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The 2-step deactivation of the 
HDs (400 °C / 500 °C) is 

described using a thermal 
dissociation model with two HD-
species (HD1 / HD2): 
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• HD1 is directly proportional to the 
proton fluence: 
 
 

 

• HD2 has a square-root 
dependence on the proton 
fluence: 
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Good reproduction of the exp. Profiles: 

•Modeling of upper and lower thermal limits of HD-
doping 

– Diffusion-limited activation Ea≈1.23 eV 

– Thermal dissociation 

•Feasible prediction of HD profiles 

– Prediction of min. diffusion time 

– Usability in process simulations 

– Consideration of therm. budgets in post-processing  
(e.g., soldering) 
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Spreading resistance profiles in FZ 
and m:CZ material 

As-implanted As-diffused 

Sample preparation - thinning 

FZ-substrate 

m:CZ-substrate 

Depth (µm) 

L
o
g
. 

C
a
rr

ie
r 

c
o
n
c
e
n
tr

a
ti
o
n
 

Additional peak 

DLTS - spectra 
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Results and conclusions  
 Energy levels and cross sections of the observed traps 

Trap 
EC - ET 

(meV) 


(10-15 cm2) 
DLTS-temperature range 

(K) 
Assignment 

A 60 ± 8 4 ± 3 33–43 
unknown 
OTDD0/+ 

B 103 ± 9 1.0 ± 0.7 45–59 CiOi-H
-/0 

C 151 ± 7 5 ± 2 73-86 OTDD+/2+ 

D 204 17 95-117 unknown 

E 212 ± 7 31 ± 6 120-138 (V2O2-/-) 

F 333 ± 8 6 ± 2 149-172 VOH-/0? 

G 418 ± 7 14 ± 2 180-214 
V2O2

-/0 

X2-/- 

H 437 ± 9 23 ± 5 220-290 V2H-/0 + V2
-/0 
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Proton implantation and subsequent annealing in 

m:CZ-substrate results in an additional peak ~15 µm  
deeper than the projected range   
 

DLTS measurements reveal that the additional peak 
does not show vacancy related deep levels 
 

Several vacancy related deep levels as known from 
previous reports could be detected in the damaged 
region of the profiles  

Damaged region and 
additional peak 

Additional peak only 
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