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computer simulations based on the binary collision
approximation (BCA), Crystal-TRIM code

ballistic processes
energy:  > 100 eV, duration:  < 100 fs

range distribution of the implanted ions
distribution of atomic displacements

series of consecutive binary collisions of the moving projectile with
the nearest target atom (lattice structure)

repulsive interaction between the projectile and the target atom
(screened Coulomb potential) 

phenomenological models for damage buildup and dynamic annealing

semiempirical model for the electronic energy loss of  fast particles
Debye (-Einstein) model for lattice vibrations

processes: energy and time scales
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thermal vibration of lattice atoms cause dechanneling

low doses: example II

influence of the target temperature
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dose dependence of the profile shape

B+(35 keV) into (100)Si, 00 tiltAs+(50 keV) into (100)Si, 00 tilt
simulation results vs. exp. data:
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high doses: example I
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thickness of the amorphous
layer formed:
RBS/C: 280 nm,
Crystal-TRIM: 278 nm

temperature dependence
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high doses: example III

influence of dose rate and target temperature

competition between
damage buildup and
dynamic annealing

70 keV Ge+ into (100) Si,
00 tilt

simulation results vs. exp. data:
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deposition per atom is larger 
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qualitative explanation:
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example: multiple implantations

dependence on the
implantation sequence
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first implantation: B
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sequence 2:

first implantation: As
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only 2 parameters,
dependent on: 
- ion species
- temperature
- dose rate
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RT implantation into Si, dose rate < 1014 cm-2 s-1:

damage accumulation
dynamic annealing

B+: clin = 0.0016 eV-1, cth = 0.01P+:     clin = 0.0053 eV-1, cth = 0.1

As+, Ge+, In+, Sb+: 
clin = 0.008-0.011 eV-1, cth = 0.05-0.12

BF2
+: clin = 0.0045 eV-1, cth = 0.1

general function
 pd (En

A)

pd (En
A)

En
A

0

1

linear increase: clin
threshold value:  cth

the two parameters

depend on ion species or
on the morphology of the as-implanted damage
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