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LWR (Line width roughness)  

LWR is improved by HBr plasma cure 
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Bending/Wiggling 
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CD non-uniformity within a wafer 

Slimming, Surface cure, etc.  Small pattern with less LWR 

Uniformity within a wafer ? 
 



CD non-uniformity within a wafer 
HBr/O2 plasma 

 
 

SiBrx 

Poly-Si 

Si-sub. 

SiO2 



ICP 

Control Knobs 

～ 

～ 
Spatial distribution of 
Plasma density, Gas flow  
& Wafer temperature 

Power 

Gas  
flow 

Sub. temperature 

L. Chen, AVS2004 

Center 
37℃ 

Edge 
30℃ 



   CD uniformity  

2000~ 

40nm±10% 

G
at

e 
le

ng
th

 
Mask size 

Plasma cure, Control Knobs, EES 
 Minimization of CD variation 

  within a chip 

  within a wafer 

  within a lot 

http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Etchedwafer.jpg


1. Introduction 
 

2.1990～ :  High etch rate & Selectivity  
 

3.2000～ :  Suppression of CD variation 
 

4.2010～ :  Minimization of damage 
 

5.Summary 

Outline 



Requirements (2010～） 
  

Gate length <30nm 
Less damage 
450mmΦ wafer 
High etch rate 
Anisotropic profile 
High selectivity 
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High-k/Metal gate 
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Si recess 

Si recess induces fluctuation of Vth or Id 
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Quantitative control of IEDF 
 

Minimization of ion induced damage 
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 Sidewall etching 
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2010～ 

Quantitative control of IEDF 
Prediction of ion and UV/VUV penetration 
    Minimization of physical & radiation damage 
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Miniaturization limit ? 

2020～ （？） 
 
Gate length <10nm? 
Less damage 
450mmΦ  wafer 
High etch rate 
Anisotropic prpfile 
High selectivity 
Uniformity 
High-k/Metal gate 
Fin transistor 
3D 
CNT/Graphene 
Spin device・・・ 
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SADP, SAQP・・・ 

ITRS 
2013 

Self-Aligned Double/Quadra Patterning 

Further miniatuarization 



3D LSI 

High rate etching for TSV  

Several chips are stacked 
and coupled to each other  
using “through Si via (TSV) ” 



MRAM / Spin electronics 

New device, New materials 
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 Toward future device fabrication 

Monitoring ? 

Control ? 

Prediction ? 

Data base ? 

Quantitative understanding of plasma and surface reactions 
Quantitative manipulation of electrons, ions and photons 
 

  Fine pattern, TSV, New materials & structures 



Summary 

1990～    High etch rate & Selectivity  
   ・HBr/O2 
   ・High density / low ion energy plasma 
  

2000～   Suppression of CD fluctuation 
   ・Suppression of LWR and Wiggling of mask 
   ・Knobs for plasma uniformity control 
 

2010～   Minimization of plasma induced damage 
   ・IEDF control, UV/VUV control 
   ・Advanced monitoring & simulation 
    
2020～   New plasma processes for future devices 
   ・Quantitative control of electrons, 
     ions and photons 
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