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This paper describes the backscattering correction for Auger quantitative surface analysis. The energy 
and electron incident angle dependence of backscattering coefficient for 10 elemental solids (Be, B, C, Al, 
Si, Cu, Zr, Ag, La, Au) were investigated using Monte Carlo (MC) simulations. In conclusions, the back-
scattering coefficient  at incident angle  could be described as 
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where 0 is the backscattering coefficient at incident angle 0 . The Love-Scott equation [J. Phys. D 11, 106 
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(1978)] for 0 was superior to the others in wide incident energy range. Using these backscattering coeffi-
cient equations, we have proposed an improved equation for backscattering correction in Auger electron 
spectroscopy, which can be used for wide incident energy range (3-30 keV) and incident angles (0-60 ).
The parameters in the equation were determined from the curve fit to the backscattering factors at normal 
incident angle in the 3, 5, 7.5 and 10 keV electron incident energy calculated by Ichimura-Shizimu [Surf. 
Sci. 112, 386 (1981)] with MC method. The root mean square (RMS) differences for backscattering factors 
for 10 elemental solids calculated by Monte Carlo method using continuous slowing down approximation 
and those from proposed equation were less 3% in the 10-30 keV (over-voltage ratio U=1.5-100 and inci-
dent angle =0-60 ). In the 3-10 keV energy range, we have also compared the proposed equation to the 
calculated values at incident angle 30 and 45  by Ichimura-Shimizu with MC method. We found that they 
coincide well each other. Then, the proposed equation for backscattering correction could be applied to the 
quantitative Auger analysis in wide analytical conditions. 
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Table 1 Comparison of backscattering coefficient. 

Incident energy(keV) 25.2 17.3 11 

Element MC* EXP** MC* EXP** MC* EXP** 

Al 0.158 0.151 0.160 0.159 0.176 0.171 

Cu 0.310 0.307 0.326 0.310 0.331 0.310 
*Monte Carlo method 
**Experimental value [15] 
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Fig. 1. Electron backscattering coefficient  at 10 keV elec-
trons for 10 elemental solids (B, C, Al, Si, Ti, Cu, Zr, Ag, La, 
and Au) as functions of electron incident angle. The  values 
were calculated from Monte Carlo simulation using continuous 
slowing down approximation.  

Fig. 2. Electron backscattering coefficient  at 20 keV elec-
trons for 10 elemental solids as functions of electron incident 
angle. See caption to Fig. 1. 

Fig. 3. Electron backscattering coefficient  at 30 keV elec-
trons for 10 elemental solids as functions of electron incident 
angle. See caption to Fig. 1. 

Fig. 4. Curve fit results of A values in =A( 0/A)cos  [equation 
(8)] from the data in Figs. 1-3 as a function of backscattering 
coefficient 0 at normal incident angle.  means the incident 
angle from surface normal. Solid line shows A=0.01 0

-1.1+0.84 
[equation (9)]. 
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Fig. 5. Mean and median values of backscattered electron for 
10 elemental solids at 10, 20, and 30 keV incident electron 
energy versus backscattering coefficient . Open squares and 
circles show the ratios of mean value of backscattered electron 
to incident energy and the ratios of median value of backscat-
tered electron to incident energy Em /E0, respectively. The solid 
line shows the curve fit results [eqs. (12) and (13)]. 
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Fig. 6. Curve fit results of equations (17), (18a), and (18b) to the backscattering factors at normal incident angle calculated from MC 
method by Ichimura-Shimizu [4]. The parameter a and b are described by 
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where U is the over-voltage ratio. The constants in the above equations were determined from the curve fits. The solid line shows the 
curve fit results. Solid marks were cited from Ichimura-Shimizu [4]; : Eb=0.1 keV, : Eb=0.5 keV, : Eb=1.0 keV, : Eb=2.0 
keV. 
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Fig. 7. Comparison of calculated backscattering factors at 30  incident angle with MC method by Ichimura-Shimizu [4] and those 
from the proposed equations for R [Eqs. (20)-(20g)]. The data of : Eb=0.1 keV, :Eb= 0.5 keV, : Eb=1.0 keV, and : Eb=2.0 
keV are cited from Ichimura-Shimizu [4]. Solid line shows the calculated values from equations (20) and (20a-g). 
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Fig. 8.  Comparison of calculated backscattering factors at 45  incident angle with MC method by Ichimura-Shimizu [4] and those 
from the proposed equations for R [Eqs. (20)-(20g)]. The data of : Eb=0.1 keV, :Eb= 0.5 keV, : Eb=1.0 keV, and : Eb=2.0 
keV are cited from Ichimura-Shimizu [4]. Solid line shows the calculated values from equations (20) and (20a-g). 
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