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Figure 1) The basic experimental arrangzmentc fir+|.u.clea: backsecat-
E.erinq iz shown. The incident beam is usually "H ({(200-400 keV) or
Ha (1-3 Me¥). HMost of the beam penetr:izes deep into the sample.

A few ions undergo a large-angle collisiza with rarget nueclei and
come back out of the sample. They are d:atected Ly a surface-barrier
detector, which also can determine each -ackscattered ion's energy
to bettar than 1%. The target shown is 2 thin metal layer ¢n &
substrata of silicon. This target will == ysed for an sxample
throughout this chapter.
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Figure 2) The primary effect in nuclear backscattering is conser-
vation of momentum. This effect provides a correlation between the
final backscattered ion energy and the mass of cthe target nucleus
it hit. The upper drawing illustrates that if the ion hits a very
heavy target nucleus, this nucleus will absorb little energy, and
the backscattered ion will retain most of its original energy. In
the lowest figure it is sheown that if the ion backscatters from a
light target nucleus, most of its energy will be transf{:rr:d to
that nueleus (to consarve momentum), and the backscattered ion will
retain only a small part of its original energy.
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igure 3) The experimental arrangement of nuclear backscattering

3 shown in the upper right of the figure. Because of conservation
£ gomgntum the backscattered ion (the projectile ion is assumed to
e “He' ) will lose energy to the target nucleus it hits. The

mount of energy retained by the backscattered ion varies with
arget nuclear mass as shown in the upper left inset. The spectrum
£ final ion energies is shown in the bottom figure for various
arget materials (E_ is the original ion energy). &s the ion pene--
rates the film it foses small amcunts of energy to the slectron

ea of the target. These small energy losses act to spread out

ach £ilm spectrum se that ions scattering from deeper in each film
; as counts at slightly lower encrgy. Thus cach peak directly
iives a profile of target element concantration Versus depth, with
he surface being on the high energy side of each peak, and lower
:nergy counts goming from below the surface.
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Figure 4) Raw data is shown for He ion backscattering from a tar-
get of a metal fi {HF) on a Si substrate. The Hf peak occurs at
high energy since He ions backscattering from Hf retains 91% of
their original energy. This peak width indicates a Hf layer width
of .16 pm. The peak is flat topped indicating a uniform layer. At
lower energies there are two small peaks of Z2r and Ar. The 2Zr is
nacurally present in Hf to about 3% since it can not be extracted
chemically. The Ar is present because the Hf layer was sputtered
and Ar was incorporated from the sputtering ambient. The tilt to
the Ar peak indicates it is not uniform in the film. At the lowest
energy in the figure is the 5i substrate peak. This spectrum Was
accummulated in about 10 minutes.
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Figure 3) Simplified spectra are shown for Hf on Si (solid lines).
~nd for HESL on Si (dashed lines). The #f peak changes with the
formation of HESi as the Hf is reduced in density by the 5i, and
the Hf layer becemes thisker, The 5i Iiu‘:!xrnte peak originally is
displacad below its surface arrow becauss He ions must penctrate
through the Hf film to reach the 8i. The 5i peak is offssc to
lower energy by about the width of the HZ peak. With the formation
af HEfSi, there is 5i up to the S5i surface arrow.
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Figure &) Raw data is shown for three superimposed spectra: HE

on Si; HESL on Si; and HESi, on Si. The Hf peak gets lower and
wider as expected from the éiscussion of Figure 5. The original

Si peak is displaced from the 51 surface; but with the two silicides
it is found at the surface. In each case, the expsrimental running
time was 10 minutes.
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Figure 7) Simplified cepresentation of szectra showing orne forma-
tion process for HfSi. The upper left imset shows the assumption
of HfSi formatien at tha interface of the Hf and Si materials. The
Hfsi layer expands as the formaticn centinues, until the HE is
sntirely converted. The Hf peak remains =t full height near its
surface energy, but at some depth it drozs abruptly to the diluted
level of Hf in HESi. The Si substrate is originally lower than the
§i surface energy because it is covered with Hf. As the HfSi ‘orma-
tion process continues the Si exrends cut cowaris the 5i surface.
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Figucre B8) The raw data frem the HE portion of a series of spectr=
are shown. HfSi is first forming at the deepest part of the HE
layer, and this conversion of HE to Hf51i continues as the sample
is heated for lenger times. The energy width, AW, indicates the
amount of HESL formed.
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Figure 9) The value of AW from Figure 8 is plotted against the
square root of the heat treatment time, t, for several targets.
From this curve we can calculate the diffusion constant of the

reaction.
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Figure 101 Further analysis of the kinetics of the formation of RESE &8 possible by losking at the
Zr and Ar posks (see Figure 4). Showm in the upper pact are superimposed spectra of tha HE ard ZIr
peaks in the original target, and alter complete formation of the HESLE layer. The ¥ peak is di-
Juted in o manner similar to the WP peak, indicating that they both undergs similar kinetic shangas.
The lower part shows thie HISi only partly formed, and the Sr peak clearly hag a partially diluted
penk shape identical to the HE peak. One explanation is that the 5i diffuses through the pra=
vigusly Eormed IE3E and dilutes the pure Zr ard HE in similar masnor in the Formation of oew HES1,
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Figure 11) A second possible manner of compound formation is
wreaction-limited" (this should be compared to n"diffusion=-limited"
shown in Figure 7). We assume here that the Si diffuses very rapidly
along the grain boundaries, but reacts slowly with the Hf grains
forming HESi. The intermedia-e spectra are different from those of
Figure 7, identifying the differences in compound foermation kinetics.
Kote that Si is found all the way at the surface after the shortest
heat treatment. Also the Hf peak is immediately diluted in a manner
uniform with deprh.
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Figure 12) Furcher heat treatment of the HISi layer causes thea
formation of HESi. . Shown are superimposed spectra of the Hf peak
from several salnpies showing that the intermediate stages of the
conversion of Hf5i o HESL  is similar to the “reaction limited"
type described in Figure 1I. The fact that all intermediate lovels
occur with identical heat treatment reflscts possibly the sensitivity
of the reaetion to local stress in the HESi film, ‘The S portion of
these spectra are similar o the 5i peaks illustrated in Figure 1l.
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Figure 13) The inrerdiffusion of two thin metal films is shown for
Au and Ni en S§i0.. The upper spectrun is from the original target
showing the relationship of the varicus target peaks. Note the
Expanded Scale notation (between the HNi ard Au p=aks) which is shown
between the upper and lewer drawings. The lower jrawing expands
this region, and shows superimpossd spectra for -aricus heat trezted
targets. The Ni up-diffusion and rhe Au down-diffusion are clearl:
shown.
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igure 14) By tilting a target of Fe/Au the beam penetrates a
nicker target. This expands the region of interest between the two
ilms. The ordinate of the spectrum has been converted to atomic
earcent of Fe in Au, and Au in Fe, so that concentration profiles

an be directly read.
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igure 16) Compariscn of the reccil energy ¢f 4He ions scattering
rom various targets at various laboratory anglss. In order te
gparate elements of similar mass, the scattering should be at 3
ack angle. This figure is reprcduced from Ref. 20.
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kinemalischer Fakior K

Abb 11.2

Kinematischer Faktor K als
Funktion des Massenverhilt-
nisses M/Mp fiir verschie-
dene Streuwinkel
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Abb. 113 Kinematischer Faktor fiir # = 170° in Abhangjgkeit von der Targetmasse M
fiir verschiedene Projektile. Fiir Mqp < Mp gibt es keine Ruckstreuung



_(Ohc?fd ﬁéket&_ﬁe‘se at agq_&m

AE  4TZ7e" Zmel® , (1 0t u?
s RS 2N |4n o b (+-%) E_z]

dx me U-Z

M = eleletrontomes

B e‘Hfli’; B c?ch

J » ar (on Sgégﬂg‘?g_

LI~ M5 2, (eV)

0

U&= a delativistilus tagsle elhangagolhatsl
(1) LE &M, c? eselen:

. Y
o x vt E

E 2500 <I7 alatt new ervéuyes!
s k&lessuhatds g9t gt lsdc ¥ olelromollaf
A nl kledis (Pu{'hww- ) 7267As

Ceven Shele, veapiletel eselen: silwzstt atley

(4




102:-*

Bremsvermogen (eV/nm)

10! | e
1073 1072 i1 10° 10! 102
e-Energie (MeV)

Abb. 11.5 Bremsvermégen fiir 4He-Projektile in Silizium als Funktion der Projekul-
energie. Die durchgezogenc Linie gibt den Verlauf der experimentellen
Daten wieder (ZIE 77). Die gestrichelt Kurve wurde nach Bethe-Bloch (Gl
(11.10)) berechnet
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Figure 15) Comparison of 3i2% (94e, YHe) si?® experimental elastic
Cross .ections to Rutherford cross-sections fineluding meccil terms)
for several angles. All angles and cross-sections are in cénter-of-
mass coordinates. Actual data points were in steps of ; keV and
were replaced by smooth curves. This data was supplied by
McEllistrem and Leung (Ref. 19) who are :onducting a complete low
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