 1.67 1.98
4He Li 1.9370 0.3617 | 1.2501 6.5037 | 5.56715e+2 1.67 1.80
Li Li 8.2237 0.5159 | 1.7546 5.5264 | 1.12841e+3 1.67 1.67
H Be 0.8007 0.0564 | 1.5147 14.340 | 2.56510e+2 3.38 9.32
D Be 1.7575 0.1044 | 1.9906 9.5059 | 2.82110e+2 3.38 5.67
T Be 2.0794 0.1379 | 1.5660 9.4345 | 3.07966e+2 3.38 4.49
3He Be 0.7725 0.3310 | 1.6036 12.8963 | 6.65344e+2 3.38 4.49
4He Be 1.4745 0.3193 | 1.6989 12.3288 | 7.19545e+2 3.38 3.97
Be Be 2.0334 0.8241 | 1.3437 16.9689 | 2.20796e+3 3.38 3.38
N Be 5.2833 0.9334 | 2.5368 16.5425 | 5.46566e+3 3.38 3.55
O Be 1.2209 1.2024 | 1.6881 22.6648 | 6.97104e+3 3.38 3.67
Ne Be 2.5474 1.8309 | 1.9400 22.7750 | 1.06588e+4 3.38 3.96
Ar Be 0.8082 3.2032 | 1.5058 37.1816 | 3.68450e+4 3.38 5.63
Kr Be 0.3844 5.3588 | 1.9600 61.452 | 1.67028e+5 3.38 9.64
Xe Be 0.4779 8.1740 | 1.8350 86.942 | 4.23834e+5 3.38 14.06
H B 0.8989 0.0329 | 1.3689 28.5753 | 3.32864e+2 5.73 18.33
D B 1.0068 0.0686 | 1.4105 20.255 | 3.61025e+2 5.73 10.84
T B 2.0179 0.1107 | 1.3317 18.2282 | 3.89468e+2 5.73 8.39
5He B 1.2373 0.2013 | 1.5394 20.829 | 8.35205e+2 5.73 8.39
4He B 0.9493 0.2551 | 0.9796 23.533 | 8.94388e+2 5.73 7.27
B B 3.1629 0.9355 | 1.5939 26.7860 | 3.71634e+3 5.73 5.73
O B 0.8342 1.0128 | 1.1909 44.783 | 8.02325e+3 5.73 5.95
Ne B 0.8654 1.3272 | 1.1180 47.0718 | 1.21179e+4 5.73 6.31
H C 1.3533 0.0241 | 1.4103 38.630 | 4.14659e+2 7.41 25.89
D C 1.2848 0.0539 | 1.1977 27.770 | 4.46507e+2 7.41 15.08
T C 1.9050 0.0718 | 1.1512 23.617 | 4.78673e+2 7.41 11.54
3He C 0.7341 0.2058 | 1.1956 29.883 | 1.02061e+3 7.41 11.54
4He C 4.5910 0.1951 1.7852 19.124 | 1.08716e+3 7.41 9.88
C C | 13.9666 0.7015 | 2.0947 21.4457 | 5.68684e+3 7.41 7.41
N C 5.4288 0.7481 1.7701 34.9372 | 7.37899e+3 7.41 7.45
O C 9.6110 1.0171 | 2.0102 34.1293 | 9.29758e+3 7.41 7.56
Ne C 2.5015 1.1912 | 1.6551 46.6904 | 1.39308e+4 7.41 7.92
Ar C 1.2622 2.4576 | 1.3952 68.8460 | 4.57989e+4 7.41 10.42
Kr C 1.3628 3.4372 | 2.2366 88.2918 | 1.99609e+5 7.41 16.90
Xe C 0.4408 4.3004 | 1.7734 145.4236 | 4.98349e+5 7.41 24.13
Mg Mg 0.2574 5.3651 | 1.6993 8.5706 | 2.86599e+4 1.54 1.54
Ar Mg 0.2522 7.5660 | 1.8294 10.7751 | 6.10685e+4 1.54 1.64
Kr Mg 0.2655 | 13.1219 | 2.1498 13.1728 | 2.37254e+5 1.54 2.21
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Table 2. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eyp) at normal incidence in (2). In addition, the threshold energy, Eyj, the reduced

energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A qa w | E¢n (eV) e | Es (eV) | Esn/vy
H Al | 0.4138 0.0469 | 1.6177 30.2224 | 1.05916e+3 3.36 24.15
D Al | 0.2912 0.1076 | 1.3913 18.4706 | 1.09700e+3 3.36 13.02
T Al | 0.3384 0.1628 | 1.3777 14.067 | 1.13522e+3 3.36 9.28
3He Al | 0.2670 0.4034 | 2.2720 14.217 | 1.37037e+3 3.36 9.28
4He Al | 0.2072 0.3889 | 1.3234 14.0994 | 2.44780e+3 3.36 7.47
N Al | 0.3513 2.0764 | 1.7955 13.6115 | 1.28804e+4 3.36 3.73
Ne Al | 0.3813 3.0949 | 1.7394 16.904 | 2.22732e+4 3.36 3.43
Al Al | 0.6008 3.9180 | 1.9550 16.0955 | 3.45451e+4 3.36 3.36
Ar Al | 0.4713 4.7928 | 2.0810 21.5497 | 6.28194e+4 3.36 3.49
Kr Al | 0.3085 8.4547 | 1.9648 28.6055 | 2.39411e+5 3.36 4.56
Xe Al | 0.2200 | 11.9561 1.9797 37.3796 | 5.63459e+5 3.36 5.94
H Si | 0.4819 0.0276 | 0.9951 49.792 | 1.16317e+3 4.70 35.07
D Si | 0.5326 0.0569 | 1.6537 24.543 | 1.20314e+3 4.70 18.85
T Si | 0.4112 0.0816 | 0.9325 21.298 1.24352e+3 4.70 13.41
3He Si | 0.3065 0.1823 | 1.3953 21.405 | 2.59209e+3 4.70 13.41
4He Si | 0.2524 0.2319 | 1.4732 18.899 | 2.67374e+3 4.70 10.77
N Si | 0.4888 1.4367 | 1.7970 16.6977 | 1.38909e+4 4.70 5.29
Ne Si | 0.2995 2.0693 | 1.5152 23.412 | 2.39034e+4 4.70 4.83
Si Si | 0.6726 2.6951 | 1.7584 20.035 | 4.10661e+4 4.70 4.70
Ar Si | 0.2770 3.2299 | 1.5284 32.8380 | 6.67979e+4 4.70 4.85
Kr Si | 0.3000 6.3659 | 1.7639 39.5819 | 2.52242e+5 4.70 6.25
Xe Si | 0.3076 8.4521 1.6342 45.1518 | 5.91044e+5 4.70 8.09
Ca Ca | 0.0968 6.6980 | 1.5276 10.679 | 9.43891e+4 1.83 1.83
Sc Sc | 0.3163 5.8720 | 1.7448 16.804 | 1.05770e+5 3.49 3.49
H Ti | 0.6214 0.0207 | 0.9427 77.1765 | 2.05415e+3 4.89 60.45
D Ti | 0.3491 0.0565 | 1.3957 39.259 | 2.09615e+3 4.89 31.63
T Ti | 0.3469 0.0887 | 1.1426 29.3389 | 2.13856e+3 4.89 21.91
3He Ti | 0.3632 0.1456 | 1.1171 31.303 | 4.41677e+3 4.89 21.91
4He Ti | 0.2053 0.2036 | 1.6310 24.5359 | 4.50177e+3 4.89 17.19
N Ti | 0.2321 1.8168 | 2.0297 16.5403 | 2.07557e+4 4.89 6.98
Ne Ti | 0.2317 2.6253 | 1.8113 19.564 | 3.39688e+4 4.89 5.86
Ar Ti | 0.3152 4.8957 | 1.8291 25.019 | 8.56428e+4 4.89 4.93
Ti Ti | 0.3217 4.9010 | 1.6929 24.356 | 1.17898e+5 4.89 4.89
Kr Ti | 0.4445 8.4878 | 2.2691 30.9784 | 2.89844e+5 4.89 5.28
Xe Ti | 0.2234 | 12.9890 | 1.8943 39.6382 | 6.42730e+5 4.89 6.24
H V | 0.7528 0.0234 | 1.7703 79.7078 | 2.17329e+3 5.33 69.90
D V | 0.6688 0.0606 | 1.6983 42.766 | 2.21513e+3 5.33 36.49
T V | 0.1885 0.0630 | 1.4064 33.343 | 2.25738e+3 5.33 25.22
3He V | 0.5942 0.1590 | 1.2342 34.402 | 4.65839e+3 5.33 25.22
4He V | 0.1705 0.2146 | 1.4230 29.0921 | 4.74299e+3 5.33 19.74
N V | 0.2801 1.9363 | 2.1837 18.4653 | 2.16246e+4 5.33 7.88
Ne V | 0.1444 3.3295 | 1.8660 23.1560 | 3.52128e+4 5.33 6.56
Ar V | 0.2139 5.2774 | 1.9274 29.797 | 8.78018e+4 5.33 5.41
A% V | 0.3015 6.7315 | 1.6807 25.9840 | 1.30783e+5 5.33 5.33
Kr V | 0.3500 9.4796 | 2.2023 34.6199 | 2.93342e+5 5.33 5.67
Xe V | 0.2601 13.9197 | 2.0005 41.6428 | 6.45981e+5 5.33 6.62
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Table 3. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eop) at normal incidence in (2). In addition, the threshold energy, Eyy, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A qa w | E¢n (eV) e | Es (eV) | Esn/vy
H Cr | 0.3673 0.0405 | 1.4998 65.8795 | 2.29573e+3 4.12 55.11
D Cr | 0.2899 0.1084 | 1.7152 35.024 | 2.33904e+3 4.12 28.75
T Cr | 0.2663 0.1776 | 1.8134 25.074 | 2.38278e+3 4.12 19.85
3He Cr | 0.1869 0.2985 | 1.3060 28.803 | 4.91344e+3 4.12 19.85
4He Cr | 0.3120 0.3508 | 1.8564 21.611 5.00096e+3 4.12 15.53
Ne Cr | 0.2550 5.8847 | 2.2414 18.550 | 3.68638e+4 4.12 5.11
Ar Cr | 0.3285 7.6222 | 2.3546 22.3536 | 9.15022e+4 4.12 4.19
Cr Cr | 0.3472 9.6358 | 2.1501 21.4357 | 1.44437e+5 4.12 4.12
Kr Cr | 0.3681 13.4719 | 2.4061 26.2860 | 3.04062e+5 4.12 4.36
Xe Cr | 0.0642 | 20.0590 | 1.7830 35.7764 | 6.67613e+5 4.12 5.07
H Mn | 0.5704 0.0774 | 2.5497 43.501 2.41819e+3 2.92 41.18
D Mn | 0.3203 0.2007 | 1.7627 25.5675 | 2.46141e+3 2.92 21.44
T Mn | 0.2140 0.3193 | 1.8198 18.5434 | 2.50506e+3 2.92 14.78
3He Mn | 0.1201 0.5548 | 1.9758 19.7689 | 5.16191e+3 2.92 14.78
4He Mn | 0.2061 0.6680 | 1.8364 16.4824 | 5.24919e+3 2.92 11.54
Ar Mn | 0.1275 | 14.2168 | 1.9572 17.9964 | 9.37995e+4 2.92 2.99
Kr Mn | 0.1164 | 24.5351 | 1.8377 21.0972 | 3.08095e+5 2.92 3.05
Xe Mn | 0.0978 | 32.8089 | 1.7796 23.9217 | 6.72160e+5 2.92 3.51
H Fe | 0.8696 0.0339 | 1.8635 67.2578 | 2.54382e+3 4.34 62.19
D Fe | 0.2743 0.0919 | 1.3489 40.8547 | 2.58856e+3 4.34 32.36
T Fe | 0.3131 0.1545 | 1.3250 28.9747 | 2.67374e+3 4.34 22.29
3He Fe | 0.2630 0.2780 | 1.5947 29.6538 | 5.42342e+3 4.34 22.29
4He Fe | 0.1836 0.3347 | 1.8574 24.2208 | 5.51371e+3 4.34 17.40
N Fe | 0.2590 2.7806 | 2.3278 16.6110 | 2.46747e+4 4.34 6.77
Ne Fe | 0.2608 4.4877 | 2.3857 18.7098 | 3.98491e+4 4.34 5.56
Ar Fe | 0.3517 7.5705 | 2.3822 22.5719 | 9.75914e+4 4.34 4.46
Fe Fe | 0.3409 | 11.0481 1.8048 13.7676 1.74096e+5 4.34 4.34
Kr Fe | 0.3296 | 13.8062 | 2.2461 27.8579 | 3.19107e+5 4.34 4.52
Xe Fe | 0.2492 | 19.8866 | 2.1631 32.2100 | 6.94435e+5 4.34 5.18
H Co | 0.4456 0.0396 | 1.7711 77.3535 | 2.66922e+3 4.43 66.85
D Co | 0.2832 0.1085 | 1.6859 42.1606 | 2.71375e+3 4.43 34.72
T Co | 0.3065 0.1689 | 1.4653 30.5090 | 2.75873e+3 4.43 23.88
3He Co | 0.1762 0.3000 | 1.4515 33.4129 | 5.67719e+3 4.43 23.88
4He Co | 0.1652 0.3649 | 1.8250 25.9871 | 5.76700e+3 4.43 18.61
Ne Co | 0.0828 5.1602 | 2.2943 20.8124 | 4.11463e+4 4.43 5.83
Ar Co | 0.2709 8.4019 | 2.3291 23.8571 9.98420e+4 4.43 4.60
Co Co | 0.3615 | 11.6517 | 2.3889 22.5211 1.90123e+5 4.43 4.43
Kr Co | 0.3021 14.5284 | 2.2207 28.5342 | 3.22806e+5 4.43 4.57
Xe Co | 0.2561 | 20.8948 | 2.1435 32.0848 | 6.98061e+5 4.43 5.18
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Table 4. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eyp) at normal incidence in (2). In addition, the threshold energy, Eyj, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A qa w | E¢n (eV) e | Es (eV) | Esn/vy
H Ni | 0.6039 0.0334 | 2.0121 72.9013 | 2.79866e+3 4.46 67.06
D Ni | 0.2649 0.0904 | 1.6534 42.0439 | 2.84552e+3 4.46 34.84
T Ni | 0.3185 0.1734 | 1.3881 30.7743 | 2.89285e+3 4.46 23.96
3He Ni | 0.1421 0.3183 | 1.3582 33.9111 5.94964e+3 4.46 23.96
4He Ni | 0.2024 0.3704 | 1.9128 25.3764 | 6.04409e+3 4.46 18.67
N Ni | 0.1941 2.9510 | 2.0380 18.4448 | 2.67793e+4 4.46 717
O Ni | 0.2107 3.4027 | 2.2297 18.3954 | 3.18555e+4 4.46 6.63
Ne Ni | 0.2478 4.5041 | 2.4046 18.7208 | 4.30554e+4 4.46 5.86
Ar Ni | 0.3068 7.9565 | 2.3102 23.3069 1.04416e+5 4.46 4.63
Ni Ni | 6.5700 | 11.8130 | 2.7875 11.7462 | 2.06960e+5 4.46 4.46
Kr Ni | 1.9541 13.5535 | 2.5909 18.1503 | 3.37355e+5 4.46 4.60
Xe Ni | 1.3490 | 20.8734 | 2.3649 21.2671 7.29221e+5 4.46 5.22
H Cu | 0.5015 0.0566 | 1.9914 61.7219 | 2.92563e+3 3.52 57.14
D Cu | 0.1989 0.1374 | 1.6642 35.5599 | 2.97095e+3 3.52 29.61
T Cu | 0.2904 0.2899 | 1.9648 24.2892 | 3.01673e+3 3.52 20.32
3He Cu | 0.0750 0.7126 | 1.0303 28.4759 | 6.20088e+3 3.52 20.32
4He Cu | 0.1639 0.6376 | 1.9937 21.5232 | 6.29218e+3 3.52 15.79
N Cu | 0.1595 3.4102 | 2.1567 15.6557 | 2.75601e+4 3.52 5.95
Ne Cu | 0.2009 5.0380 | 2.4014 15.5801 | 4.40689e+4 3.52 4.81
Ar Cu | 1.9417 | 14.8712 | 2.3907 12.9166 1.05525e+5 3.52 3.71
Cu Cu | 2.6044 | 14.5469 | 2.5577 10.7777 | 2.24619e+5 3.52 3.52
Kr Cu | 0.3072 | 16.6183 | 2.3257 21.3482 | 3.35590e+5 3.52 3.59
Xe Cu | 0.2781 | 24.4581 | 2.2393 23.6265 | 7.18907e+5 3.52 4.00
Ar Zn | 0.5168 | 35.7476 | 2.0349 7.6061 | 1.08696e+5 1.35 1.43
Zn Zn | 0.3077 | 30.3139 | 2.1318 6.5831 2.43109e+5 1.35 1.35
Kr Zn | 0.4951 | 34.1270 | 2.4413 6.9161 3.43442e+5 1.35 1.37
D Ga | 0.2292 0.1113 | 1.7674 29.5602 | 3.23166e+3 2.82 25.88
T Ga | 0.2369 0.1706 | 1.4510 21.3773 | 3.27716e+3 2.82 17.72
Ga Ga | 0.1105 | 16.5357 | 1.4877 16.8456 | 2.62439e+5 2.82 2.82
H Ge | 0.3938 0.0245 | 1.1582 88.3539 | 3.31932e+3 3.88 71.67
D Ge | 0.2327 0.0609 | 1.4101 44.6555 | 3.36441e+3 3.88 37.00
T Ge | 0.2998 0.0815 | 1.3007 30.8678 | 3.40997e+3 3.88 25.30
3He Ge | 0.3206 0.2127 | 1.3195 32.3887 | 6.99838e+3 3.88 25.30
4He Ge | 0.1446 0.2673 | 1.5062 26.2298 | 7.08909e+3 3.88 19.60
Ne Ge | 0.1485 3.5700 | 2.0064 14.1111 | 4.82268e+4 3.88 5.70
Ar Ge | 0.2357 6.2991 | 2.3935 15.5675 1.12992e+5 3.88 4.24
Ge Ge | 0.3535 | 11.8041 | 2.3480 17.2208 | 2.82619e+5 3.88 3.88
Kr Ge | 0.1769 | 12.8791 | 2.0150 23.9964 | 3.49421e+5 3.88 3.90
Xe Ge | 0.0838 | 18.2164 | 1.7290 28.5395 | 7.36368e+5 3.88 4.23
Ar Se | 0.1608 | 11.1577 | 2.2076 9.0783 1.18037e+5 2.14 2.40
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Table 5. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eop) at normal incidence in (2). In addition, the threshold energy, Eyy, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A q u | Etn (eV) e | Ew (eV) | Ean/v
H Zr | 0.4518 0.0103 | 1.0406 182.7468 | 4.42211e+3 6.33 | 146.11
D Zr | 0.6485 0.0306 | 1.9944 80.1168 | 4.47714e43 6.33 75.02
T Zr | 0.7209 0.0542 | 1.6586 54.9858 | 4.52564e+3 6.33 51.02
3He Zr | 0.5744 0.1184 | 0.7719 66.7939 | 9.25829e+3 6.33 51.02
4He Zr | 0.2633 0.1371 | 0.9538 53.1725 | 9.35457e+3 6.33 39.32
Ne Zr | 0.1101 2.5721 | 1.6851 23.4583 | 6.06862e+4 6.33 10.67
Ar Zr | 0.1601 5.0472 | 2.0223 24.0260 | 1.37106e+5 6.33 7.47
Kr Zr | 0.2163 9.2238 | 2.1484 33.5793 | 4.03685e+5 6.33 6.34
Zr Zr | 0.2699 | 10.8645 | 1.9248 29.9208 | 4.75691e+5 6.33 6.33
Xe Zr | 0.2943 | 12.8431 | 2.2275 37.8291 | 8.25496e+5 6.33 6.54
H Nb | 0.6259 0.0112 | 1.3327 | 210.8697 | 4.57351e+3 7.59 | 178.37
D Nb | 0.3858 0.0328 | 1.5253 | 106.8707 | 4.62220e+3 7.59 91.55
T Nb | 0.6475 0.0593 | 1.8826 68.8233 | 4.67139e43 7.59 62.23
3He Nb | 0.3872 0.1233 | 1.1568 79.8178 | 9.55327e+3 7.59 62.23
4He Nb | 0.2626 0.1418 | 1.3089 62.2687 | 9.65087e+3 7.59 47.95
Ne Nb | 0.1307 2.4654 | 1.8441 28.0914 | 6.23657e+4 7.59 12.94
Ar Nb | 0.1913 5.3954 | 2.3033 28.6038 | 1.40484e+5 7.59 9.02
Kr Nb | 0.1964 9.5591 | 1.9919 42.3615 | 4.11932e45 7.59 7.61
Nb Nb | 0.2284 | 10.4521 | 1.8885 37.3983 | 5.03904e+5 7.59 7.59
Xe Nb | 0.1998 | 13.4775 | 2.0015 49.0697 | 8.40173e+5 7.59 7.82
H Mo | 0.5124 0.0114 | 1.1469 201.4886 | 4.71832e+3 6.83 | 165.63
D Mo | 0.3241 0.0326 | 1.5410 97.7738 | 4.76698e+43 6.83 84.95
T Mo | 0.5078 0.0661 | 1.5955 67.1475 | 4.81614e43 6.83 57.71
3He Mo | 0.3541 0.1373 | 0.9926 75.3995 | 9.84614e43 6.83 57.71
4He Mo | 0.1537 0.1563 | 0.9989 59.3088 | 9.94365e+3 6.83 44.44
N Mo | 0.1157 1.7900 | 1.8032 28.2561 | 4.10879e+4 6.83 15.36
O Mo | 0.1762 2.1069 | 2.4821 23.9169 | 4.83320e+4 6.83 13.94
Ne Mo | 0.2205 2.8995 | 2.6514 23.6170 | 6.38956e+4 6.83 11.89
Ar Mo | 0.1339 6.3606 | 1.9562 28.2149 | 1.43274e45 6.83 8.23
Kr Mo | 0.1412 | 11.9419 | 1.6911 38.6337 | 4.17411e+5 6.83 6.86
Mo Mo | 0.3580 | 12.2715 | 2.1844 31.4737 | 5.33049e+5 6.83 6.83
Xe Mo | 0.2401 | 32.5719 | 1.6694 47.4030 | 8.47848e+5 6.83 7.00
H Ru | 0.3912 0.0129 | 1.6744 | 194.6779 | 5.01173e+3 6.69 | 170.73
D Ru | 0.2887 0.0428 | 1.9612 97.5326 | 5.06083e+43 6.69 87.48
T Ru | 0.3922 0.0882 | 1.7061 68.6863 | 5.11042e43 6.69 59.37
3He Ru | 0.1990 0.1998 | 1.7831 72.7607 | 1.04414e+4 6.69 59.37
4He Ru | 0.1617 0.2364 | 1.7290 57.4279 | 1.05397e+4 6.69 45.67
Ne Ru | 0.1389 3.1882 | 2.1092 26.1200 | 6.70985e+4 6.69 12.06
Ar Ru | 0.1872 6.8381 | 2.2039 27.4779 | 1.49334e45 6.69 8.24
Kr Ru | 0.2419 | 13.1833 | 2.3683 35.6820 | 4.30460e+5 6.69 6.75
Xe Ru | 0.1828 | 18.9085 | 2.0945 43.4787 | 6.68372e45 6.69 6.81




Table 6. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eop) at normal incidence in (2). In addition, the threshold energy, Eyj, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A q w | Egn (eV) e | Es (eV) | Eap/v

H Rh | 0.4883 0.0174 | 1.5635 | 173.8870 | 5.16041e+3 5.78 | 150.14

D Rh | 0.3593 0.0511 | 1.8715 85.5661 | 5.21007e+3 5.78 76.90

T Rh | 0.3510 0.1026 | 1.4508 61.9159 | 5.26022e+43 5.78 52.17

3He Rh | 0.1514 0.2049 | 1.5288 64.9824 | 1.07444e+4 5.78 52.17
4He Rh | 0.1038 0.2212 | 2.0736 49.0159 | 1.08438e+4 5.78 40.12

Ne Rh | 0.1310 3.7410 | 2.0601 23.2979 | 6.87945e+4 5.78 10.54

Ar Rh | 0.1519 7.8385 | 2.1666 24.8932 | 1.52692e+5 5.78 7.7

Kr Rh | 0.1467 | 15.4269 | 2.1139 33.6867 | 4.38429e+5 5.78 5.84

Xe Rh | 0.2480 | 21.6042 | 2.3157 34.9750 | 8.82222e+5 5.78 5.87

H Pd | 0.3805 0.0307 | 1.5679 119.3501 | 5.30935e+3 3.91 104.94

D Pd | 0.1879 0.0875 | 1.7784 61.2249 | 5.35878e+3 3.91 53.72

T Pd | 0.2011 0.1654 | 1.5686 42.9267 | 5.40870e+3 3.91 36.42

3He Pd | 0.1429 0.3249 | 1.7971 44.0328 | 1.10446e+4 3.91 36.42
4He Pd | 0.1312 0.3839 | 1.8906 34.3297 | 1.11435e+4 3.91 27.99

Ne Pd | 0.1449 5.3982 | 2.3415 15.9494 | 7.03218e+4 3.91 7.29

Ar Pd | 0.1147 | 11.4507 | 2.1538 18.1505 | 1.55391e+5 3.91 4.93

Kr Pd | 0.1636 | 20.9141 | 2.3051 22.0273 | 4.43321e+5 3.91 3.97

Pd Pd | 0.2531 | 26.4367 | 2.3402 19.4305 | 6.59103e+5 3.91 3.91

Xe Pd | 0.1879 | 30.3470 | 2.1409 23.6613 | 8.88306e+5 3.91 3.95

H Ag | 0.4315 0.0568 | 1.9568 88.4899 | 5.46029e+3 2.97 80.79

D Ag | 0.1118 0.1421 1.7562 48.1788 | 5.51044e+3 2.97 41.35

T Ag | 0.2015 0.2513 | 1.5178 33.7714 | 5.56109e+3 2.97 28.03

3He Ag | 0.1344 0.4479 | 1.6924 34.1484 | 1.13527e+4 2.97 28.03
4He Ag | 0.1136 0.5817 | 1.9719 26.4533 | 1.14531e+4 2.97 21.54

N Ag | 0.1020 3.5600 | 2.2635 13.0433 | 4.66664e+4 2.97 7.30

O Ag | 0.0839 4.5394 | 2.0010 13.4494 | 5.47544e+4 2.97 6.60
O(Mol) Ag | 0.1711 5.6305 | 2.5908 13.4489 | 5.47544e+4 2.97 6.60
Ne Ag | 0.0995 5.5124 | 2.7313 11.8829 | 7.20736e+4 2.97 5.59

Ar Ag | 0.1650 | 18.8203 | 1.9424 13.9098 | 1.58921e+5 2.97 3.76
Ar(KrC) Ag | 0.1178 | 13.6070 | 2.1743 13.5876 | 1.58921e+5 2.97 3.76
Ar(Mol) Ag | 0.2320 | 16.4201 | 2.4019 13.6547 | 1.58921e+5 2.97 3.76
Ar(Mola) Ag | 0.1673 | 12.4010 | 2.3562 12.0571 1.58921e+5 2.97 3.76
Ar(ZBL) Ag | 0.2100 | 13.9829 | 2.4962 14.0709 | 1.58921e+5 2.97 3.76
Kr Ag | 0.1801 | 30.5548 | 2.4713 16.2072 | 4.51993e+5 2.97 3.02

Ag Ag | 0.1687 | 36.6162 | 2.4091 15.2340 | 6.93021e+5 2.97 2.97

Xe Ag | 0.2236 | 35.8737 | 2.2844 17.5897 | 9.03858e+5 2.97 3.00

Ar Cd | 0.1235 | 25.3480 | 2.2793 5.4146 | 1.61276e+5 1.16 1.50

Kr Cd | 0.1779 | 46.8071 | 2.6365 6.1572 | 4.55218e+5 1.16 1.19

Cd Cd | 0.1861 | 66.4019 | 2.2778 5.7795 | 7.27916e+5 1.16 1.16

H In | 0.4760 0.0408 | 1.7747 77.6070 | 5.76339e+3 2.49 72.02

D In | 0.1803 0.1049 | 1.4528 42.4095 | 5.81315e+3 2.49 36.82

T In | 0.1745 0.1751 1.3489 29.0900 | 5.86340e+3 2.49 24.93

Ne In | 0.0348 5.9422 | 1.3768 12.1811 | 7.51927e+4 2.49 4.90

Kr In | 0.0996 | 23.4774 | 2.0666 13.4197 | 4.62260e+5 2.49 2.55

In In | 0.1224 | 30.7665 | 1.9472 13.0986 | 7.63793e+5 2.49 2.49
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Table 7. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eop) at normal incidence in (2). In addition, the threshold energy, Eyy, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A el u | Etn (eV) e | Ew (eV) | Ean/v
H Sn | 0.4702 0.0352 | 1.6669 104.1095 | 5.91631e+3 3.12 93.23
D Sn | 0.1829 0.0715 | 1.6497 53.8847 | 5.96574e+3 3.12 47.63
T Sn | 0.2917 0.1556 1.5871 36.4853 | 6.01566e+3 3.12 32.23
3He Sn | 0.1558 0.3227 | 1.5754 38.8436 | 1.22714e+4 3.12 32.23
4He Sn | 0.1102 0.3244 | 1.8523 29.6119 | 1.23702e+4 3.12 24.73
Ne Sn | 0.1152 4.5687 | 2.2682 11.5544 | 7.67367e+4 3.12 6.28
Ar Sn | 0.0746 9.2172 | 2.1869 11.9822 | 1.67157e+5 3.12 4.14
Kr Sn | 0.3289 | 17.5340 | 2.6550 13.6369 | 4.66941e+5 3.12 3.22
Sn Sn | 0.1494 | 27.3600 | 2.0140 15.7681 | 8.00660e+5 3.12 3.12
Xe Sn | 0.9767 | 25.3092 | 3.2145 14.2636 | 9.22556e+5 3.12 3.13
Kr Sb | 0.1171 | 22.1319 | 2.0888 13.5706 | 4.73059e-+5 2.72 2.82
Ar Te | 0.0993 | 12.8971 2.2723 7.4376 | 1.72282e+5 2.02 2.78
Cs Cs | 0.1310 | 59.8329 | 1.7733 4.4983 | 1.00007e+6 0.82 0.82
Kr Sm | 0.1279 | 25.7558 | 2.4453 9.2611 | 5.50683e+5 2.16 2.35
H Tb | 0.4151 0.0245 | 1.4450 | 180.8106 | 8.32995e+3 3.89 | 154.97
D Tb | 0.2514 0.0764 | 1.4668 92.1545 | 8.38203e+3 3.89 78.85
T Tb | 0.2675 0.1140 | 1.7383 58.8710 | 8.43464e+3 3.89 53.14
3He Tb | 0.1970 0.2290 | 1.5498 62.3825 | 1.71555e+4 3.89 53.14
4He Tb | 0.1613 0.3219 1.5186 48.4940 | 1.72593e+4 3.89 40.61
Ar Tb | 0.0825 | 10.8668 | 2.0502 14.1521 | 2.15976e+5 3.89 6.06
H Tm | 0.3646 0.0525 | 1.6677 | 119.3908 | 9.00672e+3 2.52 | 106.64
D Tm | 0.1931 0.1483 | 1.5930 61.7026 | 9.05971e+3 2.52 54.22
T Tm | 0.2005 0.2252 1.7487 39.5783 | 9.11324e+3 2.52 36.51
3He Tm | 0.1329 0.4083 1.5808 42.9760 | 1.85244e+4 2.52 36.51
4He Tm | 0.1182 0.5425 1.8624 32.4379 | 1.86300e+4 2.52 27.88
Ar Tm | 0.1010 | 18.0207 | 2.1079 9.4852 | 2.29744e+5 2.52 4.07
H Hf | 0.6050 0.0106 1.3803 320.9804 | 9.52208e+3 6.31 | 281.94
D Hf | 0.2980 0.0303 1.8401 157.1012 | 9.57512e+3 6.31 143.26
T Hf | 0.2352 0.0507 | 1.3451 112.2792 | 9.62870e+3 6.31 96.42
3He Hf | 0.2596 0.1083 | 1.1964 | 115.5387 | 1.95639e+4 6.31 96.42
4He Hf | 0.1695 0.1230 | 1.7304 84.5645 | 1.96695e+4 6.31 73.58
Ne Hf | 0.0698 3.0827 | 1.6671 28.7970 | 1.15397e+5 6.31 17.29
Ar Hf | 0.0841 7.2844 | 1.9088 23.6839 | 2.39690e+5 6.31 10.56
Kr Hf | 0.0969 | 15.8759 1.9090 27.1771 | 6.21788e+5 6.31 7.26
Xe Hf | 0.1218 | 22.7796 | 2.0536 32.7651 1.16579e+6 6.31 6.46
H Ta | 0.5966 0.0078 | 0.7141 | 483.1426 | 9.69565e+3 8.10 | 366.86
D Ta | 0.6251 0.0218 | 0.7705 | 225.5901 | 9.74893e+3 8.10 | 186.37
T Ta | 0.2642 0.0284 | 1.0425 147.2448 | 9.80275e+3 8.10 | 125.42
3He Ta | 0.5951 0.0885 | 2.0793 131.9549 | 1.99149e+4 8.10 | 125.42
4He Ta | 0.1193 0.0989 1.3173 116.3022 | 2.00210e+4 8.10 95.70
Ne Ta | 0.0675 2.7626 | 2.0170 36.3551 | 1.17263e+5 8.10 22.43
Ar Ta | 0.1468 6.2661 | 2.3669 28.6179 | 2.43215e+5 8.10 13.67
Kr Ta | 0.1074 | 14.2018 | 2.0456 34.5045 | 6.29462e+5 8.10 9.36
Xe Ta | 0.1175 | 20.2166 | 2.0128 42.5105 | 1.17814e+6 8.10 8.31
Ta Ta | 0.1583 | 26.6919 1.9785 41.4906 | 1,93615e+6 8.10 8.10
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Table 8. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eyp) at normal incidence in (2). In addition, the threshold energy, Eyj, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A el u | Etn (eV) e | Ew (eV) | Ean/v
H W | 1.0087 0.0075 | 1.2046 457.42 | 9.86986e+3 8.68 | 399.36
D W | 0.3583 0.0183 | 1.4410 228.84 | 9.92326e+3 8.68 | 202.85
T W | 0.2870 0.0419 1.5802 153.8842 | 9.97718e+3 8.68 | 136.48
3He W | 0.2424 0.0884 | 1.2439 164.3474 | 2.02666e+4 8.68 | 136.48
4He W | 0.1692 0.1151 1.7121 120.56 | 2.03728e+4 8.68 | 104.13
N W | 0.0921 1.4389 | 2.0225 45.3362 | 7.90505e+4 8.68 32.98
O W | 0.0777 1.8824 | 1.7536 44.2135 | 9.19794e+4 8.68 29.46
Ne W | 0.0828 2.5520 | 1.9534 38.6389 | 1.19107e+5 8.68 24.35
Ar W | 0.2113 5.9479 | 2.3857 27.0503 | 2.46646e+5 8.68 14.80
Kr W | 0.1747 | 13.6917 | 2.5161 34.7592 | 6.36677e+5 8.68 10.09
Xe W | 0.1385 | 20.5321 2.0952 44.8701 1.18932e+6 8.68 8.93
w W | 2.2697 | 18.6006 | 3.1273 24.9885 | 1.99860e+6 8.68 8.68
H Re | 0.6547 0.0089 | 1.5919 | 410.7532 | 1.00450e+4 8.09 | 376.92
D Re | 0.3445 0.0262 1.6638 214.3341 1.00987e+4 8.09 | 191.42
T Re | 0.2667 0.0460 | 1.7325 143.8798 | 1.01529e+4 8.09 | 128.78
3He Re | 0.2026 0.1092 1.5099 151.8603 | 2.06207e+4 8.09 | 128.78
4He Re | 0.1179 0.1189 | 1.6235 115.5715 | 2.07275e+4 8.09 98.24
Ne Re | 0.0871 3.0197 | 1.9011 37.8276 | 1.20995e+5 8.09 22.93
Ar Re | 0.0922 8.1299 | 2.0957 32.2292 | 2.50221e+5 8.09 13.91
Kr Re | 0.1159 | 16.1742 | 2.1166 35.8918 | 6.44513e+5 8.09 9.45
Xe Re | 0.1345 | 23.6228 | 2.1797 42.6697 | 1.20203e+6 8.09 8.34
H Os | 0.5133 0.0089 | 1.3016 | 458.5624 | 1.02204e+4 8.13 | 386.83
D Os | 0.2692 0.0267 | 1.3190 | 232.7884 | 1.02739e+4 8.13 | 196.42
T Os | 0.3100 0.0507 | 1.5438 148.1225 | 1.03279e+4 8.13 | 132.10
3He Os | 0.2226 0.1111 1.6367 152.6164 | 2.09735e+4 8.13 | 132.10
4He Os | 0.1207 0.1315 1.9064 115.7747 | 2.10799e+4 8.13 | 100.75
Ne Os | 0.0816 3.0236 | 2.1827 37.7170 | 1.22785e+5 8.13 23.44
Ar Os | 0.0985 7.4153 | 2.2543 32.1090 | 2.53422e+5 8.13 14.17
Kr Os | 0.1140 | 16.3882 | 2.1619 36.1888 | 6.50625e+5 8.13 9.57
Xe Os | 0.1751 | 23.5196 | 2.4600 40.4010 | 1.21043e+6 8.13 8.41
H Ir | 0.4857 0.0108 1.7106 367.3325 | 1.03972e+4 6.90 | 331.72
D Ir | 0.2445 0.0332 1.6722 188.7811 1.04510e+4 6.90 | 168.42
T Ir | 0.2550 0.0640 | 1.6312 127.4106 | 1.05053e+4 6.90 | 113.26
3He Ir | 0.1693 0.1387 | 1.4318 134.4943 | 2.13313e+4 6.90 | 113.26
4He Ir | 0.1057 0.1664 | 1.6693 102.6618 | 2.14384e+4 6.90 86.37
Ne Ir | 0.0847 3.5828 | 2.0777 32.7658 | 1.24708e+5 6.90 20.06
Ar Ir | 0.1070 8.8295 | 2.2049 27.7592 | 2.57103e+5 6.90 12.11
Kr Ir | 0.1117 | 19.1063 | 2.2947 31.0366 | 6.58875e+5 6.90 8.16
Xe Ir | 0.1933 | 27.1913 | 2.5754 34.0523 | 1.22412e+46 6.90 7.15
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Table 9. Fitting values A, g, for the energy dependence of the sputtering yield
Y (Eop) at normal incidence in (2). In addition, the threshold energy, Eyy, the reduced
energy, ¢, the surface binding energy, Eq,, and Eq, /vy are given

ion | target A el u | Etn (eV) e | Ew (eV) | Ean/v
H Pt | 0.4428 0.0136 | 1.4981 325.0317 | 1.05744e+4 5.86 | 285.91
D Pt | 0.2020 0.0395 | 1.5601 166.7835 | 1.06283e+4 5.86 | 145.14
T Pt | 0.2492 0.0756 1.4307 112.6259 | 1.06828e+4 5.86 97.59
3He Pt | 0.1998 0.1482 1.5445 113.4769 | 2.16890e+4 5.86 97.59
4He Pt | 0.1214 0.1802 1.8192 85.5658 | 2.17963e+4 5.86 74.41
O Pt | 0.0785 2.8246 | 2.0224 31.5095 | 9,78987e+4 5.86 20.91
Ne Pt | 0.0949 5.0805 | 2.1232 28.0853 | 1.26583e+5 5.86 17.24
Ar Pt | 0.1380 | 13.7922 | 2.2949 23.3808 | 2.60590e+5 5.86 10.38
Kr Pt | 0.1087 | 29.4816 1.9534 27.9365 | 6.66218e+5 5.86 6.97
Xe Pt | 0.0658 | 41.7055 1.5076 34.0986 | 1.23553e+6 5.86 6.09
Pt Pt | 0.2616 | 42.2193 | 2.4689 28.0416 | 2.25981e+6 5.86 5.86
H Au | 0.3117 0.0286 | 1.8415 | 206.4074 | 1.07527e+4 3.80 | 187.17
D Au | 0.2082 0.0843 | 1.2739 112.9565 | 1.08070e+4 3.80 95.00
T Au | 0.1680 0.1560 | 1.4421 74.8582 | 1.08618e+4 3.80 63.88
3He Au | 0.1346 0.3759 1.6028 75.1673 | 2.20499e+4 3.80 63.88
4He Au | 0.0928 0.3406 1.6773 57.2732 | 2.21579e+4 3.80 48.70
N Au | 0.0934 3.6067 | 2.0278 22.0847 | 8.55290e+4 3.80 15.32
O Au | 0.0634 4.0269 | 1.9029 21.3321 | 9,94281e+4 3.80 13.67
Ne Au | 0.0758 5.9707 | 1.8885 19.0757 | 2.18526e-+5 3.80 11.27
Ar Au | 0.0906 | 12.0104 | 2.3969 15.6192 | 2.64318e+5 3.80 6.78
Kr Au | 0.0940 | 30.2381 1.7709 18.7951 | 6.74618e+5 3.80 4.54
Xe Au | 0.1371 | 47.6103 | 2.5053 19.7602 | 1.24955e+6 3.80 3.96
Au Au | 0.1126 | 61.2607 | 1.7156 21.4123 | 2.32799e+6 3.80 3.80
Kr Hg | 0.0964 | 14.1592 | 2.1495 24.7454 | 6.81273e+5 6.36 7.65
Kr T1 | 0.0707 | 37.5934 | 2.3358 8.2027 | 6.87823e+5 1.88 2.28
He Pb | 0.0686 0.4081 1.6658 31.7654 | 2.32414e+4 2.03 27.31
Ne Pb | 0.0569 6.7337 | 2.1626 9.6887 | 1.34122e+5 2.03 6.27
Ar Pb | 0.0462 | 15.7003 1.9270 8.4298 | 2.74555e+5 2.03 3.74
Kr Pb | 0.0551 | 35.9566 | 2.0207 9.1375 | 6.95357e+5 2.03 2.48
Xe Pb | 0.0637 | 52.3584 | 2.0982 10.8209 | 1.28038e-+6 2.03 2.14
Pb Pb | 0.1461 | 81.3238 | 2.1946 10.3121 | 2.53951e+6 2.03 2.03
Ar Bi | 0.0289 | 14.2020 | 1.5639 9.4013 | 2.78342e+5 2.17 4.03
Kr Bi | 0.0578 | 30.2017 | 2.0562 9.1764 | 7.03904e+5 2.17 2.66
4He Th | 0.1680 0.1524 | 1.5450 | 103.5217 | 2.61980e+4 5.93 88.99
Ne Th | 0.0592 2.9258 | 1.6073 30.7814 | 1.49508e+5 5.93 20.14
Ar Th | 0.0543 7.3739 1.6067 23.7676 | 3.02995e+5 5.93 11.83
Kr Th | 0.0767 | 16.5776 1.8831 22.9040 | 7.54519e+5 5.93 7.61
Xe Th | 0.1059 | 24.2490 | 1.9981 26.4766 | 1.37124e+6 5.93 6.42
H U | 0.5069 0.0144 | 1.4948 | 365.5917 | 1.31300e+4 5.42 | 322.05
D U | 0.1807 0.0266 1.2763 189.3173 | 1.31849e+4 5.42 | 163.18
4He U | 0.0839 0.1136 1.6784 95.3598 | 2.69513e+4 5.42 83.37
Ne U | 0.0449 3.0029 1.8839 28.5107 | 1.53434e+5 5.42 18.81
Ar U | 0.0584 7.6218 | 2.1314 21.6010 | 3.10275e+5 5.42 11.01
Kr U | 0.0592 | 18.0929 | 2.0957 22.5283 | 7.69792e+5 5.42 7.04
Xe U | 0.0694 | 26.9596 | 2.2075 25.9587 | 1.39494e+6 5.42 5.91
Rn U | 0.1709 | 40.4320 | 2.3889 30.1936 | 2.96732e+6 5.42 5.43
U U | 0.1932 | 56.2825 | 2.0420 26.7960 | 3.32167e+6 5.42 5.42




Table 10. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Esp (eV) 05 fom
T Li 100 7.2592 2.6907 | 0.8685 4.20e-2 1.00 95.71 | 74.53
T Li 300 5.3765 1.5393 | 0.9380 4.52e-2 1.00 93.30 | 77.31
Li Li 100 | 10.9922 5.1816 | 0.7382 9.48e-2 1.67 97.36 | 68.79
Li Li 200 8.0198 3.3011 | 0.8089 1.50e-1 1.67 95.22 | 71.79
Li Li 1000 4.8470 1.4003 | 0.8167 2.07e-1 1.67 92.34 | 79.36
H Be 15 | 11.1512 | 10.4683 | 1.1501 2.39e-5 1.00 | 104.48 | 25.75
H Be 17 | 16.2828 | 13.6595 | 0.5330 1.80e-4 1.00 | 103.63 | 23.40
H Be 20 | 11.8530 9.7870 | 0.6069 8.03e-4 1.00 | 102.60 | 28.10
H Be 22 9.9611 8.0685 | 0.6398 1.45e-3 1.00 | 102.04 | 31.29
H Be 25 8.5822 6.5543 | 0.6820 2.57e-3 1.00 | 101.31 | 38.37
H Be 30 6.2386 4.3193 | 0.8005 4.68e-3 1.00 | 100.35 | 48.80
H Be 40 6.1156 3.5415 | 0.8961 8.46e-3 1.00 98.98 | 59.73
H Be 50 5.9126 3.0661 | 0.9447 1.15e-2 1.00 98.05 | 64.11
H Be 70 5.7275 2.5808 | 0.9899 1.54e-2 1.00 96.82 | 68.08
H Be 100 5.3523 2.1181 | 1.0194 1.85e-2 1.00 95.71 | 70.71
H Be 140 5.2036 1.8698 | 1.0226 1.98e-2 1.00 94.83 | 72.34
H Be 200 4.9195 1.5975 | 1.0221 2.02e-2 1.00 94.04 | 73.90
H Be 300 4.7651 1.4198 | 1.0017 1.93e-2 1.00 93.30 | 75.30
H Be 500 4.5468 1.2312 | 0.9622 1.69e-2 1.00 92.56 | 77.19
H Be 1000 4.3749 1.0536 | 0.8651 1.26e-2 1.00 91.81 | 81.10
D Be 11 | 15.1382 | 12.5716 | 0.5871 2.61le-5 1.00 | 106.78 | 27.74
D Be 12 | 12.2769 9.7520 | 0.4890 9.29e-5 1.00 | 106.10 | 28.24
D Be 13 | 11.8349 9.1246 | 0.5030 2.32e-4 1.00 | 105.50 | 32.16
D Be 14 | 11.1728 8.4156 | 0.5234 4.65e-4 1.00 | 104.96 | 35.47
D Be 15 | 10.3229 7.5816 | 0.5573 8.10e-4 1.00 | 104.48 | 39.31
D Be 17 9.3601 6.5239 | 0.6180 1.73e-3 1.00 | 103.63 | 45.94
D Be 20 8.6777 5.6452 | 0.7059 3.64e-3 1.00 | 102.60 | 52.97
D Be 25 8.5752 5.1717 | 0.7833 7.30e-3 1.00 | 101.31 | 58.26
D Be 30 8.6869 4.9678 | 0.8221 1.08e-2 1.00 | 100.35 | 60.94
D Be 40 8.3485 4.4220 | 0.8753 1.68e-2 1.00 98.98 | 63.92
D Be 50 8.4098 4.2438 | 0.8948 2.09e-2 1.00 98.05 | 65.35
D Be 70 7.8175 3.6199 | 0.9330 2.63e-2 1.00 96.82 | 67.56
D Be 100 7.1106 3.0041 | 0.9611 3.10e-2 1.00 95.71 | 69.49
D Be 140 6.6162 2.5702 | 0.9727 3.32e-2 1.00 94.83 | 71.06
D Be 200 5.8071 2.0229 | 0.9890 3.51e-2 1.00 94.04 | 72.90
D Be 300 5.3019 1.6773 | 0.9801 3.44e-2 1.00 93.30 | 74.52
D Be 500 4.7090 1.3205 | 0.9559 3.24e-2 1.00 92.56 | 76.70
D Be 1000 4.2992 1.0429 | 0.8839 2.53e-2 1.00 91.81 | 80.41
D Be 3000 3.2495 0.4832 | 0.9270 1.25e-2 1.00 91.05 | 84.71
T Be 10 | 11.3143 7.1581 | 0.5161 1.75e-5 1.00 | 107.55 | 54.13
T Be 11 | 10.9347 6.8942 | 0.5346 7.08e-5 1.00 | 106.78 | 54.50
T Be 12 | 11.3517 7.0538 | 0.5714 1.77e-4 1.00 | 106.10 | 56.20
T Be 13 | 11.3297 6.9311 | 0.5920 3.49e-4 1.00 | 105.50 | 57.54
T Be 15 | 11.8958 7.0949 | 0.6393 9.03e-4 1.00 | 104.48 | 59.55
T Be 17 | 12.0355 7.0598 | 0.6734 1.74e-3 1.00 | 103.73 | 60.62
T Be 20 | 12.3549 7.1299 | 0.7128 3.43e-3 1.00 | 102.60 | 61.29
T Be 25 | 12.2645 6.9111 | 0.7510 6.83e-3 1.00 | 101.31 | 62.12
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Table 11. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o, (deg.), of the maximum yield, (8), are given

ion | target | Eg (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 fom
T Be 30 | 11.9180 6.5619 | 0.7738 1.03e-2 1.00 | 100.35 | 62.87
T Be 50 | 10.7247 5.4280 | 0.8473 2.11e-2 1.00 98.05 | 65.39
T Be 100 8.7843 3.8375 | 0.9167 3.27e-2 1.00 95.71 | 68.86
T Be 200 6.8472 2.5074 | 0.9558 4.00e-2 1.00 94.04 | 72.19
T Be 300 6.0145 1.9963 | 0.9542 4.14e-2 1.00 93.30 | 73.94
T Be 500 5.1690 1.5181 | 0.9354 4.05e-2 1.00 92.56 | 76.25
T Be 1000 4.4884 1.1230 | 0.8709 3.38e-2 1.00 91.81 | 80.25
1He Be 11 | 13.3115 7.4762 | 0.6483 1.59e-5 0.00 90.00 | 55.05
4He Be 12 | 11.3837 5.9236 | 0.7450 4.18e-5 0.00 90.00 | 59.11
4He Be 13 | 11.0954 5.5450 | 0.8004 8.92e-5 0.00 90.00 | 60.71
“He Be 15 | 12.0126 6.1657 | 0.7756 3.08e-4 0.00 90.00 | 59.66
“He Be 17 | 11.0765 5.5593 | 0.8258 8.21e-4 0.00 90.00 | 60.43
“He Be 20 | 11.1672 5.7241 | 0.8209 2.27e-3 0.00 90.00 | 59.58
“He Be 25 | 10.8794 5.6025 | 0.8297 6.28e-3 0.00 90.00 | 59.36
4He Be 30 | 10.6545 5.4832 | 0.8281 1.16e-2 0.00 90.00 | 59.39
4He Be 40 9.8918 4.9831 | 0.8487 2.35e-2 0.00 90.00 | 60.20
4He Be 50 9.3707 4.6041 | 0.8623 3.42e-2 0.00 90.00 | 61.11
“He Be 70 8.5526 3.9849 | 0.8863 5.03e-2 0.00 90.00 | 62.89
“He Be 100 7.7207 3.3762 | 0.9077 6.76e-2 0.00 90.00 | 64.80
“He Be 140 6.8183 2.7618 | 0.9309 8.31e-2 0.00 90.00 | 66.81
‘He Be 200 6.1209 2.2840 | 0.9469 9.60e-2 0.00 90.00 | 68.75
4He Be 300 5.4354 1.8381 | 0.9580 1.06e-1 0.00 90.00 | 70.86
4He Be 400 5.1109 1.6232 | 0.9604 1.09e-1 0.00 90.00 | 72.14
4He Be 500 4.7756 1.4360 | 0.9609 1.10e-1 0.00 90.00 | 73.20
“He Be 700 4.6688 1.3495 | 0.9432 1.09e-1 0.00 90.00 | 74.29
“He Be 1000 4.5214 1.2552 | 0.9168 1.04e-1 0.00 90.00 | 75.61
“He Be 2000 3.9996 0.9553 | 0.8655 8.70e-2 0.00 90.00 | 79.63
4He Be 3000 2.9548 0.4527 | 0.9860 6.80e-2 0.00 90.00 | 81.59
4He Be 5000 2.3689 0.2360 | 1.0133 5.93e-2 0.00 90.00 | 83.86
4He Be 10000 2.3184 0.2110 | 0.9873 4.08e-2 0.00 90.00 | 85.21
Be Be 12 | 35.8412 | 18.6635 | 0.4936 1.26e-5 3.38 | 117.96 | 78.65
Be Be 13 | 36.3925 | 19.1900 | 0.5105 2.14e-5 3.38 | 117.02 | 76.76
Be Be 15 | 36.6304 | 19.6402 | 0.5253 5.23e-5 3.38 | 115.39 | 74.15
Be Be 17 | 35.6814 | 19.3245 | 0.5289 1.15e-4 3.38 | 114.03 | 72.38
Be Be 20 | 33.7964 | 18.4992 | 0.5227 3.05e-4 3.38 | 112.35 | 70.38
Be Be 25 | 30.3372 | 16.8120 | 0.5223 1.09e-3 3.38 | 110.19 | 67.94
Be Be 30 | 27.7102 | 15.5065 | 0.5251 2.68e-3 3.38 | 108.55 | 66.10
Be Be 40 | 24.3009 | 13.7865 | 0.5368 8.41e-3 3.38 | 106.21 | 63.58
Be Be 50 | 22.2057 | 12.6890 | 0.5547 1.68e-2 3.38 | 104.57 | 62.14
Be Be 70 | 19.4611 | 11.1466 | 0.5914 3.77e-2 3.38 | 102.39 | 60.93
Be Be 100 | 16.6662 9.3775 | 0.6469 7.00e-2 3.38 | 100.42 | 61.30
Be Be 200 | 12.0795 6.2040 | 0.7708 1.43e-1 3.38 97.41 | 64.55
Be Be 300 9.7816 4.6056 | 0.8401 1.86e-1 3.38 96.06 | 67.06
Be Be 500 7.6374 3.1692 | 0.8981 2.33e-1 3.38 94.70 | 69.96
Be Be 700 6.6434 2.5351 | 0.9168 2.57e-1 3.38 93.97 | 71.61
Be Be 1000 5.7378 1.9957 | 0.9261 2.74e-1 3.38 93.33 | 73.36
Be Be 3000 4.1459 1.0784 | 0.8930 2.63e-1 3.38 91.92 | 79.02
Be Be 5000 3.7580 0.8504 | 0.8638 2.27e-1 3.38 91.49 | 81.91
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Table 12. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o, (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Esp (eV) 05 fom

N Be 20 | 48.9385 | 26.5720 | 0.5034 1.30e-5 1.00 | 102.60 | 64.91

N Be 25 | 40.8964 | 22.5484 | 0.5362 1.32e-4 1.00 | 101.31 | 62.92

N Be 27 | 39.8702 | 22.1580 | 0.5309 2.23e-4 1.00 | 100.89 | 62.01

N Be 30 | 37.4299 | 20.9914 | 0.5363 4.97e-4 1.00 | 100.35 | 60.99

N Be 40 | 32.2237 | 18.4203 | 0.5534 2.72e-3 1.00 98.98 | 58.78

N Be 50 | 27.1013 | 15.5100 | 0.5983 7.94e-3 1.00 98.05 | 58.46

N Be 70 | 23.2661 | 13.3500 | 0.6312 2.53e-2 1.00 96.82 | 56.99

N Be 100 | 18.5794 | 10.4007 | 0.6958 6.02e-2 1.00 95.71 | 58.90

N Be 140 | 14.9483 8.0322 | 0.7602 1.08e-1 1.00 94.83 | 60.25

N Be 200 | 11.8204 5.9812 | 0.8224 1.72e-1 1.00 94.04 | 62.81

N Be 500 7.1837 2.9571 | 0.9262 3.38e-1 1.00 92.56 | 68.30

N Be 1000 5.3902 1.8661 | 0.9559 4.48e-1 1.00 91.81 | 71.80
Ne Be 22 | 37.8307 | 19.0105 | 0.6044 1.54e-5 0.00 90.00 | 61.56
Ne Be 25 | 35.8007 | 18.1513 | 0.6087 4.73e-5 0.00 90.00 | 61.02
Ne Be 30 | 32.6599 | 16.7384 | 0.6188 1.99e-4 0.00 90.00 | 60.35
Ne Be 35 | 30.1281 | 15.5617 | 0.6274 5.66e-4 0.00 90.00 | 59.88
Ne Be 40 | 27.8302 | 14.4241 | 0.6390 1.28e-3 0.00 90.00 | 59.64
Ne Be 45 | 25.8448 | 13.4144 | 0.6510 2.44e-3 0.00 90.00 | 59.52
Ne Be 50 | 24.3632 | 12.6735 | 0.6597 4.08e-3 0.00 90.00 | 59.37
Ne Be 60 | 21.5727 | 11.1858 | 0.6815 9.11e-3 0.00 90.00 | 59.47
Ne Be 70 | 19.3093 9.9345 | 0.7037 1.63e-2 0.00 90.00 | 59.79
Ne Be 100 | 15.1087 7.5705 | 0.7520 4.51e-2 0.00 90.00 | 60.82
Ne Be 150 | 12.1657 5.8694 | 0.7943 9.80e-2 0.00 90.00 | 62.20
Ne Be 200 | 10.3791 4.8187 | 0.8263 1.50e-1 0.00 90.00 | 63.45
Ne Be 300 8.4375 3.6736 | 0.8644 2.40e-1 0.00 90.00 | 65.34
Ne Be 500 6.6629 2.6321 | 0.9027 3.72e-1 0.00 90.00 | 67.84
Ne Be 700 5.8331 2.1425 | 0.9218 4.58e-1 0.00 90.00 | 69.49
Ne Be 1000 5.1859 1.7686 | 0.9333 5.44e-1 0.00 90.00 | 71.07
Ar Be 30 | 35.7128 | 17.2562 | 0.6278 1.18e-5 0.00 90.00 | 63.48
Ar Be 35 | 32.4561 | 15.7178 | 0.6419 5.22e-5 0.00 90.00 | 63.23
Ar Be 40 | 30.6583 | 14.9605 | 0.6464 1.48e-4 0.00 90.00 | 62.79
Ar Be 45 | 28.8311 | 14.1259 | 0.6530 3.43e-4 0.00 90.00 | 62.53
Ar Be 50 | 27.0273 | 13.2560 | 0.6634 6.98e-4 0.00 90.00 | 62.39
Ar Be 60 | 24.1964 | 11.8526 | 0.6801 2.02e-3 0.00 90.00 | 62.32
Ar Be 70 | 21.9850 | 10.7572 | 0.6948 4.36e-3 0.00 90.00 | 62.27
Ar Be 100 | 17.3823 8.3702 | 0.7353 1.83e-2 0.00 90.00 | 62.69
Ar Be 150 | 13.3017 6.1743 | 0.7841 5.72e-2 0.00 90.00 | 63.81
Ar Be 200 | 11.1755 4.9841 | 0.8183 1.01le-1 0.00 90.00 | 64.98
Ar Be 300 9.0871 3.8726 | 0.8510 1.91e-1 0.00 90.00 | 66.18
Ar Be 500 7.1160 2.7974 | 0.8891 3.49e-1 0.00 90.00 | 68.15
Ar Be 700 6.1626 2.2693 | 0.9109 4.71le-1 0.00 90.00 | 69.59
Ar Be 1000 5.3790 1.8371 | 0.9295 6.07e-1 0.00 90.00 | 71.10
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Table 13. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o, (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Esp (eV) 05 fom
30 9.8225 6.6573 | 0.7286 1.17e-3 1.00 | 100.35 | 49.15

50 7.3199 3.8871 | 0.9134 6.66e-3 1.00 98.05 | 63.17

100 6.5102 2.7189 | 0.9959 1.46e-2 1.00 95.71 | 69.50

400 5.0009 1.4855 | 0.9885 2.05e-2 1.00 92.86 | 75.34

500 5.0131 1.4255 | 0.9687 1.87e-2 1.00 92.56 | 76.18

8000 2.9214 0.3459 | 0.9361 5.43e-3 1.00 90.64 | 85.95

1000 7.1514 2.8161 | 0.8867 2.12e-1 5.73 94.33 | 71.41

2000 5.4626 1.8079 | 0.9049 2.50e-1 5.73 93.06 | 74.71

40 | 19.9809 | 13.5817 | 0.8381 9.00e-6 1.00 98.98 | 49.97

50 | 12.0758 8.1489 | 0.7350 1.75e-4
70 5.4383 3.1284 | 0.9195 1.23e-3
100 3.9021 1.5976 | 1.0451 2.92e-3
140 4.0027 1.3367 | 1.0590 4.42e-3
200 3.8151 1.0804 | 1.0649 5.84e-3
300 3.8086 0.9751 | 1.0455 7.05e-3
500 4.1077 1.0059 | 0.9884 6.76e-3
1000 4.4299 1.0578 | 0.8756 5.68e-3
2000 4.1024 0.8166 | 0.9397 4.44e-3
30 | 18.7533 | 13.3928 | 0.6303 8.58e-5
40 | 10.5178 6.5616 | 0.7465 7.35e-4
50 7.5874 4.1326 | 0.8655 1.96e-3
70 6.1109 2.7764 | 0.9695 4.79e-3
100 5.4981 2.1396 | 1.0110 8.18e-3
140 5.1852 1.8064 | 1.0205 1.10e-2
200 5.1235 1.6777 | 1.0074 1.32e-2
300 4.9019 1.4719 | 0.9931 1.47e-2
350 4.9419 1.4793 | 0.9963 1.62e-2
1
1

.00 98.05 | 48.45
.00 96.82 | 58.82
.00 95.71 | 69.59
.00 94.83 | 73.42
.00 94.04 | 75.69
.00 93.30 | 77.01
.00 92.56 | 78.24
.00 91.81 | 80.93
.00 91.28 | 81.26
.00 | 102.60 | 43.62
.00 98.98 | 54.48
.00 98.05 | 62.05
.00 96.82 | 67.95
.00 95.71 | 71.23
.00 94.83 | 73.06
.00 94.04 | 73.95
.00 93.30 | 75.31
.00 93.06 | 75.12
.00 92.56 | 76.64
.00 91.81 | 80.25
.00 91.28 | 83.72
.00 | 101.31 | 47.74
.00 | 100.35 | 55.39
.00 99.59 | 60.04
.00 98.98 | 63.13
.00 98.05 | 66.04
.00 96.82 | 69.07
.00 95.71 | 70.90
.00 94.83 | 72.35

500 4.9952 1.4436 | 0.9320 44e-2
1000 4.4895 1.1320 | 0.8660 .30e-2
2000 4.5151 1.0312 | 0.8022 1.02e-1

25 | 19.6619 | 13.0973 | 0.5723 4.70e-5
30 | 14.1788 8.6868 | 0.6507 2.44e-4
35 | 12.8594 7.3628 | 0.7278 6.90e-4
40 | 10.8275 5.8369 | 0.7969 1.23e-3
50 9.4042 4.6780 | 0.8682 2.76e-3
70 7.8716 3.4803 | 0.9388 6.05e-3
100 7.3284 2.9473 | 0.9618 9.44e-3
140 6.5713 2.4171 | 0.9798 1.28e-2

44-H+H-4+H4+44+4+-1+H4HUOC000C0000C00U0JIEZI NS I NN wWO0I00U0
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200 6.2607 2.1538 | 0.9746 1.54e-2 .00 94.04 | 73.39
300 5.9195 1.9209 | 0.9502 1.75e-2 .00 93.30 | 74.51
500 5.4224 1.6330 | 0.9126 1.87e-2 .00 92.56 | 76.23
1000 5.0328 1.3613 | 0.8358 1.68e-2 .00 91.81 | 79.77




Table 14. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eg (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 fom
4He C 25 | 14.6404 8.8559 | 0.6282 4.20e-5 0.00 90.00 | 50.27
“He C 27 | 12.0307 6.8705 | 0.7074 1.00e-4 0.00 90.00 | 54.32
“He C 30 | 13.1803 7.2609 | 0.7109 2.40e-4 0.00 90.00 | 56.28
4He C 35 | 10.6979 5.5485 | 0.7917 7.20e-4 0.00 90.00 | 59.15
4He C 40 9.2954 4.4707 | 0.8724 1.50e-3 0.00 90.00 | 61.85
4He C 50 8.8544 4.1314 | 0.8858 3.83e-3 0.00 90.00 | 62.85
“He C 60 8.2705 3.7475 | 0.8993 6.84e-3 0.00 90.00 | 63.74
“He C 70 7.7165 3.3800 | 0.9141 1.01e-2 0.00 90.00 | 64.69
“He C 100 7.0586 2.8816 | 0.9323 1.83e-2 0.00 90.00 | 66.58
‘He C 140 6.5107 2.4872 | 0.9451 2.63e-2 0.00 90.00 | 68.19
4He C 200 6.0474 2.1599 | 0.9522 3.45e-2 0.00 90.00 | 69.73
“He C 300 5.5877 1.8616 | 0.9536 4.28e-2 0.00 90.00 | 71.26
4He C 400 5.2835 1.6741 | 0.9516 4.75e-2 0.00 90.00 | 72.34
“He C 500 5.0843 1.5587 | 0.9464 5.05e-2 0.00 90.00 | 73.10
“He C 700 5.0583 1.5204 | 0.9217 5.17e-2 0.00 90.00 | 73.97
“He C 1000 4.6895 1.3191 | 0.9059 5.19e-2 0.00 90.00 | 75.61
4He C 2000 4.5101 1.1834 | 0.8292 4.69e-2 0.00 90.00 | 79.01
4He C 3000 4.0905 0.9440 | 0.8126 4.24e-2 0.00 90.00 | 81.98
4He C 5000 3.7153 0.7059 | 0.7928 3.40e-2 0.00 90.00 | 85.98
“He C 10000 2.6820 0.2986 | 0.9802 2.43e-2 0.00 90.00 | 91.35
“He C 20000 2.0022 0.1082 | 1.0128 1.66e-2 0.00 90.00 | 86.45
(@] C 30 | 42.3520 | 22.5877 | 0.5107 1.83e-5 7.41 | 116.43 | 75.33
C C 40 | 37.6060 | 20.3491 | 0.5157 1.35e-4 7.41 | 113.29 | 71.99
(@] C 50 | 32.0236 | 17.1592 | 0.5118 5.21e-4 7.41 | 111.06 | 71.44
(@] C 70 | 26.5068 | 14.2187 | 0.5267 2.57e-3 7.41 | 108.02 | 69.37
(@] C 100 | 22.0310 | 11.8066 | 0.5552 8.84e-3 7.41 | 105.23 | 67.62
(@] C 140 | 18.7261 9.9820 | 0.5946 2.13e-2 7.41 | 102.96 | 66.50
(@] C 200 | 15.8273 8.2671 | 0.6395 4.14e-2 7.41 | 100.90 | 66.38
(@] C 300 | 13.1991 6.6409 | 0.6938 7.16e-2 7.41 98.93 | 66.97
C C 500 | 10.5675 4.9405 | 0.7630 1.16e-1 7.41 96.94 | 68.62
C C 1000 7.7788 3.1823 | 0.8291 1.78e-1 7.41 94.92 | 71.47
(@] C 300 | 13.0293 6.6396 | 0.7021 8.05e-2 7.40 98.93 | 66.24
C C 1000 8.0328 3.4041 | 0.7226 1.79e-1 7.40 94.92 | 71.84
C C 3000 4.9485 1.5045 | 0.7311 2.49e-1 7.40 92.85 | 81.25
N C 40 | 46.4143 | 25.1992 | 0.5238 1.81e-5 1.00 98.98 | 62.64
N C 50 | 41.1533 | 22.6413 | 0.5434 1.23e-4 1.00 98.05 | 61.08
N C 70 | 33.5042 | 18.5624 | 0.5864 1.11e-3 1.00 96.82 | 59.92
N C 100 | 26.2400 | 14.2958 | 0.6513 5.53e-3 1.00 95.71 | 60.43
N C 140 | 20.3476 | 10.7156 | 0.7195 1.63e-2 1.00 94.83 | 61.73
N C 200 | 15.5449 7.7646 | 0.7867 3.68e-2 1.00 94.04 | 63.53
N C 300 | 11.9070 5.5403 | 0.8432 6.94e-2 1.00 93.30 | 65.56
N C 500 8.9090 3.7472 | 0.8908 1.21e-1 1.00 92.56 | 68.04
N C 1000 6.7186 2.4884 | 0.9106 1.96e-1 1.00 91.81 | 70.84
N C 15000 3.1017 0.5614 | 0.9345 2.64e-1 1.00 90.47 | 81.85
N C 30000 2.4599 0.3007 | 0.9258 2.15e-1 1.00 90.33 | 85.79




Table 15. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eg (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 fom
Ne C 45 | 42,4911 | 21.3692 | 0.6065 1.07e-5 0.00 90.00 | 61.50
Ne C 50 | 39.2571 | 19.9517 | 0.6096 3.41e-5 0.00 90.00 | 60.88
Ne C 60 | 34.9544 | 17.7437 | 0.6312 1.48e-4 0.00 90.00 | 60.82
Ne C 70 | 30.5197 | 15.4178 | 0.6536 4.59e-4 0.00 90.00 | 60.95
Ne C 100 | 23.0552 | 11.4059 | 0.7070 3.25e-3 0.00 90.00 | 61.66
Ne C 140 | 17.8207 8.5421 | 0.7551 1.18e-2 0.00 90.00 | 62.74
Ne C 200 | 13.9445 6.4094 | 0.7992 3.03e-2 0.00 90.00 | 64.05
Ne C 300 | 10.9291 4.7545 | 0.8387 6.50e-2 0.00 90.00 | 65.64
Ne C 500 8.4196 3.3744 | 0.8761 1.26e-1 0.00 90.00 | 67.77
Ne C 1000 6.3131 2.2510 | 0.9033 2.32e-1 0.00 90.00 | 70.51
Ne C 2000 5.1757 1.6622 | 0.9003 3.36e-1 0.00 90.00 | 73.01
Ne C 5000 4.3556 1.2290 | 0.8572 4.16e-1 0.00 90.00 | 76.75
Ne C 10000 3.6410 0.8456 | 0.8528 4.21e-1 0.00 90.00 | 80.50
Ne C 20000 2.8697 0.4814 | 0.8953 3.81e-1 0.00 90.00 | 83.58
Ar C 70 | 33.8798 | 16.4564 | 0.6471 6.64e-5 0.00 90.00 | 63.02
Ar C 100 | 26.2324 | 12.6103 | 0.6901 8.27e-4 0.00 90.00 | 63.14
Ar C 140 | 20.3486 9.5425 | 0.7354 4.62e-3 0.00 90.00 | 63.83
Ar C 200 | 15.8749 7.1967 | 0.7784 1.66e-2 0.00 90.00 | 64.78
Ar C 300 | 12.3051 5.3108 | 0.8200 4.54e-2 0.00 90.00 | 66.11
Ar C 500 9.2928 3.7250 | 0.8616 1.09e-1 0.00 90.00 | 67.95
Ar C 1000 6.6196 2.3464 | 0.9035 2.47e-1 0.00 90.00 | 70.65
Ar C 30000 2.4175 0.3179 | 0.9919 8.57e-1 0.00 90.00 | 82.69
Xe C 150 | 30.7260 | 13.6835 | 0.6070 4.50e-5 0.00 90.00 | 67.97
Xe C 170 | 29.2745 | 12.9894 | 0.6384 1.24e-4 0.00 90.00 | 67.57
Xe C 200 | 25.3437 | 11.1859 | 0.6259 4.15e-4 0.00 90.00 | 68.05
Xe C 250 | 22.4002 9.7749 | 0.6740 1.70e-3 0.00 90.00 | 67.72
Xe C 300 | 19.5075 8.3043 | 0.7070 4.24e-3 0.00 90.00 | 68.20
Xe C 500 | 13.2878 5.3847 | 0.7239 2.76e-2 0.00 90.00 | 69.80
Xe C 1000 8.5390 3.0860 | 0.7752 1.27e-1 0.00 90.00 | 72.57
Xe C 3000 5.1292 1.4472 | 0.7645 4.66e-1 0.00 90.00 | 79.52
Xe C 10000 3.8051 0.8756 | 0.9244 1.02e-0 0.00 90.00 | 78.55
Xe C 30000 2.4297 0.3057 | 1.0023 1.46e-0 0.00 90.00 | 82.70
Xe C 100000 1.9300 0.1564 | 1.0042 1.69e-0 0.00 90.00 | 85.21
Ar Al 100 | 14.7601 8.5471 | 0.6703 1.17e-1 0.00 90.00 | 53.34
Ar Al 500 6.7055 3.4612 | 0.8024 9.10e-1 0.00 90.00 | 59.33
Ar Al 1000 5.4733 2.5849 | 0.8298 1.37e-0 0.00 90.00 | 62.79
Ar Al 1050 4.4893 1.7504 | 0.8913 1.17e-0 0.00 90.00 | 68.35
Ar Al 10000 3.3890 1.0004 | 0.8667 2.39e-0 0.00 90.00 | 75.57
D Si 30 | 44.6047 | 26.3734 | 0.3164 1.52e-4 1.00 | 100.35 | 52.21
D Si 50 | 25.2643 | 14.1721 | 0.5693 3.09e-3 1.00 98.05 | 59.73
D Si 100 | 12.7099 6.0832 | 0.6848 1.15e-2 1.00 95.71 | 67.42
D Si 500 6.3060 2.0569 | 0.8725 2.48e-2 1.00 92.56 | 75.30
D Si 1000 4.6790 1.2020 | 0.8521 2.36e-2 1.00 91.81 | 80.31
4He Si 200 3.3626 1.1091 | 0.9879 7.68e-2 0.00 90.00 | 70.92
“He Si 2000 2.3967 0.4284 | 0.9844 1.08e-1 0.00 90.00 | 80.12
4He Si 3000 2.5727 0.4683 | 0.9532 9.56e-2 0.00 90.00 | 80.80
Ar Si 4500 3.1385 0.8328 | 0.9440 1.28e-0 0.00 90.00 | 75.79




Table 16. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion target | Eg (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 Oom
Si | Si(KrC) 200 | 11.0479 | 6.1405 | 0.6299 2.13e-1 4.70 | 98.72 | 61.01
Si Si(Mol) 200 | 10.5874 | 6.1453 | 0.6210 2.86e-1 4.70 | 98.72 | 58.02
Si | Si(ZBL) 200 | 11.0834 | 5.9494 | 0.6393 1.73e-1 4.70 | 98.72 | 63.26
Si Si(SiSi) 200 7.9001 | 3.8139 | 0.6017 1.70e-1 4.70 | 98.72 | 65.35
Si Si 500 7.4656 | 3.6011 | 0.8032 4.40e-1 4.70 | 95.54 | 65.97
Si Si 2000 4.7498 | 1.8181 | 0.8645 8.96e-1 4.70 | 92.78 | 71.39
He Ti 100000 1.9229 | 0.1065 | 0.9665 1.63e-2 0.00 | 90.00 | 88.09
Ne Ti 38 7.8592 | 4.0707 | 0.8577 1.12e-2 0.00 | 90.00 | 59.06
Ne Ti 380 4.1989 | 1.9114 | 0.9136 5.33e-1 0.00 | 90.00 | 63.48
Ne Ti 3800 3.3212 | 1.1093 | 0.8712 1.08e-0 0.00 | 90.00 | 72.68
Ar Ti 1050 3.9753 | 1.6427 | 0.8942 1.12e-0 0.00 | 90.00 | 66.65
Ar Ti 150000 1.7921 | 0.1849 | 0.9639 1.24e-0 0.00 | 90.00 | 85.29
Ar Ti 900000 1.4988 | 0.0650 | 0.9866 6.30e-1 0.00 | 90.00 | 88.02

100 4.3828 | 3.2190 | 0.8990 1.01e-4 1.00 | 95.71 | 43.98
120 3.3311 | 2.2723 | 0.9700 4.49e-4 00 | 95.22 | 49.41
140 2.8610 | 1.8516 | 0.9921 1.03e-3 00 | 94.83 | 52.28
200 2.1946 | 1.0807 | 1.0293 3.09e-3 00 | 94.04 | 63.12
400 2.0664 | 0.5226 | 1.0687 7.87e-3 00 | 92.86 | 76.39
1000 2.3097 | 0.3954 | 1.0493 1.04e-2 00 | 91.81 | 80.48
3000 2.3607 | 0.2866 | 1.0250 8.30e-3 00 | 91.05 | 83.24
10000 2.6833 | 0.3268 | 0.9415 4.88e-3 00 | 90.57 | 85.48

55 5.1320 | 4.2287 | 0.8769 2.54e-4 00 | 97.68 | 34.89

60 4.7591 | 3.8345 | 0.8881 5.51e-4 00 | 97.36 | 37.10

70 4.0378 | 3.1247 | 0.9217 1.47e-3 00 | 96.82 | 40.94
100 2.8895 | 1.8739 | 0.9819 5.49e-3 00 | 95.71 | 52.57
200 1.9899 | 0.6708 | 1.0998 1.70e-2 00 | 94.04 | 72.10
500 2.4386 | 0.5933 | 1.0536 2.68e-2 00 | 92.56 | 76.97
1000 2.3231 | 0.4408 | 1.0423 2.85e-2 00 | 91.81 | 79.60
3000 2.3990 | 0.3768 | 0.9870 2.31e-2 00 | 91.05 | 82.28
10000 2.3706 | 0.2715 | 0.9614 1.24e-2 00 | 90.57 | 85.23

40 6.3376 | 5.3953 | 0.8382 3.49e-4 00 | 98.98 | 31.03
50 4.7448 | 3.8690 | 0.8969 1.79e-3 00 | 98.05 | 36.46
70 3.5720 | 2.5052 | 0.9398 6.60e-3 00 | 96.82 | 48.19
100 2.4950 | 1.3038 | 1.0454 1.43e-2 00 | 95.71 | 62.15
300 2.7891 | 0.8677 | 1.0445 3.78e-2 00 | 93.30 | 73.79
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1000 2.3834 | 0.4768 | 1.0372 4.53e-2 1.00 | 91.81 | 79.14

3000 2.3246 | 0.3700 | 0.9891 3.7le-2 1.00 | 91.05 | 82.10

10000 2.2078 | 0.2396 | 0.9737 2.03e-2 1.00 | 90.57 | 85.17

‘He 35 1.7453 | 2.6763 | 0.9355 5.04e-4 0.00 | 90.00 0.00
“He 40 2.1705 | 2.6154 | 0.9342 1.63e-3 0.00 | 90.00 0.00
“He 50 2.5628 | 2.4407 | 0.9078 5.65e-3 0.00 | 90.00 | 15.76
“He 70 1.9394 | 1.4203 | 0.9787 1.68e-2 0.00 | 90.00 | 42.65
“He 100 2.2659 | 1.2170 | 1.0013 3.35e-2 0.00 | 90.00 | 57.51
“He 300 2.6903 | 0.9304 | 1.0086 8.98e-2 0.00 | 90.00 | 69.65
“He 1000 2.2475 | 0.5217 | 1.0161 1.24e-1 0.00 | 90.00 | 76.23
“He 3000 2.1180 | 0.3668 | 1.0015 1.17e-1 0.00 | 90.00 | 79.99
“He 10000 1.9835 | 0.2272 | 0.9958 7.55e-2 0.00 | 90.00 | 83.55
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Table 17. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o, (deg.), of the maximum yield, (8), are given

ion target | Eg (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 fom
H Fe 4000 2.2066 0.2560 | 1.0265 1.22e-2 1.00 90.49 | 82.98
H Fe 8000 2.3317 0.2544 | 0.9961 8.87e-3 1.00 90.64 | 84.46
H Ni 150 3.2117 2.2893 | 0.9835 2.00e-3 1.00 94.67 | 46.65
H Ni 200 2.7207 1.6060 | 1.0171 4.30e-3 1.00 94.04 | 56.30
H Ni 400 2.1098 0.6960 | 0.9564 1.16e-2 1.00 92.86 | 73.69
H Ni 450 1.8895 0.4824 | 1.0956 1.42e-2 1.00 92.70 | 75.64
H Ni 1000 2.0731 0.3479 | 1.0856 1.52e-2 1.00 91.81 | 79.80
H Ni 4000 2.5028 0.3836 | 0.9871 1.33e-2 1.00 90.91 | 82.38
H Ni 8000 2.3038 0.2492 | 1.0029 9.39e-3 1.00 90.64 | 84.29
H Ni 50000 1.7324 0.0610 | 1.0093 2.70e-3 1.00 90.26 | 87.89
D Ni 1000 2.2389 0.4761 | 1.0506 4.51e-2 1.00 91.81 | 78.13
D Ni 4000 1.9552 0.2335 | 1.0325 3.34e-2 1.00 90.91 | 83.00
D Ni 8000 2.0430 0.2136 | 1.0102 2.37e-2 1.00 90.64 | 84.27
4He Ni 100 2.0241 1.3441 | 0.9916 5.47e-2 0.00 90.00 | 48.32
“He Ni 500 2.5267 0.8794 | 1.0066 1.68e-1 0.00 90.00 | 69.54
“He Ni 1000 2.4668 0.7284 | 0.9950 1.90e-1 0.00 90.00 | 72.91
4He Ni 4000 1.9873 0.3420 | 1.0072 1.67e-1 0.00 90.00 | 79.90
4He Ni 8000 2.0723 0.3149 | 0.9841 1.32e-1 0.00 90.00 | 81.72
4He Ni 100000 1.8360 0.0921 | 0.9937 2.23e-2 0.00 90.00 | 87.36
Ne Ni 1000 4.7811 2.7093 | 0.7414 1.47e-0 0.00 90.00 | 54.86
Ar Ni 40 | 20.4675 | 11.2697 | 0.6240 2.88e-3 0.00 90.00 | 56.17
Ar Ni 50 | 14.8926 8.1426 | 0.7142 1.20e-2 0.00 90.00 | 56.68
Ar Ni 70 | 10.5289 5.9310 | 0.7567 5.35e-2 0.00 90.00 | 55.22
Ar Ni 100 7.6304 4.4032 | 0.7971 1.53e-1 0.00 90.00 | 54.13
Ar Ni 290 5.5978 3.4646 | 0.7233 7.65e-1 0.00 90.00 | 49.79
Ar | Ni(ZBL) 290 5.1631 3.2541 | 0.7388 7.80e-1 0.00 90.00 | 48.85
Ar Ni 300 5.0306 2.9919 | 0.8059 7.78e-1 0.00 90.00 | 52.63
Ar Ni 1000 3.9887 2.1644 | 0.7780 1.97e-0 0.00 90.00 | 57.09
Ar Ni 3000 2.8656 1.1258 | 0.9315 2.81e-0 0.00 90.00 | 67.63
Ar Ni 30000 1.9547 0.3494 | 0.9924 3.23e-0 0.00 90.00 | 79.90
Ni Ni 100 | 14.1078 8.8411 | 0.5677 1.13e-1 4.46 | 101.92 | 53.21
Ni Ni 500 5.8343 3.5339 | 0.8012 1.24e-0 4.46 95.40 | 54.74
Ni Ni 1000 4.8757 2.7113 | 0.8474 2.03e-0 4.46 93.82 | 58.40
Ni Ni 2500 3.9820 1.8894 | 0.8896 2.90e-0 4.46 92.42 | 63.91
Ni Ni 5000 3.4691 1.4129 | 0.9121 3.74e-0 4.46 91.71 | 68.14
Ni Ni 10000 2.6717 0.8456 | 0.9678 4.34e-0 4.46 91.21 | 73.05
Kr Ni 45000 2.7039 0.6843 | 0.9179 5.61e-0 0.00 90.00 | 77.21




Table 18. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 fom
H Cu 50000 1.9195 0.0855 | 1.0004 3.01e-3 1.00 90.26 | 87.68
D Cu 50 4.4937 4.2207 | 0.8591 1.47e-3 1.00 98.05 | 18.41
D Cu 100 1.7910 1.2622 | 1.0565 1.64e-2 1.00 95.71 | 48.67
D Cu 300 2.1337 0.6577 | 1.1002 4.34e-2 1.00 93.30 | 70.56
D Cu 1000 2.1945 0.4894 | 1.0319 5.39e-2 1.00 91.81 | 76.41
D Cu 3000 2.6275 0.5238 | 0.9010 3.93e-2 1.00 91.05 | 81.26
D Cu 10000 2.2766 0.2868 | 0.9299 2.47e-2 1.00 90.57 | 85.09
4He Cu 1000 2.3431 0.6903 | 0.9933 2.30e-1 0.00 90.00 | 72.98
Ne Cu 1000 2.5361 1.1735 | 0.9540 1.84e-0 0.00 90.00 | 62.70
Ne Cu 45000 2.0420 0.3165 | 0.9773 1.62e-0 0.00 90.00 | 81.74
Ar Cu 16 | 23.7198 | 11.9382 | 0.6384 2.12e-5 0.00 90.00 | 61.24
Ar Cu 18 | 22.1882 | 11.3333 | 0.6891 7.78e-5 0.00 90.00 | 60.20
Ar Cu 20 | 21.4383 | 11.0751 | 0.6527 1.80e-4 0.00 90.00 | 59.76
Ar Cu 25 | 19.9619 | 10.5883 | 0.6529 8,40e-4 0.00 90.00 | 58.33
Ar Cu 30 | 17.3814 9.4935 | 0.6603 3.12e-3 0.00 90.00 | 56.69
Ar Cu 40 | 14.1287 8.0673 | 0.6709 1.54e-2 0.00 90.00 | 54.17
Ar Cu 50 | 11.7916 6.8970 | 0.6891 3.96e-2 0.00 90.00 | 52.86
Ar Cu 100 5.8601 3.5052 | 0.8223 2.71le-1 0.00 90.00 | 52.43
Ar Cu 300 3.4966 2.0419 | 0.8881 1.05e-0 0.00 90.00 | 53.90
Ar Cu 1050 2.8705 1.4081 | 0.9193 2.45e-0 0.00 90.00 | 60.93
Ar Cu 20000 2.4430 0.6188 | 0.9469 3.99e-0 0.00 90.00 | 76.49
Ar Cu 27000 2.4527 0.5926 | 0.9391 3.90e-0 0.00 90.00 | 77.43
Ar Cu 30000 2.5535 0.6295 | 0.9259 3.84e-0 0.00 90.00 | 77.44
Ar Cu 37000 2.6151 0.6326 | 0.9153 3.68e-0 0.00 90.00 | 78.01
Ar Cu 100000 2.3985 0.4287 | 0.9369 2.93e-0 0.00 90.00 | 81.47
Ar Cu 300000 2.1945 0.2936 | 0.9252 2.05e-0 0.00 90.00 | 84.76
Ar Cu | 1000000 1.7152 0.1116 | 0.9744 1.17e-0 0.00 90.00 | 87.20
Cu Cu 20 | 32.1005 | 17.5504 | 0.5452 1.90e-4 3.52 | 112.76 | 70.78
Cu Cu 50 | 18.4043 | 10.9887 | 0.5362 2.45e-2 3.52 | 104.86 | 58.42
Cu Cu 100 | 12.6246 8.0725 | 0.5792 1.87e-1 3.52 | 100.63 | 51.08
Cu Cu 300 6.5005 4.0702 | 0.7677 9.47e-1 3.52 96.18 | 52.93
Cu Cu 1000 4.0103 2.1565 | 0.8836 2.40e-0 3.52 93.40 | 59.67
Cu Cu 3000 3.4447 1.5309 | 0.9067 3.80e-0 3.52 91.96 | 65.70
Cu Cu 10000 3.1653 1.1604 | 0.8892 5.14e-0 3.52 91.07 | 70.87
Cu Cu 100000 2.7838 0.6638 | 0.9178 4.66e-0 3.52 90.34 | 78.47
Kr Cu 1050 3.5413 1.7566 | 0.8719 2.50e-0 0.00 90.00 | 60.71
Kr Cu 45000 2.0693 0.4034 | 0.9762 6.65e-0 0.00 90.00 | 79.37
Xe Cu 550 4.4365 2.2223 | 0.8477 1.37e-0 0.00 90.00 | 60.43
Xe Cu 1050 3.9040 1.8736 | 0.8561 2.31e-0 0.00 90.00 | 62.02
Xe Cu 1500 3.8896 1.8648 | 0.8579 2.32e-0 0.00 90.00 | 62.05
Xe Cu 2050 3.5977 1.6054 | 0.8667 3.48e-0 0.00 90.00 | 64.51
Xe Cu 5000 2.8734 1.0386 | 0.9247 5.17e-0 0.00 90.00 | 69.84
Xe Cu 9500 2.8168 0.9214 | 0.9274 6.33e-0 0.00 90.00 | 72.10
Xe Cu 30000 2.6217 0.7036 | 0.9293 8.10e-0 0.00 90.00 | 75.93
Xe Cu 50000 2.1291 0.4332 | 0.9697 8.70e-0 0.00 90.00 | 79.03
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Table 19. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o, (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 Oom
Ga Ga 100 | 11.5816 | 7.0037 | 0.6206 2.37e-1 2.97 | 99.78 | 55.67
Ga Ga 150 9.1207 | 5.4708 | 0.6617 4.43e-1 2.97 | 98.01 | 55.69
Ga Ga 200 7.9098 | 4.6934 | 0.6991 6.33e-1 2.97 | 96.95 | 56.11
Ga Ga 300 6.5454 | 3.7692 | 0.7209 9.46e-1 2.97 | 95.68 | 57.32
Ga Ga 900 4.6037 | 2.3725 | 0.7691 2.08e-0 2.97 | 93.29 | 61.67
Ga Ga 1000 4.4426 | 2.2574 | 0.7917 2.22e-0 2.97 | 93.12 | 62.13
Ar Zr 1050 3.1470 | 1.2965 | 0.9014 1.00e-0 0.00 | 90.00 | 66.66
Ar Zr 150000 1.9591 | 0.2715 | 0.9305 1.28e-0 0.00 | 90.00 | 84.26
Ar Zr 900000 1.5211 | 0.0854 | 0.9871 6.60e-1 0.00 | 90.00 | 87.25
D Nb 12200 2.3944 | 0.2938 | 0.9234 8.91e-3 1.00 | 90.52 | 86.03
He Nb 36500 2.1121 | 0.2220 | 0.9265 3.25e-2 0.00 | 90.00 | 86.55
Nb Nb 60000 3.1234 | 0.9023 | 0.8518 3.86e-0 7.59 | 90.64 | 76.94
H Mo 230 2.5308 | 1.5589 | 0.9749 6.45e-5 1.00 | 93.77 | 54.02
H Mo 250 2.4814 | 1.4465 | 0.9794 1.36e-4 1.00 | 93.62 | 56.47
H Mo 300 1.9363 | 1.0499 | 1.0147 4.51e-4 1.00 | 93.30 | 59.26
H Mo 400 1.7189 | 0.7725 | 1.0282 1.32e-3 1.00 | 92.86 | 65.13
H Mo 700 1.4682 | 0.3142 | 1.0664 3.72e-3 1.00 | 92.16 | 78.02
H Mo 1400 1.8628 | 0.2690 | 1.0462 5.79e-3 1.00 | 91.53 | 81.76
H Mo 2000 1.8885 | 0.2330 | 1.0410 5.99e-3 1.00 | 91.28 | 82.88
H Mo 3000 2.0833 | 0.2444 | 1.0274 6.04e-3 1.00 | 91.05 | 83.28
H Mo 4000 2.2339 | 0.2605 | 1.0147 5.55e-3 1.00 | 90.91 | 83.69
H Mo 7000 2.4427 | 0.2922 | 0.9822 4.82e-3 1.00 | 90.68 | 84.32
H Mo 8000 2.4361 | 0.2873 | 0.9759 4.70e-3 1.00 | 90.64 | 84.78
H Mo 50000 2.2285 | 0.1283 | 0.9825 1.36e-3 1.00 | 90.26 | 87.59




Table 20. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Esp (eV) 05 fom
D Mo 110 3.6499 | 2.6095 | 0.9457 4.86e-5 1.00 | 95.45 | 46.36
D Mo 120 3.2952 | 2.3286 | 0.9466 1.57e-4 1.00 | 95.22 | 47.01
D Mo 200 1.9634 | 1.1456 | 1.0224 2.83e-4 1.00 | 94.04 | 56.81
D Mo 300 1.4416 | 0.5467 | 1.0712 6.97e-3 1.00 | 93.30 | 69.42
D Mo 450 1.4557 | 0.3418 | 1.0933 1.14e-2 1.00 | 92.70 | 76.80
D Mo 2000 2.0337 | 0.3153 | 1.0220 1.84e-2 1.00 | 91.28 | 81.62
D Mo 8000 2.0631 | 0.2276 | 0.9909 1.36e-2 1.00 | 90.64 | 84.55
D Mo 50000 2.1611 | 0.1359 | 0.9794 3.50e-3 1.00 | 90.26 | 87.40
D Mo 100000 1.8823 | 0.0773 | 0.9826 2.50e-3 1.00 | 90.18 | 88.49
T Mo 75 5.7190 | 4.3244 | 0.8477 4.99e-5 1.00 | 96.59 | 41.28
T Mo 80 4.4191 | 3.3686 | 0.8953 1.40e-4 1.00 | 96.38 | 41.46
T Mo 90 3.7017 | 2.7864 | 0.9114 4.73e-4 1.00 | 96.02 | 42.54
T Mo 100 3.0735 | 2.2637 | 0.9516 1.00e-3 1.00 | 95.71 | 44.59
T Mo 170 1.9057 | 1.0592 | 1.0260 6.88e-3 1.00 | 94.39 | 59.00
T Mo 300 1.5224 | 0.4495 | 1.0976 1.66e-2 1.00 | 93.30 | 73.90
T Mo 1000 1.9541 | 0.3696 | 1.0454 3.03e-2 1.00 | 91.81 | 79.57
T Mo 3000 1.8690 | 0.2429 | 1.0270 3.03e-2 1.00 | 91.05 | 82.70
T Mo 10000 1.9745 | 0.2106 | 0.9852 2.09e-2 1.00 | 90.57 | 84.89
3He Mo 90 2.2907 | 2.0843 | 0.9297 4.75e-4 0.00 | 90.00 | 22.98
3He Mo 100 2.2428 | 1.9581 | 0.9243 1.12e-3 0.00 | 90.00 | 27.62
3He Mo 140 1.6236 | 1.2028 | 0.9934 5.50e-3 0.00 | 90.00 | 42.11
3He Mo 300 1.4534 | 0.5258 | 1.0395 2.59e-2 0.00 | 90.00 | 68.31
3He Mo 1000 1.8915 | 0.4184 | 1.0215 5.66e-2 0.00 | 90.00 | 76.74
3He Mo 3000 1.9766 | 0.3390 | 1.0012 6.41e-2 0.00 | 90.00 | 80.09
3He Mo 10000 1.8416 | 0.2120 | 0.9975 5.29e-2 0.00 | 90.00 | 83.47
4He Mo 70 2.1772 | 2.1982 | 0.9302 4.82e-4 0.00 | 90.00 0.00
“He Mo 80 2.3636 | 2.1575 | 0.9161 1.44e-3 0.00 | 90.00 | 22.26
“He Mo 100 1.6240 | 1.4009 | 0.9877 4.56e-3 0.00 | 90.00 | 30.15
“He Mo 140 1.4173 | 0.9332 | 1.0098 1.28e-2 0.00 | 90.00 | 48.90
‘He Mo 1500 1.9254 | 0.3901 | 1.0151 8.56e-2 0.00 | 90.00 | 77.95
4He Mo 4000 2.0918 | 0.3877 | 0.9785 8.73e-2 0.00 | 90.00 | 79.89
4He Mo 8000 2.0587 | 0.3226 | 0.9598 7.73e-2 0.00 | 90.00 | 82.17
4He Mo 50000 1.8652 | 0.1239 | 0.9958 2.64e-2 0.00 | 90.00 | 86.34
“He Mo 100000 1.9021 | 0.1135 | 0.9788 1.67e-2 0.00 | 90.00 | 87.36
Ar Mo 160 4.8275 | 2.6130 | 0.8934 2.12e-1 0.00 | 90.00 | 57.22
Ar Mo 1601 3.1027 | 1.3279 | 0.9136 1.37e-0 0.00 | 90.00 | 65.40
Ar Mo 16010 2.9182 | 0.9421 | 0.8367 2.23e-0 0.00 | 90.00 | 74.24
Ar Mo 27500 1.7967 | 0.3351 | 0.9851 2.52e-0 0.00 | 90.00 | 79.64
Mo Mo 300 | 10.1673 | 5.9485 | 0.6592 3.15e-1 6.83 | 98.58 | 57.67
Mo Mo 350 9.4843 | 5.5342 | 0.6670 3.90e-1 6.83 | 97.95 | 57.34
Mo Mo 1000 5.9822 | 3.2443 | 0.7442 1.12e-0 6.83 | 94.72 | 60.11
Mo Mo 2000 4.7935 | 2.4008 | 0.7783 1.76e-0 6.83 | 93.34 | 62.97
Xe Mo 9500 3.3127 | 1.2332 | 0.8500 3.77e-0 0.00 | 90.00 | 70.26
Xe Mo 30000 2.9323 | 0.8811 | 0.8899 4.96e-0 0.00 | 90.00 | 74.66




Table 21. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Eqp (eV) 05 Oom
Ar Pd 1050 | 2.3568 | 1.1640 | 0.9286 2.32e-0 0.00 | 90.00 | 60.65
D Ag 100 | 1.6699 | 1.1575 | 0.9596 6.25e-3 0.00 | 90.00 | 45.70
Ne Ag 45000 | 2.1511 | 0.4426 | 0.9044 2.10e-0 0.00 | 90.00 | 80.73
Na Ag 30000 | 2.2411 | 0.4338 | 0.7345 2.34e-0 0.00 | 90.00 | 88.48
Ar Ag 1050 | 2.1556 | 1.0385 | 0.9298 2.82e-0 0.00 | 90.00 | 61.50
Ar Ag 150000 | 2.2567 | 0.4090 | 0.9091 3.50e-0 0.00 | 90.00 | 82.21
Ar Ag 900000 | 1.6226 | 0.1125 | 0.9708 1.56e-0 0.00 | 90.00 | 87.08
K Ag 30000 | 2.5838 [ 0.7509 | 0.8372 4.76e-0 0.00 | 90.00 | 76.65
Kr Ag 45000 | 2.6001 | 0.7415 | 0.8747 8.56e-0 0.00 | 90.00 | 76.09
H In 2000 | 2.1191 | 0.3247 | 0.9816 1.65e-2 1.00 | 91.28 | 82.88
In In 100 | 9.7358 | 5.6869 | 0.6304 2.97e-1 2.52 | 99.02 | 57.82
In In 200 | 6.8624 | 3.9483 | 0.6930 7.49e-1 2.52 | 96.40 | 57.66
In In 1000 | 3.8772 | 1.9659 | 0.7756 2.76e-0 2.52 | 92.87 | 62.12
25000 | 2.2410 | 0.1662 | 0.9913 1.95e-3 1.00 | 90.36 | 86.39

4 100000 | 1.8527 | 0.1291 | 0.9751 2.05e-2 0.00 | 90.00 | 86.90
45000 | 2.0106 | 0.4231 | 0.9077 1.04e-0 0.00 | 90.00 | 80.32

1050 | 2.4778 | 1.1269 | 0.9297 9.69e-1 0.00 | 90.00 | 63.40

45000 | 2.3799 | 0.7121 | 0.8775 5.01e-0 0.00 | 90.00 | 75.03

500 | 2.5871 | 1.3240 | 0.9573 1.18e-5 1.00 | 92.56 | 60.99

550 | 2.0951 | 1.0881 | 0.9637 4.25e-5 1.00 | 92.44 | 60.36

600 | 2.1147 | 1.0569 | 0.9534 8.88e-5 1.00 | 92.34 | 61.71

700 | 1.5690 | 0.7245 | 0.9963 2.42e-4 1.00 | 92.16 | 64.02

800 | 1.9786 | 0.8800 | 0.9555 4.18e-4 00 | 92.02 | 65.34

900 | 1.3549 | 0.5469 | 0.9980 6.72e-4 00 | 91.91 | 67.62

1000 | 1.3708 | 0.4824 | 1.0067 8.64e-4 00 | 91.81 | 70.70

2000 | 1.3195 | 0.1490 | 1.0566 2.42e-3 00 | 91.28 | 83.01

4000 | 1.7762 | 0.1779 | 1.0283 3.46e-3
250 | 4.2860 | 2.9471 | 0.7250 2.34e-5
270 | 2.6708 | 1.6256 | 0.9398 7.63e-5
300 | 2.0195 | 1.1760 | 0.9927 2.08e-4
350 | 1.9721 | 1.1169 | 0.9762 5.98e-4
400 | 1.6044 | 0.8545 | 1.0054 1.11e-3
500 | 1.3909 | 0.6348 | 1.0216 2.20e-3
600 | 0.9409 | 0.3319 | 1.0655 3.39e-3
700 | 1.1523 | 0.3351 | 1.0523 4.22e-3

1000 | 1.1544 | 0.1901 | 1.0824 6.55e-3
170 | 4.0524 | 2.7547 | 0.8673 3.77e-5
180 | 2.0906 | 1.4464 | 0.9946 9.81e-5
200 | 2.1916 | 1.4650 | 0.9693 3.03e-4
250 | 1.6394 | 1.0231 | 1.0104 1.23e-3
300 | 1.5437 | 0.8764 | 1.0206 2.41e-3
400 | 1.2873 | 0.5691 | 1.0391 4.89e-3

500 | 1.1505 | 0.3777 | 1.0626 7.22e-3

1
1

00 | 90.91 | 84.21
00 | 93.62 | 44.77
00 | 93.48 | 54.23
00 | 93.30 | 56.36
00 | 93.06 | 57.35
00 | 92.86 | 59.65
00 | 92.56 | 64.51
00 | 92.34 | 70.32
00 | 92.16 | 73.95
00 | 91.81 | 80.04
00 | 94.39 | 48.03
00 | 94.26 | 48.35
00 | 94.04 | 49.93
00 | 93.62 | 53.51
00 | 93.30 | 57.48
00 | 92.86 | 65.52
00 | 92.56 | 71.95
00 | 92.16 | 78.51
00 | 91.81 | 80.97

700 .0887 | 0.2120 | 1.0927 1.11e-2
1000 .1499 | 0.1573 | 1.1050 1.49e-2
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Table 22. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Eqp (eV) 05 Oom
THe w 130 | 3.9913 | 3.1578 | 0.8285 3.21e-5 0.00 | 90.00 | 34.58
4He w 140 | 3.2148 | 2.5337 | 0.8598 1.32e-4 0.00 | 90.00 | 35.53
4He w 150 | 2.0005 | 1.6150 | 0.9398 3.10e-4 0.00 | 90.00 | 35.12
4He w 170 | 2.0656 | 1.6420 | 0.9004 9.50e-4 0.00 | 90.00 | 35.63
4He w 200 | 1.2584 | 0.9604 | 0.9999 2.33e-3 0.00 | 90.00 | 40.25
4He w 250 | 1.1950 | 0.8161 | 1.0037 5.42e-3 0.00 | 90.00 | 49.96
4He w 300 | 1.1907 | 0.6873 | 1.0087 8.61e-3 0.00 | 90.00 | 54.77
4He w 350 | 0.9696 | 0.4845 | 1.0304 1.21e-2 0.00 | 90.00 | 59.94
4He w 400 | 1.2471 | 0.5171 | 1.0235 1.47e-2 0.00 | 90.00 | 65.30
4He w 500 | 1.1760 | 0.3783 | 1.0397 2.03e-2 0.00 | 90.00 | 70.65
4He w 600 | 1.3199 | 0.3561 | 1.0396 2.42e-2 0.00 | 90.00 | 73.61
4He w 700 | 1.2670 | 0.3010 | 1.0461 2.88e-2 0.00 | 90.00 | 75.30
4He w 1000 | 1.4993 | 0.3257 | 1.0302 3.78e-2 0.00 | 90.00 | 76.77
4He w 1400 | 1.6342 | 0.3388 | 1.0143 4.57e-2 0.00 | 90.00 | 77.70
4He w 2000 | 1.7995 | 0.3688 | 0.9903 5.15e-2 0.00 | 90.00 | 78.41
4He w 5000 | 2.0005 | 0.3776 | 0.9353 5.91e-2 0.00 | 90.00 | 80.91
4He w 10000 | 2.0468 | 0.3395 | 0.8989 5.63e-2 0.00 | 90.00 | 83.58
4He w 20000 | 1.5332 | 0.1238 | 1.0084 4.78e-2 0.00 | 90.00 | 85.08
4He w 50000 | 1.6774 | 0.1195 | 0.9966 3.23e-2 0.00 | 90.00 | 86.03
N w 48 | 2.9557 | 5.8879 | 0.9465 1.82e-5 1.00 | 98.21 0.00
N w 50 | 1.7735 | 4.3144 | 0.9468 5.70e-5 1.00 | 98.05 0.00
N w 52 | 1.2707 | 3.6458 | 0.8840 1.35e-4 1.00 | 97.90 0.00
N w 55 | 1.1002 | 3.3751 | 0.9604 3.60e-4 1.00 | 97.68 0.00
N w 60 | 0.4622 | 2.5095 | 1.0118 9.73e-4 1.00 | 97.36 0.00
N w 70 | 3.5011 | 4.1573 | 0.8630 3.26e-3 1.00 | 96.82 0.00
N w 80 | 2.7960 | 3.4029 | 0.8841 7.00e-3 1.00 | 96.38 0.00
N w 90 | 2.1152 | 2.6541 | 0.9226 1.17e-2 1.00 | 96.02 0.00
N w 100 | 1.7312 | 2.1735 | 0.9489 1.72e-2 1.00 | 95.71 0.00
N w 120 | 1.6230 | 1.6737 | 1.0004 2.77e-2 1.00 | 95.22 0.00
N w 140 | 1.7195 | 1.5092 | 1.0176 3.99e-2 1.00 | 94.83 | 30.54
N w 200 | 2.0738 | 1.3460 | 1.0316 7.57e-2 1.00 | 94.04 | 51.98
N w 300 | 2.2531 | 1.2151 | 1.0310 1.32e-1 1.00 | 93.30 | 59.47
N w 500 | 2.4324 | 1.1313 | 1.0171 2.13e-1 1.00 | 92.56 | 62.20
N w 1000 | 2.4383 | 0.9940 | 0.9936 3.39e-1 1.00 | 91.81 | 66.00
Ne w 45 | 1.4835 | 3.8004 | 0.8094 1.64e-5 0.00 | 90.00 0.00
Ne w 50 | 0.2818 | 2.3919 | 0.9244 7.38e-5 0.00 | 90.00 0.00
Ne w 60 | 0.1490 | 1.7027 | 0.9423 3.61le-4 0.00 | 90.00 0.00
Ne w 70 | 1.0487 | 1.9268 | 0.8972 8.44e-3 0.00 | 90.00 0.00
Ne w 80 | 0.4630 | 1.3150 | 0.9399 1.58e-2 0.00 | 90.00 0.00
Ne w 100 | 0.7008 | 1.0256 | 0.9957 3.15e-2 0.00 | 90.00 0.00
Ne w 140 | 1.3407 | 1.0746 | 0.9942 6.97e-2 0.00 | 90.00 | 36.63
Ne w 200 | 1.9700 | 1.1784 | 0.9844 1.23e-1 0.00 | 90.00 | 53.20
Ne w 300 | 2.1649 | 1.1382 | 0.9810 2.02e-1 0.00 | 90.00 | 58.30
Ne w 400 | 2.3287 | 1.1413 | 0.9754 2.67e-1 0.00 | 90.00 | 60.74
Ne w 500 | 2.4225 | 1.1426 | 0.9688 3.24e-1 0.00 | 90.00 | 62.01
Ne w 700 | 2.2943 | 1.0333 | 0.9668 4.25e-1 0.00 | 90.00 | 63.45
Ne w 1000 | 2.2664 | 0.9602 | 0.9638 5.33e-1 0.00 | 90.00 | 65.24




Table 23. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o (deg.), of the maximum yield, (8), are given

ion | target | Eq (eV) f b ¢ | Y(Eo,0) | Esp (eV) 05 fom
Ar w 30 | 18.8008 | 14.3233 | 0.5298 1.03e-5 0.00 90.00 | 29.59
Ar w 35 6.8215 6.2803 | 0.5504 1.17e-4 0.00 90.00 | 10.89
Ar w 40 0.0399 1.2328 | 0.8651 4.63e-4 0.00 90.00 0.00
Ar w 45 0.0200 0.9444 | 0.9324 1.26e-3 0.00 90.00 0.00
Ar w 50 0.0092 0.7256 | 1.0034 2.85e-3 0.00 90.00 0.00
Ar w 55 0.0177 0.5887 | 1.0523 5.23e-3 0.00 90.00 0.00
Ar w 60 0.4625 0.7963 | 1.0148 8.40e-3 0.00 90.00 0.00
Ar w 70 1.1976 1.1420 | 0.9778 1.75e-2 0.00 90.00 | 17.06
Ar w 80 1.5694 1.2543 | 0.9772 2.86e-2 0.00 90.00 | 36.57
Ar w 100 1.9354 1.3595 | 0.9674 5.60e-2 0.00 90.00 | 45.02
Ar w 140 2.4932 1.5322 | 0.9542 1.16e-1 0.00 90.00 | 51.84
Ar w 200 2.8464 1.6178 | 0.9437 2.01e-1 0.00 90.00 | 55.25
Ar w 300 2.7481 1.4845 | 0.9442 3.36e-1 0.00 90.00 | 57.30
Ar w 500 2.6042 1.3461 | 0.9401 5.62e-1 0.00 90.00 | 58.98
Ar w 700 2.6193 1.3056 | 0.9333 7.25e-1 0.00 90.00 | 60.31
Ar w 1000 2.4763 1.1745 | 0.9366 9.26e-1 0.00 90.00 | 62.00
Ar w 1005 2.4753 1.1700 | 0.9371 9.39%e-1 0.00 90.00 | 62.11
Ar w 1050 2.4911 1.1739 | 0.9341 9.61e-1 0.00 90.00 | 62.22
Ar w 30000 1.5166 0.2967 | 0.9875 2.59e-0 0.00 90.00 | 79.04
Xe w 9500 2.1148 0.7406 | 0.9329 4.25e-0 0.00 90.00 | 70.47
Xe w 30000 2.2644 0.7036 | 0.9115 5.94e-0 0.00 90.00 | 73.50
w w 35 | 32.1495 | 16.2298 | 0.4627 2.13e-5 8.68 | 116.47 | 80.98
w w 40 | 31.5560 | 16.1944 | 0.4990 5.60e-5 8.68 | 114.98 | 77.95
w w 50 | 31.1720 | 16.3715 | 0.5115 1.92e-4 8.68 | 112.62 | 74.22
w w 50 | 29.1892 | 14.9454 | 0.4922 1.77e-4 8.68 | 112.62 | 76.62
w w a 50 | 31.1660 | 16.1845 | 0.5159 1.92e-4 8.68 | 112.62 | 75.18
w w 60 | 28.4556 | 15.0978 | 0.5159 5.89e-4 8.68 | 110.82 | 72.13
w w 70 | 25.7454 | 13.7699 | 0.5175 1.51e-3 8.68 | 109.40 | 70.52
w w 80 | 23.3907 | 12.5813 | 0.5156 3.15e-3 8.68 | 108.23 | 69.29
w w 100 | 19.8712 | 10.8397 | 0.5208 9.54e-3 8.68 | 106.42 | 66.95
w w 100 | 20.1422 | 10.9606 | 0.5241 9.26e-3 8.68 | 106.42 | 67.16
w w 120 | 17.5207 9.6863 | 0.5251 2.04e-2 8.68 | 105.05 | 64.98
w w 140 | 15.8372 8.8582 | 0.5403 3.58e-2 8.68 | 103.98 | 63.43
w w 200 | 12.9717 7.4152 | 0.5705 9.68e-2 8.68 | 101.77 | 60.57
w w 300 | 10.2481 5.9264 | 0.6168 2.28e-1 8.68 99.65 | 58.79
w w 350 9.5022 5.4740 | 0.6363 2.92e-1 8.68 98.95 | 58.78
w w 400 8.9966 5.1930 | 0.6532 3.59e-1 8.68 98.38 | 58.41
w w 500 8.1383 4.6991 | 0.6674 4.97e-1 8.68 97.51 | 60.21
w w 800 6.1837 3.4586 | 0.7349 8.47e-1 8.68 95.95 | 59.20
w w 1000 5.6049 3.0949 | 0.7587 1.07e-0 8.68 95.32 | 59.35
w w 1000 5.8226 3.2309 | 0.7429 1.04e-0 8.68 95.32 | 59.26
w w 2000 4.4556 2.3233 | 0.7594 1.81e-0 8.68 93.77 | 61.45
w w 2500 4.0991 2.0502 | 0.8270 2.10e-0 8.68 93.37 | 62.84
w w 5000 3.6732 1.7278 | 0.8289 3.11e-0 8.68 92.39 | 64.62
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Table 24. Fitting values f,b, ¢ for the angular dependence of the sputtering yield
in (6). Furthermore, the values for the yield at normal incidence, Y (Ejy,0), the
binding energy, Ep, for the projectiles, the value 65 (deg.), (7), and the angular
position, o, (deg.), of the maximum yield, (8), are given

ion | target | Eg (eV) f b ¢ | Y(Ep,0) | Esp (eV) 05 fom
H Au 1000 | 1.1436 | 0.1758 | 1.0340 7.55e-3 0.00 | 90.00 | 80.23
H Au 4000 | 1.7553 | 0.1874 | 1.0068 1.10e-2 0.00 | 90.00 | 83.65
D Au 130 | 2.8168 | 2.1780 | 0.8276 2.44e-4 1.00 | 95.01 | 38.42
D Au 140 | 2.1529 | 1.6150 | 0.9556 4.92e-4 1.00 | 94.83 | 42.96
D Au 150 | 2.0274 | 1.5209 | 0.9366 7.96e-4 1.00 | 94.67 | 42.59
D Au 160 | 1.9649 | 1.3976 | 0.9776 1.14e-3 1.00 | 94.52 | 46.64
D Au 200 | 1.7254 | 1.1440 | 0.9847 3.05e-3 1.00 | 94.04 | 50.51
D Au 250 | 1.9522 | 1.1324 | 0.9057 5.45e-3 1.00 | 93.62 | 56.45
D Au 300 | 1.2658 | 0.5848 | 1.0421 7.84e-3 1.00 | 93.30 | 64.55
D Au 500 | 0.9402 | 0.1928 | 1.1191 1.60e-2 1.00 | 92.56 | 77.78
D Au 1000 | 1.3545 | 0.2159 | 1.0734 2.51e-2 1.00 | 91.81 | 80.27
D Au 3000 | 1.6865 | 0.2338 | 0.9943 3.12e-2 0.00 | 90.00 | 82.20
Na Au 30000 | 2.2786 | 0.6106 | 0.8236 2.20e-0 1.00 | 90.33 | 79.04
Ne Au 6000 | 1.9240 | 0.6608 | 0.9121 2.18e-0 0.00 | 90.00 | 71.27
Ne Au 14000 | 1.6611 | 0.4130 | 0.9587 2.31e-0 0.00 | 90.00 | 76.51
Ar Au 1050 | 1.8345 | 0.9363 | 0.9395 2.24e-0 0.00 | 90.00 | 59.44
Ar Au 3000 | 1.7776 | 0.7560 | 0.9330 3.52e-0 0.00 | 90.00 | 65.41
Ar Au 6000 | 1.4391 | 0.4722 | 0.9762 4.28e-0 0.00 | 90.00 | 71.21
Ar Au 10000 | 1.5072 | 0.4461 | 0.9697 4.74e-0 0.00 | 90.00 | 73.33
Ar Au 30000 | 1.8818 | 0.5059 | 0.9221 5.11e-0 0.00 | 90.00 | 76.07
K Au 30000 | 2.2529 | 0.3512 | 0.8527 4.72e-0 1.00 | 90.33 | 86.35
Xe Au 10000 | 2.3259 | 0.9589 | 0.8569 8.88e-0 0.00 | 90.00 | 67.16
Kr Hg 762 | 3.0516 | 1.4476 | 0.8695 1.06e-0 0.00 | 90.00 | 62.37
H U 2000 | 1.2788 | 0.1275 | 1.0504 4.13e-3 1.00 | 91.28 | 82.73
Kr U 17900 | 1.6156 | 0.4821 | 0.9436 5.76e-0 0.00 | 90.00 | 73.68




Table 25. Elemental targets for which measurements and static calculations (low

fluence), not included in fits and figures, have been performed

target ion energy (keV) | angle (deg.) | meas. calc.
Li D,Li | 0.075,0.125,0.2 0- 89 [328]
Li D,T,Li 0.01 - 10 0-85 [329]
Li D,*He,Li 0.1-1 45 [46] [46]
Li D,*He,Li 0.7 45 | [330] [330]
Li T 0.01 -1 0-85 [331]
Li Li 0.05 - 50 0 [332]
Be D 0.01 - 0.7 45 | [333] [333]
Be T 0.015 -1 0-85 [331]
Be Be 0.05 - 50 0 [332]
Be Be 1,3 0 -85 [334]
B B 1 0-85 [334]
C H 0.3 0, 60 [335]
C H,D,T 0.05 - 10 0 [336]
C | H,D,T,%He,*He 0.02 - 10 0-85 [331]
C H, Xe 0.4,1,10,40 0,60,80 [28]
C “He 0.1-9 0 [337]
C (@] 0.03 - 10 0-85 [332,338]
C C 0.1, 0.3 0-75 [335]
C Ar 0.4, 10, 40 0, 60 [339]
C Ar 1 0 -85 [340]
C Ar, 0.1/atom 0 [341]
C C + Pt 0.3-1 0 [342]
Al 0 10 0| [158]
Al ¢) 5 0 | [343]
Al | Ne,Al,Ar,Kr,Xe 10-50 0 [344]
Al Al 0.025 - 0.09 0-90 [345]
Al Ar 40 0-85 [346]
Al Ar 3 0 [347]
Si 0 10 0| [158]
Si e} 5 0| [343]
Si O,Ar 4.5,9 0-60 | [242]
Si Ne 0.2 - 0.62 0 [348]
Si Ne,Ar,Xe 0.5,1,5 60 | [349] [349]
Si Si 0.05 - 100 0 [332]
Si Si 0.5-5 0 [350]
Si Si 0.03 - 10 0 -89 [351]
Si Si,Ar,Kr 0.04, 0.6 0 [348]
Si Ar 3,5,10 0,45,60 [124]
Si Ar 0.4,1 0 [339]
Si Ar 0.2 - 100 0 [352]
Si Ar 3 51 [353,354]
Si Ar 0.15 - 3 0 [355]
Si Ar 1.05 0 -85 [356,357]
Si Ar 5,10 0 [358,359]
Si Ar 0.05 - 2 [360]
Si Ar,Kr 1 0 [361]
Si Xe 2-12 0| [362]
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Table 26. Elemental targets for which measurements and static calculations (low
fluence), not included in fits and figures, have been performed

target ion | energy (keV) | angle (deg.) meas. calc.
Ti 0 10 0 [158]
Ti “He 0.15 - 10 0 [337]
v 0 10 0 [158]
A “He 0.2 -10 0 [363]
Cr 0 10 0 [158]
Mn 0 10 0 [158]
Fe H,D,T,*He 0.6 - 10 0 [270,364]
Fe D 0.06 - 200 0 [365]
Fe D 50,100,200 60,75,85 (365]
Fe o} 10 0 [158]
Fe Ar 0.3-5 0 (366]
Co 0 10 0 [158]
Co Ar 0.2 -10 [367]
Co Ar 1 0-85 (368]
Ni H 50 0-85 [135]
Ni H 0.45,1,4 0- 80 [257]
Ni H | 0.1,0.2,0.45,1 0-85 (369,370
Ni H 1 0- 80 (318]
Ni H 4 80 [371]
Ni H,D,T,*He 0.1-10 0-85 [372]
Ni H,D,T,*He 0.05 - 8 0 [336]
Ni | H,D,*He,Ne,Ar 0.15 - 100 0-87.5 [28,373]
Ni D 0.08 - 50 0 [28,373]
Ni D 1 0-85 [365]
Ni “He 100 0 - 80 [135]
Ni “He 0.03,0.1,1 0 [370]
Ni “He 4 0-85 [374]
Ni “He,Ne 1 0-80 [318]
Ni “He,Ne 0.1 - 100 0 [318]
Ni Li,B,N,Ne,Al 0.15 0 [375,376]
Ni 0 10 0 [158]
Ni | Ca,Ni,Ga,Kr,Xe 0.15 0 [375,376]
Ni Ne 1 0-87.5 (28]
Ni Ne 0.1 - 100 0-85 [377]
Ni Ar 40 0-85 [346]
Ni Ar 0.1-0.5 0 [134]
Ni Ar 0.2 0 | [378,379]
Ni Ar 0.5, 1 0-85 [340]
Ni Ni 0.03 - 100 0- 80 (332,380]
Ni Ni 0.03,0.1,1 0 [370]
Ni Xe 0.07 - 100 0-87.5 [28,318]
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Table 27. Elemental targets for which measurements and static calculations (low

fluence), not included in fits and figures, have been performed

target ion energy (keV) | angle (deg.) | meas. calc.
Cu H 50 0-178 [135]
Cu D 30 - 300 0 [381]
Cu “He 0.08 - 50 0 [337]
Cu 4He,Ne,Xe 3 0 [382,383]
Cu 4He,Ne,Kr,Xe 1 0 [352,358]
Cu | “He,N,Ne,Ar,Kr,Xe 0.5 - 2 0-70 [384]
Cu 0 10 0| [158]
Cu Ne 10 0 [385]
Cu Ne, Xe 3 0 [382]
Cu Ar 1-30 0 [383]
Cu Ar 1.05 0-85 [356]
Cu Ar 0.01-1 0-85 [370]
Cu Ar 0.1-1.4 0 [352]
Cu Ar 40 0-85 [346]
Cu Ar 3,30,300 0 [382]
Cu Ar 5 0 [386]
Cu Ar 5 0 [387]
Cu Ar 1 0-85 [368]
Cu Ar 0.3 0 - 60 [388]
Cu Ar, Cu 0.5 - 10 0 [389]
Cu Ar, Xe 0.4,10,40 0,60 [339]
Cu Cu 1 0 [358]
Zn O,Ar 1 70 [210]
Ga D,T,Ga 0.02 - 10 0- 80 [329]
Ga D,Ga | 0.075,0.125,0.2 0-89 [328]
Ga ] 5 0 | [343]
Ge Oa 10 0| [158]
Ge ¢} 5 0| [343]
Ge Ar 0.4,1 0 [339]
Ge Ar 1.05 0-85 [356,357]
Qe Ge,Kr 0.1-0.62 0 [348]
Nb H 16400 0 [186,390]
Nb e} 10 0| [158]
Nb Ar 20 0,45,77,85 [391]
Mo H,He 0.1 -10 0 [270]
Mo H,D,*He 50,100 0-75 [135]
Mo H,D, T 2 0-85 [365,372]
Mo D 0.06 - 200 0,60,75,85 [365]
Mo D,T,*He 0.15-9 0 [336]
Mo D,T,Mo 0.03 - 100 0-85 [392]
Mo 0 10 0| [158]
Mo Mo 0.05 - 100 0 [332]
Ag 4He,0,Ar,Xe 1 70 | [210]
Ag e} 10 0| [158]
Ag Ar 0.015,0.1,1 0 [370]
Ag Ar 1.05 0-85 [356]
Ag Xe 0.4,10 0 [339]
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Table 28. Elemental targets for which measurements and static calculations (low
fluence), not included in fits and figures, have been performed

target ion | energy (keV) | angle (deg.) | meas. calc.
cd 0 5 0 | [343]
cd Ar, Xe 0.4,10,40 0 [339]
In D,T,In 0.02 - 10 0- 80 [329]
In Ar 1 70 [210]
Sn H,D,*He 03-1 15 | [393] [393]
Sn o 10 0| [158]
Sn 0 5 0| [343]
Ta H 25 0-70 [135]
Ta Ar 1.05 0-385 [356,357]
Ta Li,B,N,Ne,Al 0.15 0 [375,376]
Ta | Ca,Ni,Ga,Kr,Xe 0.15 0 [375,376]
W D 0.06 - 200 0,60,75,85 [365]
w D, T,W 0.03 - 50 0-85 [392]
A o 10 0| [158]
A W 0.03 -100 0-80 [332]
w W 10 70 [358]
w W 0.15 - 1 0, 20 [394]
Pt Ne 0.03,0.1,1 0 [370]
Pt Ar 0.2 - 50 0 [395]
Au H,D, T 1 0- 83 [372]
Au D 0.15 - 20 0 [337]
Au D,T,*He 0.1-38 0 [336]
Au “He 0.15-9 0 [337]
Au o 10 0| [158]
Au Ar 1 70 [210]
Au Ar 0.4,10 0,60 [339]
Au Ar 0.02,0.1,1 0 [370]
Au Xe 0.4,10 0,60 [339]
Au Au 100 0 [396]
Au Au 10 - 10000 0 [397]
U U 0.05 - 9 0-85 [300]
U U 0.1-10 0 [398]
U U 0.05 - 100 0 [332]
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Table 29. Elemental targets bombarded with metal ions for which experiments
and/or static calculations (low fluence) have been performed

target | ion | energy (keV) | angle (deg.) exp. calc.
Be | C 3 0-70 [334]
Be | Hg 1 0 [399]
C|ca 0.1-0.5 0 [400]
clw 100 0 [290] [290]
C | Hg 0.05-0.5 0 [401]
C | Hg 5- 100 0-60 [402]
C | Hg 10 - 25 0 [403]
C | Hg 0.4-10 0 [370,25]
Al | Au 50 0 [237]
Al | Hg 0.5-3 0 [399]
Al | Hg 0.125-0.35 0 | [401,404]
Al | Hg 0.4 0 [63]
Al | Hg 20 0 [403]
Al | Hg 0.07,0.2,1 0 [370]
Si| B 20,40,60 0 [405]
si | Al 25,50,100,150 0 [405]
si| P | 2550,100,150 0 [405]
Si| Ge 0.04 - 0.2 0 [348]
Si | As | 25,50,100,150 0 [405]
Si| Cs 2-12 0-60 [362]
Si | Au 50 0 [237]
Si | Hg 1 0 [399]
Si | Hg 0.125-0.35 0 [401]
Si | Hg 0.4 0 [63]
Si | Pb 25 - 500 0 [114]
Si | Pb 0.03 - 20 0 [25,370]
Ti | Cd 0.1-0.5 0 | [400,406]
Ti | Hg 0.1-0.5 0 | [401,404]
Ti | Hg 4-14 0 [211]
Ti | Hg 0.4 0 [63]
Ti | Hg 0.04-0.28 0 [407]
Ti | Hg 15,20,25 0 [403]
V| Hg 0.125-0.35 0 [401]
V | Hg 4-15 0 [211]
V | Hg 0.4 0 [63]
Cr | Hg 1 0 [399]
Cr | Hg 0.1-0.3 0 | [401,404]
Cr | Hg 0.025-0.35 0 [142]
Cr | Hg 0.05-0.23 0 [407]
Mn | Hg 1 0 [399]
Fe | Ti 110 0 [408]
Fe | Ni 90 0 [139]
Fe | Hg 0.5-4 0 [399]
Fe | Hg 0.4,0.8 0-75 [409]
Fe | Hg 1-100 0-60 [402]
Fe | Hg 0.1-0.4 0 | [401,404]
Fe | Hg 4-15 0 [211]
Fe | Hg 0.04-0.3 0 [407]
Fe | Hg 20 0 [403]
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Table 30. Elemental targets bombarded with metal ions for which experiments
and/or static calculations (low fluence) have been performed

target ion | energy (keV) | angle (deg.) exp calc.
Ni Cu 90 0 [139]
Ni Hg 05-4 0 [399]
Ni Hg 0.07-0.4 0 [401]
Ni Hg 0.2,0.8 0-62 [409]
Ni Hg 4-15 0 [211]
Ni Hg 0.02-0.25 0 [407]
Ni Hg 10 - 25 0 [403]
Ni Hg 0.03 - 0.1 0-85 [369,370]
Co Hg 1 0 [399]
Co Hg 0.125-0.35 0 [401]
Co Hg 4-15 0 [211]
Co Hg 0.04-0.25 0 [407]
Cu Be 0.5, 1 0 [384]
Cu | Na,Si,P,S,CLLK 5-20 0 [262]
Cu V,Bi 45 0 [410]
Cu Ni 90 0 [139]
Cu | Zn,Cd,1,Hg,TI 5-20 0-53 [262]
Cu Co,Ni,Cd 39 0 [173,411]
Cu Cd, Hg 0.1-0.5 0 [400]
Cu Ag 0.5, 1 0 [384]
Cu Hg 1 0 [399]
Cu Hg 0.06-0.3 0 [401]
Cu Hg 4-15 0 [211]
Cu Hg 0.03-0.25 0 [407]
Cu Hg 10 - 25 0-45 [403]
Cu U 30 0 [108]
Zn | Ni,Co,Cu,Cd 39 0 | [173,176,411]
Ge Hg 0.125-0.4 0 [401]
As Ag 15,90 0 [139]
Zr Cd 0.1-0.5 0 [400,406]
Zir Hg 1 0 [399]
Zr Hg 0.1-0.4 0 [401]
Zr Hg 0.04-0.28 0 [407]
Nb Br 100,70000 0 [193]
Nb Hg 0.2-0.4 0 [401]
Nb Hg 0.05-0.25 0 [407]
Mo Cd 01-05 0 [400]
Mo Hg 05-4 0 [399]
Mo Hg 0.15-0.8 0-65 [401,409]
Mo Hg 4-15 0 [211]
Mo Hg 0.04-0.26 0 [407]
Mo Hg 15,20,25 0 [403]
Rh Hg 0.075-0.3 0 [401]
Rh Hg 4-15 0 [211]
Pd Hg 1 0 [399]
Pd Hg 0.075-0.3 0 [401]
Pd Hg 4-15 0 [211]
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Table 31. Elemental targets bombarded with metal ions for
and/or static calculations (low fluence) have been performed

which experiments

target ion | energy (keV) | angle (deg.) | exp. | calc.
Ag Hg 1 0 | [399]
Ag Hg 0.05-0.25 0-60 | [401]
Ag Hg 0.125 0-60 | [409]
Ag Hg 4-15 0| [211]
Ag Hg 0.03-0.2 0 | [407]
Ag Hg 10 - 25 0 | [403]
Ag Bi 30 0 [397]
Cd Ni 39 0| [411]
In Hg 20 0 | [403]
Sn | Co,Cu,Cd 39 0 | [411]
Ho Hg 20 0 | [403]
Hf Hg 0.12-0.4 0 | [401]
Ta Cd 0.1-0.5 0 | [400]
Ta Hg 1 0 | [399]
Ta Hg 0.11-0.35 0 | [401]
Ta Hg 0.4 0-70 | [409]
Ta Hg 4-15 0| [211]
Ta Hg 0.04-0.26 0 | [407]
Ta Hg 10 - 25 0 | [403]
W C 1,6 0-70 [412]
W c 2.4 0| [413]
w CH3 3.0 0| [413]
W Cd 0.1-0.5 0 | [400]
W Hg 0.5-2 0 | [399]
W Hg 0.04-0.4 0 | [401]
w Hg 0.2-0.8 0-65 | [409]
W Hg 4-15 0| [211]
W Hg 0.05-0.29 0 | [407]
Re Hg 0.125-0.35 0 | [401]
Tr Hg 0.1-03 0 | [401]
Pt Hg 1 0 | [399]
Pt Hg 0.2 0-70 | [409]
Pt Hg 4-15 0| [211]
Pt Hg 0.03-0.29 0 | [407]
Au Al 50 0 | [237]
Au S 80000 0 | [414]
Au Ni 69000 0 | [414]
Au 1| 99000,198000 0 | [414]
Au Hg 0.05-0.25 0 | [401]
Au Hg 4-15 0 | [211]
Au Hg 0.02-0.19 0 | [407]
Au Bi 30 0 [397]
Pb Ni 39 0| [411]
Th Hg 0.1-0.42 0 | [401]
U Hg 0.075-0.35 0 | [401]
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Table 32. Crystalline targets for which experiments and/or static calculations (low
fluence) have been performed

single crystal target ion | energy (keV) | angle (deg.) exp. | calc.
Be(001),(010),(110) D, He 0.1 0-80 [415]
Bn(0001) Ar,Xe 0.3-3 0 [416] | [416]
AL(100) Al 0.1-1.3 0 [417]
Al(111) Al 0.025-0.15 0-90 [345]
Al(111) Ar 3 0 [347]
Si Ar 1 0-50 [418]
Si(100) Ar 0.5 45 [419]
Si(100),(110),(111) Ar 40 0 [122]
Si(111) Ar 0.04 -8 0 [420]
Si(111) Ar 0.05-0.8 0 [421]
Si(111) Ar 1-5 0 [146]
Si(111) V,Co,Ni,Er 40 0 [422]
Fe(001) Ar 1 65 [311]
Ni(100) Ar 0.2 0 [423]
Ni(100) Ar 0.2 0 [424]
Ni(100) Ar 1 0 [425]
Ni(100) Ar 0.02-0.04 0 [426]
Ni(001) Ar 1 0-75 [311]
Ni(001) Ne 10 0-85 [312]
Ni(110) Ar 15 30 | [379,427]
Ni(111) Al 0.025-0.15 0-90 [345]
NizAl(100) Al 0.5,1.3 0 [417]
ng 35F80 65(111) Ne 10 45 [428]
minerals(001) | *He,N,Ne,Ar,Xe 50 0-60 [429]
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Table 33. Crystalline targets for which experiments and/or static calculations (low
fluence) have been performed

single crystal target ion | energy (keV) | angle (deg.) exp. calc.

Cu(111) 4He,B,Ne,Ar,Xe 3 0 [347,430]

Cu(111) Ne,Ar 0.6, 5 0 [431]

Cu(100),(110),(111) Ar 1-20 0 [432]

Cu(100) Ar 5 0 [433]

Cu(100) Ar 20 29-61 [433]

Cu(100),(110),(111) Ar 0.6 0 [434]

Cu(100) Ar 0.6 0 [435]

Cu(100),(111) Ar 0.6-20 0 [436,437]

Cu(100) Ar 5 0 [438]

Cu(100) Ar 0.6 0-60 [439]

Cu(100),(111) Ar Kr,Xe 0.6,5 0 [440]

Cu(111) Ar 1-10 0 [358]

Cu(100) Ar 40 1-8 [441]

Cu(100) Ar 27 0-75 [442]

Cu(100) Ar 1.05,5 0-85 [443]

Cu(100) Ar 0.1,0.5 0 [444]

Cu(100) Ar 27 0-87 [445,446]

Cu(100),(110),(111) Ar 0.2,5 0 [447]

Cu(100) Ar 0.5,5 0-85 [279]

Cu(001) Ar 0.05-0.6 0 [448]

Cu(100) Ar 0.05-1 0 [449]

Cu(100),(110).(111) Ar 0.5-5 0 [278]

Cu(122) Ar 0.5-5 0 [278]

Cu(001) Ar 0.06-0.6 0 [450]
Cu(111),(113),(122) Ar 0.5-5 0 [146]
Cu(123),(011),)001) Ar 0.5-5 0 [146]
Cu(012) Ar 0.5-5 0 [146]

Cu(111) Ar,Cu 0-0.25 0-85 [451]

Cu(001) Ar 20, 30 0-41 [452,453]

Cu(001) Ar 0.01-2.5 0 [454]

Cu(100) Ar,Kr,Xe 5 60-70 [455]

Cu(100) Ar 5 0-48 [456]

Zn(1000),(1010),(1120) Ar 3 0 [278]
Ge(100),(110),(111) Ar 1-5 0 [146]
Ge(100),(110),(111) Ar 40 0 [122]
Ge(1 00),(110),(111) Ge 50 0 [402]
Gd(0001) Ne 20 30 | [379,457]

Pt(111) Ne,Ar,Xe 0.04-5 0 [458]

Pt(111) Xe 5 0-85 [459]

Pt(100) Pt 0.1-200 0 [460]

Pt(111) Pt 0.1-200 0 [461]

Au(100) Be,N,Ne,Cu 0.1-2 0 [462]

Au(111) Ar 3 0 [347]

Au(100) Mo, Xe,Er,Au 0.1-2 0 [462]

Au(111),(001) Au | 0.5-500/nucl. 0 [463]

Ph/CU(100) Ar 3 0 [464]
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Table 34. Compound targets for which experiments and/or static calculations (low
fluence) have been performed

compound ion | energy (keV) | angle (deg.) exp. calc.

LiF Ar 0.01-5 0 [129,465] [466]
BesB H,D,*He 0.05-4 0 [27,467]

BexC D 0.02-2 0 [47]
Be-C Be 0.3-5 0 [62]
Be-W Be 0.3-5 0 [62]

0By 2By 5 4He,Ar,Kr,Xe 0.07-2 60 [293]
B.C H 0.06-8 0 [69]

B.C H,D,*He 0.1-4 0 [27,72] [27]
B4C H,D,*He 0.06-8 0-75 [27,51,111]

B4C H,D,*He 0.025-8 0-85 [27,36]

B4C D,*He 0.03-10 0 [468]
B4C Ne 0.15-10 0 [27,66]

B4C C,0, Ne 0.015-3 0-80 [27,36]
B.C Ccd 0.1-0.5 0 [400]

BN Ar 0.3-5 0,45 [469] [469]

BN Ar 0.3-10 0,45 [470,471]

BN | B,N,Ne,Ar,Kr,Xe 0.15-10 0,45 [472] [472]

BN Li,B,N,Ne,Al 0.2-2 0 [375,376]

BN | Ca,Ni,Ga,Kr,Xe 0.2-2 0 [375,376]
BeO H,D,*He 0.05-4 0 | [27,50,51,252]
BeO D 0.33-3.33 0 [75]

BeO e} 0.1-10 0-85 [27,36]

B2O3 ) 0.15-3 0 [27,36]

B(OH)3 e} 0.15-3 0 [36]

C/USB15 D 0.01-3 0-80 [27] [27]
SAP H,D,*He 0.25-8 0 [51,473]
MgO Ar 3-25 0 [474]
MgO Ar 0.05-1 0 [129]

AIN Ar 0.3-5 0,45 [469] [469]

AIN Ar 0.3-10 0,45 [470,471]
Al,03 H,D,*He 0.10-8 0 [27,51,473]
A1203 Ar 3-25 0 [474]
Aly O3 Xett 0.1-1.5 0 [475]

Al on metals | *He,Ne,Ar,Kr,Xe 0.3,0.5 0 [288]
SiC H 0.6-20 0 [69]
SiC H 5, 7.5 0 [68]
SiC H,D,*He 0.10-8 0-80 | [27,51,72,111]
SiC H,D,*He 0.10-8 0 [52]

SiC D,*He 0.02-10 0 [468]
SiC O,Ne 0.15-10 0 [27,78]

SiC Ar,Xe 0.5-5 60,80 [349] [349]
SigNy H 0.1-1 0 [127]
SigNy Ar,Kr 0.5-2.5 0? [126]
SiO» H,D,*He 0.06-8 0 [27,51]
SiO» Ar 3-40 0-70 [474]
SiO» Ar 0.06-1 0 [129]
SiOs Ar,CF4 0.07-1.5 0 [125]
SiOs Ar,Kr 0.5-2.5 0? [126]
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Table 35. Compound targets for which experiments and/or static calculations (low
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fluence) have been performed

compound ion | energy (keV) | angle (deg.) exp. calc.
TiH, H 0.1 0 [476]
TiB» H,D,*He 0.20-8 0 [27]
TiB2 “He 3-20 0 [477]
TiB» “He 0.02-25 0 [468]
TiB» Cd 0.1-0.5 0 [406]
TiC H,D,*He 0.10-8 0 [27,72]
TiC H,D,*He 0.10-8 0-80 | [27,51,111]
TiC D 0.02-40 0 [398]
TiC D 0.4-10 0 [478]
TiC D 2 0 [132]
TiC D,*He 1.5-60 0 [477]
TiC D,*He 0.02-80 0 [468]
TiC O,Ne 0.15-10 0 [27,78]
TiC Cd 0.1-0.5 0 [400]

Ti, C, H 0.5,6 0,30 [36]
TiN N,Ar 0.4-0.7 0 [138] [138]
TiN Ccd 0.1-0.5 0 [406]

Ti, Al 0 9.25 0 [479]
vC Cd 0.1-0.5 0 [400]

VN Ccd 0.1-0.5 0 [406]
VSisg Kr 0.2 0 [480]

Cr3Cy Cd 0.1-0.5 0 [400]

FeH, FeHs, FeT H 0.1, 0.5 0 [476]
Ss H 0.6-20 0 [69]
ss H 0.5-7.5 0 [68]
ss H 0.4-1 0 [154]
SS H,D,*He 0.10-8 0 | [27,51,153]
Ss D 0.33-10 0 [75]
Ss D 5-30 0 [220]
Ss ¢} 0.10-10 0 [27,78]
SS H,D,*He 0.08-10 0 [145]
SS304 | H,D,*He,Ne,Ar 1-20 0 [481]
ss N,Ne,Ar 25 0 [99]
ss Ar 1-5 0 [146]

Inconel H,D,%He 0.07-8 0 [51,153]

Inconel D,*He 0.10-10 0 [145]

Inconel Hg 0.1-0.3 0 [404]

K-Monel Hg 0.15-0.3 0 [404]
S-Monel Hg 0.1-0.3 0 [404]
NiCroFer H,D,*He 0.07-8 0 [51,153]
B20F940Ni40 4He 2-20 0 [482]
Cu/Li D,*He,Ne,Ar 0.1-8 0 [483,484] | [483,484]
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Table 36. Compound targets for which experiments and/or static calculations (low
fluence) have been performed

compound ion energy (keV) | angle (deg.) exp. calc
GaN Ar 0.15-0.6 0 [485]
GaN Ar 0.3-10 0,45 [470]
GaN Ar 0.3-3 0,45 [471] [471]
GaN Li,B,N,Ne,Al 0.2-2 0 [376]
GaN | Ca,Ni,Ga,Kr,Xe 0.2-2 0 [376]
GaP Ar 0.15-0.6 0 [485]
GaAs Ar 0.15-0.6 0 [485]
GaAs Ar 0.03-1 0 [129]
GaAs Ar 0.3 0-85 (355]
GaAs Cs 8 0-60 [362]
GaSb Ar 0.15-0.6 0 [485]
ZrBs Cd 0.1-0.5 0 [406]
ZrC H,D,*He 0.12-8 0 [27,51]
ZrC Ccd 0.1-0.5 0 [400]
ZrN Ccd 0.1-0.5 0 [406]
NbB; D 0.40-8 0-70 [257] [257]
NbC Ccd 0.1-0.5 0 [400]
MoSiz Cd 0.1-0.5 0 [406]
92Mo'°°Mo Ar,Xe 5,10 0-85 [189]
MoW Cd 0.1-0.5 0 [406]
InP Ar 0.15-0.6 0 [485]
InAs Ar 0.15-0.6 0 [485]
Sn-Li D, He,Li 0.2-1 45 [486] [486]
Sno_gLio_g D 0.5 0 [487]
LaBg Cd 0.1-0.5 0 [406]
TaC H,D,*He 0.40-8 0 | [27,51,111]
TaC “He 0.15-10 0,30 [34]
TaC “He 1 0 [294]
TaC Ne 0.07-50 0-90 [293,488]
TaC Cd 0.1-0.5 0 [400]
TasO5 H,D,*He 0.50-8 0 [27,51]
TasO5 H,D,*He,Ne 2-15 0 [10]
wWC H,D,*He 0.20-8 0 | [27,51,111]
wWC “He 0.02-15 0 [293,468]
WaCioa “He 1 30 [293]
WwC “He 0.20-15 0 [27]
WwC 4He,Xe 0.07-15 30 [293]
W,C1—p D 0.07-0.2 0 [489]
W,C1_ e “He 1 30 [293]
WN N 10 0,45,70 [490]
WO3 O,Ne,Kr 0.05-10 0-85 [36]
WO3 o 0.50-6 0 [36]
W0, o 0.10-5 0 [36]
UF, O,F,Ne | 100,1.2-3 MeV 0 [491]
glasses | *He,N,Ne,Ar,Xe 50, 70, 100 0-60 [429]
minerals | *He,N,Ne,Ar,Xe 50 0-60 [429]
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