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ABSRACT 

Investigations into the lithography applications using MeV protons and alpha particles are being 

performed at the Ion Beam Centre of the University of Surrey, UK. This is a new application of the 

microbeam in this laboratory, resulting in new sample preparation and after-irradiation treatment 

facilities being installed. 

Proton beam lithography has been carried out on several materials: The first microstructures were made 

on bulk polymers, to test the performance of our beam. Photosensitive glasses have also been 

micropatterned with successful results and more recently, proton lithography of semiconductor 

materials has been introduced. In this paper we present a few structures made in GaAs and PMMA. 

Clasification Codes:  
 85.40.Hp Lithography, masks and pattern transfer,  
 42.82.Cr Fabrication techniques; lithography,pattern transfer (see also 85.40.2e 

Microelectronics: LSI, VLSI, LSI;integrated circuit fabricationtechnology),  
 73.43.Fj Novel experimental methods;measurements 
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1. INTRODUCTION 

Proton beam lithography is a new technique that has been used to fabricate microstructures in polymers 

such as PMMA [1] and SU8 [2], and also in photosensitive glass [3].  This technique has clear 

advantages in comparison with electron beam lithography and X-ray lithography (LIGA - Lithographie, 

galvanoformung und abformung, the German words for Lithography, Electroplating and Molding). The 

main advantage of using MeV protons, rather than electrons, is that the high energy protons have a long 

range and a low lateral spread making them ideal for exposing thick resist materials to fabricate high 

aspect ratio structures. The main advantage of proton lithography with respect to X-ray lithography is 

the well-defined range of the protons in the materials, and the fact that our technique is maskless, 

which makes it a very rapid direct-write prototyping process. In this paper we report on preliminary 

results of the investigations in proton beam lithography at the University of Surrey Ion Beam Centre.   



 

 
 

 

2.      EXPERIMENTAL  

The microbeam line at the University of Surrey’s Ion Beam Center is used for proton lithography, as 

well as for analytical techniques such as RBS (Rutherford Backscattering), PIXE (Particle Induced  

X-ray Emission), IBIC (Ion Beam Induced Charge) and NRA (Nuclear Reaction Analysis). It uses the 

Oxford triplet system of quadrupole lenses to focus the high-energy ion beam into a diameter of 1-2 µm 

in vacuum. A rotating sample stage has been installed in the vacuum chamber to allow positioning the 

samples at different angles from the incident beam.  

Currently the samples are scanned with a maximum definition of 1024x1024 pixels, which is 

satisfactory for analytical applications, but not optimized for our lithography technique. Therefore, we 

have upgraded this resolution to 4k pixels by using the Ion Scan software developed by the National 

University of Singapore [4].  

Simulations with the SRIM (Stopping and Range of Ions in Matter) program [5] were carried out to 

determine the range (that is the length they travel before coming to a stop) of the protons of different 

energies within the several materials used for our experiments.  Table 1 shows the results of SRIM 

simulations for ranges of MeV protons in GaAs and table 2 shows the results of SRIM simulations for 

ranges of MeV protons in PMMA . It can clearly be noticed that the lateral spread of the proton beam is 

very small compared to the distance the ions travel within the material. This spread occurs towards the 

end of the range, while for the first two thirds of the range, the beam maintains the lateral dimensions 

that it has when it enters the material.  

 

Table 1 – SRIM simulation ranges of MeV Protons in GaAs 

Energy Material Protons   
    Range Lateral Straggling 
0.5Mev GaAs 4.63µm ±0.4  0.60µm 
1MeV GaAs 11.79µm ±0.8 1.25µm 
1.5MeV GaAs 21.07µm ±1 2.03µm 
2MeV GaAs 32.34µm ±1.7 2.93µm 
2.5Mev GaAs 45.45µm ±2.5 3.95µm 
3MeV GaAs 60.32µm ±3.2 5.08µm 
 

 

 

 

 



 

 
 

Table 2 – SRIM simulation ranges of MeV Protons in PMMA  

Energy Material Protons  
  Range Lateral Straggling  

0.5Mev PMMA 6.68µm ±0.3 0.30µm 
1MeV PMMA 19.81µm ±0.8 0.70µm 
1.5MeV PMMA 37.22µm ±1.4 1.23µm 
2MeV PMMA 58.83µm ±2.3 1.85µm 
2.5Mev PMMA 84.72µm ±3.5 2.58µm 
3MeV PMMA 114.85µm ±4.7 3.42µm 
 

The irradiation dose depends on several factors, like the proton energy, the characteristic of the target 

material, and the etching procedure to be followed after irradiation. The semiconductor material GaAs 

has a high resistance compared to that of bulk polymers such as PMMA so it requires a larger dose 

resulting in a longer irradiation period.  

 

3.  ETCHING 

The procedure used to reveal the irradiated structures is known as etching. Each material requires a 

different etching procedure, depending on the characteristics of the material itself and the irradiation 

process. PMMA behaves positively towards the etching, that is, the irradiated regions are removed. In 

contrast, GaAs gets less etchable when irradiated. 

 

3.1  Electrochemical etching of GaAs 
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FIGURE 1 – Electrochemical etching of GaAs 

 

The method of etching of GaAs is shown in Figure 1.  

Step 1 depicts the uniformly conductive GaAs irradiated with protons. This irradiation causes lattice  

damage to the GaAs.  Deep regions of high resistivity are formed, causing a reduction in current flow.  

Step 2 shows that the Electrochemical etching is driven by the flow of current through the GaAs. The  
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Tiron electrolyte is used to get a constant current flow leading to the etching of the GaAs. 

Step 3 shows that the irradiated region is revealed. 

 

3.2  Etching PMMA 

A straight chemical etch is used to etch proton irradiated PMMA. An etching solution of 20% IPA 

(isopropanol), 80% MIK (methyl isobutyl ketone) is used for this purpose. PMMA behaves positively 

towards the etching solution, that is, the irradiated regions are removed while the unirradiated areas are 

left behind. 

 

4.  RESULTS and DISCUSSION 

4.1  GaAs - Microstructures 

Figure 2 shows the UniS (University of Surrey logo) structure produced by 2MeV protons in GaAs  

with a dose of ~ 280nC/micron2 . The height of the structure is approximately 19µm. This is one of the 

first proton lithography structures ever made in GaAs. The structure indicates the scanning pattern of 

the beam. It can be seen that there is poor etching of the internal channels of the “S” structure.  

This is due to restricted movement between the electrons and holes during the electrochemical etching 

process. 

 

 

Approx. 19µm 

FIGURE 2 – UniS structure in GaAs  



 

 
 

4.2 PMMA – Microstructures 

Figure 3 shows a square grid structure produced by 3MeV protons in PMMA with a dose of ~1pC/µm2. 

The structure is approximately 400µm x 400µm. The irradiated regions have been etched away. 

 

 

 
 

 

 

 

 

 

 

 

5.  CONCLUSION 

Proton beam lithography has been applied successfully to transfer pre-defined patterns into GaAs and 

PMMA to produce 3D structures. The etching methods have been refined and the data collected from 

these preliminary experiments will be used, together with current work being carried out, to 

parameterise the lithography process for GaAs.  
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FIGURE 3 – Square grid in PMMA 


