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" Ernest Rutherford (18711937, Eng-

i land). Founder of nuclear physies, he

. is known for his ploneenng work on

i alpha-particle scattering and radioac-
; uve decays. His inspiring leadership in-
- fluenced a generation of British nuclear
' and atomic scientists.
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FIGURE 6.9 Scattering geometry for
many atoms, For impact parameter b,

the scattering angle is 6. If the particle
enters the atom within the disc of area
- zb? its scartering angle will be larger
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FIGURE 6.15 The dependence of scattering rate og the scatrer-
ing angle ¢, using a gold foil. The sin— (8/2} dependence is ex-
actly as predicted by the Rutherford formula
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FIGURE 6.13 The dependence of scattering rate on the nuclear I FIGURE 6.14 The Fiep:cndence of scat-
charge Z for foils of different materials. The data are plorted ' tering rate on the kinetic enexgy of the
againgst 72, . incident alpha particles for scattering

by a single foil. Note the log-log scale;
. the slope of —2 shows that log N =

' R 155 " ~2log K, or N « K-%, as expected from
N . £ * the Rutherford formula.
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Fig. 4.33. Sectional view of a surface with relaxation d- of the topmost atomic
laver showing high-energy ion scattering shadow or blocking cones for incidence
along two bulk channelling directions [4.27]
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Fig. 4.35. lon backscattering yield spectra of 1.4-MeV He™ from a GaAs(100)
surface along a “random” non-channeling direction and along the surface normal
{100), amplified by a factor of 5 [4.29)
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Fig. 4.36z—e. Qualitative overview of some applications of ion backscattering and
the corresponding spectra N(E): (a) Scattering from an ideal clean crystal surface
under channeling conditions. The backscattering spectrum (dashed curve) consists
of a surface peak due to scattering on the topmost atorgic layer and a low Intensigy
plateau at lower kinetic energies which arises from scattering events deep in the
bulk. (b) Scatlering on a reconstructed surface causes a considerable increase of the
i surface peak (up to double intensity) in comparison with the ideal surface spectrum
(dashed curve). The second atomic plane contributes to the scattering events due
to incomplete shadowing. (c) For a relaxed surface, non-normal incidence under
) channeling conditions ceuses a similar inteosity increase of the surface peak due
' %0 incomplete shadowing (dashed curve: spectrum of unrelaxed ideal surface). (d)
j Scattering on an ideal surface covered with an adsorbate overlayer under channeling
conditions. The adsorbate layer gives rise to a second suriace peak (shaded) due
to scattering on atoms with different mass. Due to shadowing, the original surface
i peak (dashed curve) is reduced in intensity. (e) Scattering on a crystal covered with
an amorphous overlayer gives rise to 2 broad plateau instead of 2 sharp surface °
peak. Many atoms out of registry contribute to the scattering in deeper layers. For
. comparison, the dashed line shows the spectrum for scattering on an ideal crystal
surface [4.25]

L;,;JQ-L‘P’ 205



A &@9#(4 SCQ\{ CEn Qigc lo.:: mﬁ@\d_% \{-‘Lxe
energy gcale USTY i odbie neakscal M%’L&()

Fig. 4.37. Backscattering channeling
spectxrum (ion yield versus kinetic en-
ergy) of a 4000-A thick amorphous Si-
layer on top of a Si(100) surface. The
specirum was obtained under channel-
ing conditions with 2-MeV *He ions (in-
set). Using a mathematical model for the
Rutherford backscattering processes, the
energy scale is converted inte a depth
scale (upper abscissa). For comparison,
the spectra of the Si surface before amor-
phization are alsc given, for channel-

BACKSCATTERING YIELD(rormalized cauntst

0 -+ 0 " - 12 ing conditions by the dashed line, and
0w 08 o ’ for “random™ conditions by the full line
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- Fig. 4.38. Angular dependence of
the backscattering yield around the
channeling direction (tilt angle A8 =
0) for 1.8 MeV He ions on 2 Si-
film, which is doped with 1.5 -
10°* As atoms/cm®. The angular de-

0= T T T T T pendence of the Si and of the As
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ions on a 8i film, into which 5-10'* Yb atoms/cm?
are implanted (60 keV, 450°C). The Si signal (4)
is compared with the Yb signal (o) [4.3]]
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