




MeV He depth profile implanted in FeCr steel, comparing the single- 
energy implantation with the theoretical target profile achieved using 
the 1.8 μm Al foil oscillating degrader. The simulation represents the 
intended broadened profile and serves as a theoretical objective based 
on fixed ion ranges and a homogeneous medium.

3. Oscillating energy degrader

3.1. Principle of operation

The energy degrader consists of an aluminum foil mounted on a 

frame that oscillates in front of the ion beam. When the foil is perpen
dicular to the beam (0◦ position), ions traverse the nominal foil thickness 
d. As the foil tilts by an angle θ around a pivot point, the effective 
thickness increases according to d/cos(θ). At the maximum oscillation 
angle of 60◦, the effective thickness reaches 2d. The initial beam energy 
E0 is selected based on the specific capabilities of the ion accelerator and 
the required implantation range. By selecting an initial ion energy suf
ficiently high to allow penetration through the maximum effective 
thickness 2d, the oscillating degrader produces a continuous spectrum of 
ion energies such that the ion range swifts between depths corre
sponding to foil thicknesses d and 2d. Consequently, ions are implanted 

Fig. 2. The implantation profile of 0.4 MeV He in FeCr compared to the damage profile of 10 MeV Fe. It is seen that the damage profile is significantly wider.

Fig. 3. Comparison of the implantation profile of 1.3 MeV He beam, without a degrader, and after passage through the oscillating degrader. This simulation serves as 
the theoretical objective for achieving a broadened and uniform implantation profile. The implantation range of a degraded beam is larger by a factor of approx
imately 4.
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