


incident angles.  The antimony ion energy was chosen to get distribution profiles similar to arsenic implanted at 4.5 

MeV.  In many cases high energy ions are implanted at a normal or low tilt angle to the crystalline substrate to 

minimize shadowing effects for structures with high aspect ratios and/or to use channeling effects to form deeper 

layers. This makes these implants very sensitive to beam angle alignment and control [3]. 

For the experiments non-channeled, axial [001] channeled, and planar (220) channeled implant conditions were 

used.  The implantations were performed on Axcelis’ PurionTM XEmax implanter, which is based on an RF-linear 

accelerator architecture and has several modifications, which were developed to extend the maximum ion energies up 

to 15 MeV [4].   

 

2. Materials and Methods 

SIMS analysis of dopant distribution profiles was performed on (100) Si-wafers implanted with MeV-range 

energies using multiply charged ions of As (4.5 MeV) and Sb (7.0 MeV). The implanted dose was 1E13 at/cm2 to 

provide reliable SIMS measurement with low background noise and minimize damage accumulation effects on dopant 

profiles.  Certified wafers with a slice angle offset of <0.05° from <001> were used.  The crystal axis offset of the 

wafers was verified and accounted for using the TW V-curve method.  The ion beam incident implant angles 

(tilt/twist) were 7°/23°, 2°/0°, and 0°/0° for non-channeled random direction, (220) planar channeled, and [001] axial 

channeled conditions, respectively.  The AMU ratio of ~1.6 between 121Sb and 75As was used to choose antimony 

energy to create dopant profiles with close penetration depths for both Sb and As.  The ion beam was tuned and 

optimized for implant of the 121Sb isotope. 

 

3. Results and Discussion 

High energy antimony profiles for 121Sb and 123Sb isotopes implanted at different channeled conditions are 

presented in Fig. 1a. The ion energy was 7 MeV, implanted dose 1E13 at/cm2.  As expected, axial channeled profiles 

demonstrate the highest penetration depth in silicon up to ~12 µm.  Increasing the tilt angle to 2° results in a 

significant profile tail reduction, down to ~8 µm due to the significant reduction in axial channeling. Non-channeled 

random direction profile shows penetration depth up to ~6 µm and demonstrates higher concentration gradient in the 

trailing edge of the profile compared to both, axial and planar, channeled conditions. 

The summary of Sb profiles SIMS analysis is combined in Table 1.  SIMS profiles showed that the largest 

implanted species was 121Sb isotope, which the antimony ion beam was set up for during the implantations.  At the 



same time, some energetic contamination profiles of 123Sb were found, as is seen in Table 1.  Even though, the amount 

of 123Sb isotope in the total implanted dose is a relatively low value of ~3.2 % (compared with 42.8 % of 
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