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In electron beam lithography, creating high-fidelity patterns is essential for 

the realization of mechanical, electrical, and optical devices with functionalities 

unique to the nano-scale. E-beam lithography relies on the direct write dose and a 

precise understanding of the backscattered dose contribution, determined by the 

geometrical distribution, , and intensity, , of backscattered electrons from the 

substrate
1
. However, predictive models for these parameters do not exist for 

general substrates. Here, we report on the development of universal curves to 

predict the range and the intensity of backscattered electrons from the density and 

atomic number of a solid material, respectively, using a new experimental method 

called Hybrid Amplified Backscatter Resist Exposure (HABRE). This method 

combines two key elements, (i) Hybridization of direct write dose and backscatter 

dose and (ii) Amplification of backscatter dose contribution using a self-

reinforcing pattern geometry. Using electron beam lithography, we control the 

number and position of electrons incident on the material surface. We use an 

electron sensitive polymer to measure the dose provided by backscattered 

electrons to a nano-scale volume on the surface of the material at various 

distances from the electron source. From data collected using the HABRE method 

on several homogenous materials, we present an analytical relationship to predict 

the range of backscattered electrons as a function of the density of the material 

(Fig. 1). This relationship achieves good agreement with a simple model using a 

single scattering event and an electron transmission function derived from 

available Monte Carlo simulations
2
. We also present an analytical relationship to 

predict the absolute intensity of backscattered electrons as a function of the 

atomic number of the material (Fig. 2). 
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Figure 1 Backscatter range for the 5 measured materials as an inverse function of material density. 
Included are calculations of backscatter range from 2 Monte Carlo simulations, using electron 
transmission data from an external source (Calculation 1) and an internal code (Calculation 2). 
Uncertainties of the data are encapsulated in the size of the data points. 

 

Figure 2 Values of  for the materials used in this experiment plotted as a function of the atomic number 
of the material. This relationship is represented by a saturating exponential function which can be used to 

predict values of  for different materials that were not measured here. Uncertainties of the data are 
encapsulated in the size of the data points. 

Use of the Center for Nanoscale Materials was supported by the U. S. Department of Energy, Office of Science, Office of Basic Energy Sciences, under contract 

No. DE-AC02-06CH11357. 

The submitted manuscript has been created by UChicago Argonne, LLC, Operator of Argonne National Laboratory (“Argonne”).  Argonne, a U.S. Department of 

Energy Office of Science laboratory, is operated under Contract No. DE-AC02-06CH11357.  The U.S. Government retains for itself, and others acting on its behalf, 

a paid-up nonexclusive, irrevocable worldwide license in said article to reproduce, prepare derivative works, distribute copies to the public, and perform publicly 

and display publicly, by or on behalf of the Government. 

𝛽 =
𝑎1

𝜌
− 𝑎2  

=material density 

a1=7.65 x 10-3 g/cm2 

a2=1.36 m 

𝜂 = ℎ1𝑒
 −𝑍 ℎ2    

=atomic number 

h1=1.73 

h2=14.9 


