
Process improvements 
• By reducing the ANAB dose, both process time and 

sputtering are reduced 
• 5X reduction in dose -> 5X reduction of beam 

processing time 
• Reduced sputtering improves etch profile 

• ~3:1 anisotropy over whole process 
• Wet strip process alone removes 1.4nm 

isotropically 
• ~4.5:1 from ANAB 

• ANAB processes smooth roughness introduced by wet 
strip 

• RMS roughness 1.65nm vs 2.26nm  

Background 
• A neutral Ar atom beam modifies a thin surface layer (1-3nm) 
• A wet strip process is used to remove the modified layer 
• Repeating this cycle allows for a controlled ALE process 
• Accelerated beam provides intrinsic anisotropy for 3D processing 
• Reactive chemistries can be introduced to the beam 
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300mm Alpha Tool 
• Tool installed in CNSE fab in June 2017 
• Beam qualification completed 
• Multiple processes established 

• Controllable 1-3nm oxide 
• Successfully cycled >500 wafers 
• TXRF/VPD confirm no backside wafer 

contamination post processing 

Abstract 
Accelerated Neutral Atom Beam (ANAB) processing has been 
shown to be an effective method to achieve ALE in a cyclic process 
when combined with a selective removal step to form a SiN spacer 
[Barth et al, ALE Workshop 2016].  In this paper, we present the 
progress towards demonstrating manufacturability of the ANAB-
enabled ALE process – in terms of factors such as process speed, 
control and stability, and ease of integration into a standard 
300mm fabrication facility. In this work we will show several-fold 
improvement of wafer throughput by reduction of ANAB process 
times while still accomplishing the necessary surface modification 
by ANAB exposure. A detailed investigation of the applicability of 
various processes for the selective removal portion of the ALE 
cycle has shown that ANAB effectively reduces the surface 
roughness that is introduced by the selective removal process 
step.  We also demonstrate the ability to affect the sidewall profile 
of the spacer etch by adjusting the ANAB process parameters 
throughout the cycled process, such as average neutral atom 
energy, the incorporation of chemically active species into the 
ANAB beam, etc. These improvements, combined with the 
installation of the first ANAB tool in the state of the art 300mm 
process line at the College of Nanoscale Science and Engineering 
(CNSE), are aiding wider implementation of ANAB-based ALE in 
semiconductor manufacturing lines.  

Future Work 
• Work continues to improve wafer throughput of the ANAB ALE process 

• Adjusting scan pitch 
• Increasing stage speed 
• Addition of Oxygen into the beam to promote oxidation 
• Adding other reactive gases 

• Surface modification and ALE of other materials 
• Other dielectrics e.g. HfOx, TiOx, NiOx, SiBCN 
• Metals e.g. Cu, Al, Co, Ru, TiN 
• Semiconductors e.g. Ge 

• Other applications 
• Ultra high aspect ratio etching 
• Subtractive Cu etching 
• ETSOI 
• Tunnel barrier formation 
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Starting structure After 5 Cycles After 7 Cycles After 9 Cycles 

Full 300mm wafer processing demonstrated  

Alpha Tool qualified to run  in 300mm Fab 

Meets fab spec of metals contamination 

9 cycles dHF only 
Average removal 1.4nm 

Incoming SiN Roughness 
After 10 cycles of 

wet strip only 
After 10 cycles of 

ANAB and wet strip 

Roughness RMS = 1.65nm 
Roughness Avg. = 1.22nm 

Roughness RMS = 2.26nm 
Roughness Avg. = 1.73nm 

Roughness RMS = 1.46nm 
Roughness Avg. = 1.06nm 

Backside TXRF shows no metals contamination 
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0.8nm and 2.7nm Oxides formed on bulk Si wafers by ANAB processing 


