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Abstract:  

E-beam lithography is the most used pattern generation technique for academic and research prototyping. 
During this patterning by e-beam into resist layer, several effects occur which change the resolution  
of intended patterns [1]. Proximity effect is the dominant one which causes that patterning areas adjacent 
to the beam incidence point are exposed due to electron scattering effects in solid state [2]. This contribution 
deals with Monte Carlo simulation of proximity effect for various accelerating beam voltage (15 kV, 50 kV, 
100 kV), typically used in e-beam writers. Proximity effect simulation were carried out in free software Casino 
and commercial software MCS Control Center, where each of electron  trajectory can be simulated 
(modeled). The radial density of absorbed energy is calculated for PMMA resist with various settings of resist 
thickness and substrate material. At the end, coefficients of proximity effect function were calculated 
for beam energy of 15 keV, 50 keV and 100 keV which is  desirable for proximity effect correction. 
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1. INTRODUCTION  

Nowadays, e-beam writing technology is a method for creating very fine patterns in academic  and research 
prototyping. This method is based on the interaction of focused electron beam with resist layer (polymer 
material) deposited in most cases on silicon wafer. During the writing, the scatering effects affecting the final 
pattern occur. First is forward scattering due to this the initial beam diameter is broaden. The broadening 
of the beam is given empiracally and it can be minimized by using the highest possible accelerating voltage. 
Second one is backsacttering where the electrons undergo large angle scattering angle events.The result 
of scattering effects is that areas nearby from beam incidence point are exposed or isolated patterns lose 
much of dose. The combination of this scattering effects is called proximity effect and can be described 
by two Gaussian distribution of absorbed energy in resist layer. This contribution deals with another aproach 
which is Monte Carlo simulation of each individual electron trajectory penetrating the resist layer and 
substrate [3]. The density of absorbed energy in resist can be modeled for various acellerating voltages, 
various resist material and thicknesses. Parameter of backscattered electrons is calculated from simulated 
trajectories which can be implemented in Gaussian model to prevent proximity effect which is desirable 
for pattern generation in high resolution [4]. 

2. MONTE CARLO SIMULATION 

2.1  CASINO software 

This software enables simulations of individual electron trajectories for various settings of thicknesses, 
materials and beam voltages. The trajectories of 200 primary electrons projected onto x-z plane for beam 
voltage of 15 and 100 kV and PMMA thickness of 500 nm are shown in Fig.1 and Fig. 2.  
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Fig. 1: Simulated trajectories of 200 electrons in PMMA layer (500 nm) on silicon for beam voltage 15 kV. 

 

 

Fig. 2: Simulated trajectories of 200 electrons in PMMA layer (500 nm) on silicon for beam voltage 100 kV. 

As obvious, the penetration depth of electrons into substrate material is higher for higher beam voltage, 
accordingly this the using of higher beam voltage is one possibility of proximity effect compensation. 
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CASINO software allows to calculate radial density of absorbed energy in PMMA and substrate (Fig.3) but 
due to complicated data export into graph, software MCS Control Center, described in next section, was 
used.  

 

Fig.3: Equienergy density contours for beam voltage of 15 kV and PMMA thickness of 500 nm. 

2.2  MCS Control Center software 

Comercial software MCS Control Center is more complex and it allows to calculate radial density 
of absorbed energy and proximity effect parameters for various materials, the thicknesses of material and 
beam voltages. The values of proximity effect parameters are listed in Table 1, these parameters can be 

exploited in proximity effect corection [5]. The parameter β is bigger for higher beam voltage it means that 

using higher beam voltage is preferable for pattern generation with high resolution. The parameter α remains 
constant for all beam voltages and PMMA thicknesses. Figure 4 shows the radial distribution of absorbed 
energy calculated with 1 000 000 electrons for beam voltages of 15 and 100 kV and PMMA thicknesses 
of 500 nm.  

Table 1: Proximity effect parameters 

                                     beam voltage [kV] 

PMMA thickness [nm] 

15 kV 50 kV 100 kV 

 

50 

α = 0,002 µm 

β = 1,069 µm 

α = 0,002 µm 

β = 9,147 µm 

α = 0,002 µm 

β = 32,665 µm 

 

500 

α = 0,002 µm 

β = 1,376 µm 

α = 0,002 µm 

β = 9,369 µm 

α = 0,002 µm 

β = 32,765 µm 
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Fig. 4: Radial distribution of absorbed energy in material 15 kV – top, 100 kV – bottom.  

3.  CONCLUSION 

Monte Carlo simulation in two different softwares were carried out. The radial density of absorbed energy 
in PMMA and substrate was calculated for various beam voltages and PMMA thicknesses. Proximity effect 
parameters for double Gaussian function were determined. 
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