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Abstract—This paper presents SIMS data for very high 
energy ion implantations of arsenic (1.9-8.0 MeV), boron (2.0-
5.0 MeV), and phosphorus (4.0-8.0 MeV) from Axcelis’ 
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with a 2nd order polynomial as shown in Fig. 1(b). Assuming 
the curve minimum position corresponds to true zero 
implantation angle, an offset of 0.02º was estimated for the 
tilt angles relative to the (100) plane. The arsenic SIMS 
profiles are shown in Fig. 2. Significant channeling reduction 
was observed at tilt angles of 0.25° and higher. Accordingly, 
the profile peak position (Rp) is getting shallower for the 
higher implantation tilt angles. As expected, very high 
energy profiles are found to be highly sensitive to the ion 
beam incident angle. At tilt angles �”0.25º the SIMS profiles 
show some difference in channeling tails even for tilt angle 
variations as low as 0.04º. This drives higher requirements 
for the angle alignment and control during implantation 
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simulated profile. The only way found to make the TCAD 
channeled peak higher than non-channeled peak was to 
increase the Debye temperature. With a higher Debye 
temperature, the TCAD profile fits better for both the 
channeled and un-channeled peak of 2.0 MeV boron, but the 
validity of this method is questionable. Further work on 
model improvement for 2.0 MeV boron is needed. 

 
Fig. 6. Experimental and simulated profiles for B, 2.0 and 3.6 MeV 
(1x1014at/cm2), and 5.0 MeV (1x1013at/cm2). Tilt/twist angle 5º/27º. 

 
Fig. 7. Experimental and simulated profiles for B, 2.0, 3.6, and 5.0 MeV. 
Tilt/twist angle 0º/0º. For 2MeV simulated profiles are shown for two 
Debye temperatures 519K (default) and 1100K. 

C. Phosphorus SIMS Profiles and TCAD Modeling 
SIMS profiles and TCAD simulation for phosphorus at a 

non-channeling implant angle are shown in Fig. 8 for 
energies 4.0, 6.0, and 8.0 MeV. Similar to As and B, the 
model overestimates the channeling tails. In the phosphorus 
case this difference is higher, especially for 8.0 MeV and 
lower dose 1x1013at/cm2. Doubling the implantation damage 
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tilt=0° has the best agreement at TCAD tilt=0.3°. Either this 
is the (unexpected) actual implant angle or the TCAD model 
needs improvement. Further investigation is required.  

 
Fig. 11. Experimental and simulated profiles for phosphorus, 6.0 MeV. 
Tilt/twist angle 0º/0º. TCAD modeling with different electronic stopping 
power (LSS.pre). 

 
Fig. 12. Experimental and simulated profiles for phosphorus, 8.0 MeV. 
Tilt/twist angle 0º/0º; TCAD modeling with different implantation damage. 

 
Fig. 13. P and As 8.0 MeV SIMS and TCAD profiles comparison. Tilt/twist 
angle 0º/0º. Default TCAD parameters.  

For P 6.0 MeV implants (Fig. 11), the profile peak 
position cannot be fit with the default TCAD parameters. 
The electronic stopping power in TCAD has to be reduced 
by ~8% to fit the SIMS peak position. This was not observed 
for other energies; all other phosphorus profiles fit with the 

default LSS.pre [4] parameter of 1.25. This unusual result 
suggests the TCAD model needs further improvement. 

For the maximum P energy of 8.0 MeV, increasing the 
TCAD damage de-channeling 4X slightly improves fitting in 
places (Fig. 12), but does not provide satisfactory agreement 
with the SIMS profile. 

P and As profiles comparison at 8.0 MeV is presented in 
Fig.13. The channeling profile shapes are significantly 
different between P and As (blue and green curves). The 
projected ranges are very close despite the large mass 
difference between P and As. It is thought possible that the 
relatively higher and complex influence of damage on 
phosphorus could contribute to the difficulty of modeling the 
profile. Further model adjustments are needed to match the 
phosphorus channeling profiles. 

IV. CONCLUSIONS 

We analyzed SIMS profiles of B ions with energies up to 
5.0 MeV and P and As ions with energies up to 8.0 MeV 
implanted on Axcelis’ Purion VXE implanter. By careful 
control of the ion beam parameters and the wafer crystal cut 
offset, we demonstrated that all species and specifically 
arsenic are extremely sensitive to tilt and twist angle. We 
report for the first time that the (022) planar channel causes 
an As implant at 1.0°/0.0° tilt/twist to be more channeled 
than at 0.5°/22°!  For energies > ~4.0 MeWa> ~4 (t t)15 5.0 m12 (ao 8)-12
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