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ABSTRACT 

Starting from a simple diffusion theory extended to oblique 
angles of incidence some empirical correction coefficients for 
electron backscattering have been found. These empirical co
efficients have been used in calculations of backscattered 
electron surface density distribution, and good agreement 
with experimental data has been obtained. 
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INTRODUCTION 

Several theoretical and phenomenological approaches 
have been used for investigations of electron penetration into 
solid targets and the backscattering effects. Exact theoretical 
treatment of backscattering is very complicated. The best 
results have been obtained by means of Monte Carlo meth
ods. These numerical methods are extremely laborious and 
require numerical evaluation for each particular case . There
fore, a simple and sufficiently accurate description of elec
tron scattering in solids may be useful for many situation s. 
One of the most simplified treatments is the diffusion sphere 
approach of Archard (1961) and modifications of his model 
by Tomlin (1963) and Kanaya and Okayama (1972). These 
theories are concerned with the backscattering coefficient at 
normal incidence. There were also attempts to extend the dif 
fusion sphere approach. Radzimski (1978) obtained an equa
tion for the backscattering coefficie nt as a function of angle 
of incidence. 

The theoretical treatment s of electro n back scattering using 
the diffu sion sphere model s, apa rt from their simplicity, do 
not give accurate quantitative values for the backscattering 
coefficient. The results of Radz imski's work, based entire
ly on the Kanaya and Okayama theor y, also fail when ap
plied to a wide range of atomic numbers . There is very little 
hope that the diffu sion model could be successfully used for 
accurate calculation of the backscattering parameters with
out major modifications. However, close examination of the 
results of Radzimski compared with experimental results 
indicates that introduction of proper empirical correction 
factors may be promising . 

This work presents an attempt to improve the diffusion 
model by means of empirical coefficients and to apply this 
improved model for estimation of the backscattering coeffi
cient for various angles of incidence using the Radzimski for
mula and also for calculation of the surface distribution of 
backscattered electrons . 

BACKSCATTERING FOR VARIOUS 
ANGLES OF INCIDENCE 

Radzimski (1978) presented an extension of the Kanaya 
and Okayama (1972) theory for backscattering coefficient 
118 as a function of incidence angle, ex. He obtained a for
mula similar to that of Bruinning used for secondary elec
trons (Darlington, 1975). 
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(1) 

where 770 is the backscattering coefficent at normal incidence 
and 

Ye 
Ao= 'Ys __ _ 

1 - Ye 
(2) 

the parameter -y8 = n-y is the absorption coefficient for back
scattered electrons, 

-y = 0.187 Z 213 is the absorption coefficient for forward 
scattered electrons, 

n = 1.9 is coefficient, Yo = x8 I R is the reduced maximum 
energy dissipation depth, and R is the electron range 
derived from the energy-loss equation 

R 
A•E 5 13 

5.025 x IO - 12 ---

Q •A s• z8 ! 9 
(3) 

where A is atomic weight, Z is atomic number, Eis the initial 
electron energy in eV, Q is the target density in gcm -3 and >-., 
= 0. 182 is an empirical constant. 

The maximum energy dissipation depth is given by the for
mula 

X = e 

R {I + 2-y - 0.21-y2) 

2(1+-y) 2 
(4) 

The maximum energy dissipation depth has been taken by 
Kanaya and Okayama (1972) as the depth of the diffusion 
sphere centre instead of the diffusion depth as in the Archard 
(1961) model. 

Equation (1) undere st imates the experimental results in the 
region of low ato mic numbers and overestimates the results 
for the high values of Z up to 100% . Radzimski suggested 
that a better agreement sho uld be obtained if the values of x 8 
and -y8 were properly modified. Similar suggestion s were 
made also by Neubert and Rogaschew ski (1980) . Following 
the se sugges tion s an empirical formula for 'YB has been found 

'YB = k-y 

where k = (Z)(SO I Z ' ) 

(5) 

and subsequently a formula for corrected depth of diffusion 
sphere centre xRc 

x RC = 2.558 • R • [ 1 - exp ( - (0.5 + 0. 1 Z) ) ] 
2 

(~)2 
2 2n 

(6) 

The value of k for Al (Z = 13) is 3.367 and for U (Z = 92) is 
1.043 . In Fig . 1, the values for A0 calculated from equation 
(2) using XRc/ R and k instead of y 0 and n are compared 
with those calculated from experimental results using equa
tion ()). It should be noted that equations (2) with (5) and 
(6) give very good values of A0 in the entire range of atomic 
numbers above Z=IO. Values of 778 (0::) calculated from 
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equations (1), (2), (5) and (6) co mpared with experimental 
results a re shown in Fig . 2. The differences between calculat
ed and experimental values do not exceed a few percent. 

SURF ACE DISTRIBUTION OF BACKSCATTERED 
ELECTRONS 

The model for the se calculations is ba sed on that proposed 
by Kanaya and Okayama (1972) with corrections described in 
the previous sectio n, i.e., the centre of the diffusion sphere is 
located at the depth xRc (Fig. 3). The basic assumption is 
that the surface den sity distribution of backscattered elec
trons is the result of intersection of the sp here by the surface 
plane and the scattered electrons obey an exponential absorp
tion law. Thus the electron density on the sp here surface is 

d 77 8 
-- = F (x Rc) = B exp ( - µXRc) (7) 
d0 

where Bis the den sity of scat tered electrons on the surface of 
sp here with radiu s xRc in the absence of absorp tion of elec
trons, 0 is the coordinate, andµ is the linear absorption coef
ficient. 

An increase of spher e radiu s means a decrease of surface 
den sity due to the increa sed area of the sphere surface and 
also because of the increased thickness of th e target material 
to be passed through . If the incr eased sphere radiu s is x, then 

X RC 
F (x) = F (x RC) • ( -- ) 

2 
exp ( - ux) (8) 

X 

We are inter ested in the surfa ce distribution of the backscat
tered electron density which may be found as a result of 
intersection of a sequence of concen tri c spheres by the sur
face plane . A suit ab le relation may be found from simple 
geometrica l calcu lati ons: 

(9) 

For regular spheres with a uniform surface density distribu
tion of electrons m = 3/2. However, it has been found that 
the best fit may be obtained for 

and 

5.34 
m = --- -- ---

µ 

Z 213 (0.23 + r/R) 

k(l+-y) 

R 
(11) 

Theoretical results compared with some experimental data 
are shown in Fig. 4. 

DISCUSSION 

Comparison of the experimental and theoretical results 
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Fig. l. Parameter A0 vs atomic number (solid line) calculat

ed from equations (2) using (5) and (6) compared 
with values of A0 calculated from experimental data. 
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Fig. 3. Model for calculation of the surface distribution of 
-- the backscattered density. 

Fig. 4. Relative surf ace densit y of backscattered electrons 
-- with various distance f from the point of incidence 

(solid line) compared with experimental results of 
Heidenreich and Thompson (1973) and Kisza et al. 
(1981). 
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Fig. 2. fn 'lb/ 1/o vs angle of incidence (solid line) compared 
with the data of Neubert and Roga schewski (1980) 
for Al, and Radzimski (1978) for Cu, Mo, Ta and U. 
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show s a good agreement in both of the cases considered. It 
should be noted that in two entirely different problems the 
same empirical formulas for xRc and k have been used. It 
doe s not mean that such a simple diffusion model gives a 
good qualitative idea of the phy sical process. However, the 
exponent min equation (9) may have so me physical meaning. 
For a regular sphere with uniform electron density distribu-
tion on its surf ace, the value of m should be 3/2. Deviation 
from this value may be considered as non-uniform density 
distribution on the sphere surface . This may explain why the 
ba ckscatte ring coefficient calculated with the diffusion 
model doe s not agree with exper imen ta l values for both high 
and low atomic numbers of elements. 
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