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A self-energy approach to the energy loss in STEM 
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Abstract. From a selfenergy approach, a general expression for the energy loss probability in 
scanning uansmission elemon microscopy is derived. As an application, the coupling between 
a small paticle and the supporting surface i s  sludied. 

In recent years scanning transmission electron microscopy (STEM) has proved to be useful 
in the study of the behaviour of microstructures. In particular, small particles (10-100 A) 
have attracted increasing interest due to their applications in catalysis and microelectronics. 
This problem has been widely studied both experimentally and theoretically [l-101. 

The probability P(o) of losing energy o is related to the energy loss rate y experienced 
by the particle. This quantity is given by the imaginary part of the particle self-energy EO; 
y = - 2 h E 0  (we use atomic units). 

In the pair approximation [lO,ll], CO can be written in terms of the Green function 
C(r ,  T', o) and the retarded screened interaction W(T,  r', w).  It has been shown that 
for STEM energy loss problems, a local dielectric function provides a good description 
of the excitations of the target [12]. The screened interaction W ( r ,  T',  w )  is the solution of 
Poisson's equation for a unit charge at rest at r'. 

The averaeed self-enerw of the incomine electron is eiven bv 

where 00, @? are the initial and final wave functions of the probe and EO and Er the 
corresponding values of the energy [13]. q is a positive infinitesimal. 

We now apply the above expression to the case of a well focused STEM beam parallel 
to the x axis, crossing at impact parameter b from the target. In this case we obtain 

where the function W ( r ,  T', U )  is evaluated at the trajectory T = (b, x). This expression 
leads to the known formulae for simple targets such as films, cylinders or spheres, and is 
very useful to study more complicated geometries. 

We apply this expression to compute the energy loss probability corresponding to a 
small particle coupled with an infinite planar surface. In this case the screened interaction 
in the region where the electron is moving can be Written as follows 

Here qfm = 1 (L + m even) or EZ(W)/EI(W) (I + m odd): r ,  and rc are, respectively, the 
largest and the smallest of r and r', and f i m  are the Legendre functions. The first term 
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of the sum in equation (3) corresponds to the combined effect of the Coulomb direct term 
and that induced by the image charge on the plane. This term leads to the well known 
expression for the stopping power of a particle moving close to a plane [ 141. The second 
term in this expression gives the contribution of the small spherical particle to the induced 
field. The contribution of this term to the energy loss probability is 

x cos(w/u)(x - x')  + cosm(qqx) t ,$(x')) cos(w/u)(x + x' ) ]  (4) 
where S,,,o is the Kronecker delta. The polar coordinates @(x) and ~ ( x )  are evaluated on 
the electron trajectory. 

We have evaluated expression (4) for the case of an AI sphere half embedded in a planar 
interface. In figure 1 we show the energy loss spectrum when the support is AI and AIF3. 
Experimental values of E @ )  have been used [15]. 
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F i w  1. EEL spectra corresponding to a IO nm AI 
sphere half-embedded in AI (- . -) and in AIF3 
(- - -). In both cases the beam crases at grazing 
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5 7 9 1' m (ev) incidence close to the top of the sphere. 

In the region of 8-10 eV the calculated spectra are similar to the spechum corresponding 
to an isolated sphere. The main effect of the metallic support is to give rise to a new 
resonance at 6.8 eV, which occurs neither for the insulator support nor for the isolated 
sphere. Batson 131 has reported experimental EEL spectra for A1 spheres supported by 
another larger sphere, showing one new resonance which did not occur when the support 
was an insulator. The dependence of this effect on the nature of the support agrees with 
OUT results. 
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