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Si /Si3N4 HUL Tl LAYERS 20 nm CRATER EDGE PROFILE 
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Fig. 4a, b: 
Crater edge profiling of a Si,N4 / Si multila yer 
sample with 20 nm single layer thickness 
a) Secondary electron image. Bar= 10 µm. 
b) Auger line scan of Si (92eV) and N(383eV). 
The magnification factor is about 1x103 • The 
interface width is < 6 nm. 
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of the sample holder. These problems may be cir­
cumvented by laser irradiation (Verhoeven, 1979). 
For cleaning purposes, heating is recommended up 
to two-thirds of the melting-point temperature for 
the elements (Musket et al., 1982). However, it 
is restricted to thermally stable materials. 
Heating may often l ead to alterations of the 
sample by segregation of impurities and component 
diffusion from the bulk. On the other hand, 
sputter cleaning by ion bombardment is univer­
sally applicable and is most frequently used. 

A noble gas ion gun is an indispensable part 
of any surface analysis equipment. It is normally 
supplied with high purity argon and directs a 
beam of argon ions, typically between 500 eV and 
5 keV energy, to the surface. Modern ion guns 
provide a focussed beam which can be rastered over 
an area of about 10x10 mm2 • This is normally 
sufficient to cover the whole sample. Energetic 
ion bombardment results in the removal of atoms 
from the first atomic layer by the sputtering 
process. After a sufficiently high ion dose the 
surface contamination/oxide layer is effectively 
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removed. The most efficient cleaning is achieved 
by applying subsequent sputtering / annealing cycles, 
which can also be used to remove segregants like 
oxygen, carbon or sulfur from the bulk (Hofmann 
and Frech, 1985). One disadvantage of sputter 
cleaning is chemical and topographical alteration 
of the surface (Hofmann, 1983). Preferential 
sputtering of one component of an alloy or a com­
pound leads to its depletion in an altered layer 
in the order of the range of the primary ions. Due 
to the angular dependence of the sputtering yield, 
surface roughness is generally increased by 
sputtering. This effect can be minimized by the 
use of bombardment with two ion beams from 
different directions or by sample rotation (Zalar, 
1985). 

Another method of generating clean surfaces 
is cleavage or fracture in-situ. It is only poss­
ible for some materials like alkali halides, sili­
con, germanium, etc., which can be easily cleaved 
along certain cleavage planes, for refractory 
materials, and some non-ductile alloys. Such in­
situ fracture devices are commercially available 
and are generally used to study the composition 
of grain boundaries (see following section). 

Evaporation, sputter deposition or molecular 
beam epitaxy are other in-situ techniques for 
obtaining clean surfaces (Riviere, 1983). 
Thin Film and Interface Analysis 

Depth profiling by sputtering in combination 
with a surface analysis method is a most convenient 
and versatile method to study the composition of 
thin films and interfaces. It can be readily per­
formed after the normal cleaning procedure and 
insertion of the sample into the analysis chamber, 
as described above. A review of this method is 
given by Hofmann (1983). It is particularly use­
ful for layered structure s with interfaces paral­
lel to the surface like oxide films, coatings, 
evaporation layers, etc. Care must be taken to 
ensure a flat crater bottom within the analyzed 
area, which i s important for high depth resolut­
ion. 

Ion bowbardment can also be used for in-situ 
angle lapping to study thin film and interface 
composition. The easiest way to achieve this is 
the method of crater edge profiling (Zalar and 
Hofmann, 1980). If a static ion beam, which 
generally has a Gaussian intensity distribution, 
is directed to a sample surface, the crater depth 
distribution resembles the shape of the ion inten­
sity distribution. It has been shown that the 
mean slope of the crater edge is approximatel y 
given by the ratio of the maximum depth in the 
center divided by half the full width at half 
maximum (FWHM) of the ion beam. This slope can be 
directly measured by using well defined layered 
structures. By line scanning across the crater 
edge a depth erofile is obtained. Magnification 
factors of 10 can be obtained by this method 
(Zalar and Hofmann, 1980). An example of crater 
edge profiling applied to a multilayer Si, Ns/Si 
structure of 20 nm thickness for each l ayer is 
shown in Fig. 4. 

Internal interfaces like grain boundaries in 
metallic materials can be analyzed by surface 
analysis if the material is prone to britt le 
fracture along grain boundaries. Interfacial se­
gregation studies have been performed most often 
by in-situ fracture. 
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A simple fracture device consists of a 
hammer, i.e., a movable part which can be operated 
through bel lows from outside. It can be moved in 
front of a block with a U-shaped sl it. The free 
end of a rod-shaped sample with a notch is put in 
this s l it by means of the sample manipul ator. The 
block prevents the latter from the shock force 
when the sample is broken by the hammer. More 
elaborate devices for fracture in UHV are de­
scribed in the literature (Dudek and Borath, 
1985). 

Summary and Conclusions 

Preparations of samples for surface and 
interface analysis with surface sensitive tech­
niques can be divided in two types: ex-situ 
methods before insertion and in-situ methods after 
insertion of the sample into the analysis chamber. 
Whereas the former are rather conventional methods 
of preparation, like grinding and polishing, the 
latter rely on special techniques like ion sput­
tering, cleavage and fracture. Typical for sur­
face analysis, which is performed under ultrahigh 
vacuum, is the requirement of careful decontamin­
ation of the sample. Often a laborious transfer 
from a pretreatment chamber to the analysis vessel 
is necessary to ensure the avoidance of air ex­
posure. The reliability and accuracy of surface 
analysis are decisively dependent on a careful 
and ingenious sample preparation. 
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Discussion with Reviewers 

K.A. Gaugler: Please comment on the horizontal 
l ines appearing in the micrograph in figure 4a, 
and comment on their relationship to the apparent­
ly rising baseline for the Si (dashed line) and 
the apparently falling peak values for N (sol id 
l ine). 
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L.B. Church: In Figure 4b: a) Why is the N to 
s, peak to background ratio >7 for the entire 
line scan? b) Why does this ratio decrease across 
the line? 
Author: The horizontal lines in Fig. 4a are the 
traces of the electron beam during line scanning. 
They are generally ascribed to alterations of the 
secondary emission caused by electron stimulated 
chemical effects like decomposition or desorption 
of adsorbed residual gas components. Fig. 4b: The 
measured Si(92eV)-signal (dashed line) refers 
only to elemental silicon, whereas in the silicon 
nitride regions the Si peak is shifted by about 
-3eV. Therefore, the Si(92eV)-signal is highly 
sensitive to slight background and/or energy 
changes in the nitride layers. The apparent rise 
of the Si(92eV) baseline is probably caused by the 
changing backscattering contribution from left to 
right, i.e., with decreasing number of nitride 
layers above the silicon substrate. The higher 
energy N(383eV)-signal is less prone to such 
slight alterations and its maxima and minima are 
approximately constant within the limits of error. 
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