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The flattening process utilizing sacrificial oxidation and annealing were investigated.  

 Surface RMS roughness was reduced by using wet sacrificial oxidation. 

 Atomically flat surface was obtained by 1050C/30 min annealing in the Ar/4%H2 ambient. 

 Electrical characteristics of MOS diodes on  the atomically flat surface were improved dramatically. 

Conclusions 

Results and discussion 
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Annealing method 

Sacrificial oxidation method 

Roughness at gate insulator/Si affects 

MISFET characteristics. 

p-Si(100) 

Flattening: Sacrificial oxide formation  

   ( wet / dry oxidation, 100 nm, 1100˚C) 

Gate insulator (SiO2) formation  

   ( dry oxidation, 4 - 12 nm, 1000 ˚C ) 

SiO2 wet etching 

   (HCl(35%):HF(50%)=19:1 ) 

AFM, ellipsometer, C-V, J-V, and TDDB 

PMA in N2/4.9%H2 (400˚C/5min) 

Experimental Procedure 

Cleaning (SPM+DHF (x2)) 

Al gate electrode evaporation 

Gate insulator (HfN) formation  

   ( ECR plasma spuuttering, 4 nm, RT, 0.2Pa) 

PDA in N2/4.9%H2 (500˚C/20min) 

Scaling of MISFET 

Si surface RMS roughness [nm] 
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Investigation of sacrificial oxidation process and annealing process dependence on Si 

surface roughness and electrical characteristics of MIS diodes. 
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Flattening method 

Sacrificial oxidation 

  ( dry oxidation, 

    1000˚C / 110 nm) 
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Investigation of the flattening mechanism. 

Substrate cleaning 

Thick oxidation 

SiO2 wet etching 

Interface roughness 

 Even low temperature is available. 

 Relations of time and temperature. 

 Ultra clean furnace and ambient 

       are necessary. 

 Slip line defect at high temperature. 

 Even low clean ambient is available. 

 The risk of the explosion. 

 Difficult at low temperature. 

H2 

Ar 

Scan size：3×3m2 

Scan size：2×2m2 

@1200˚C 

@1200˚C 

Investigation of the flattening process in the Ar/H2 ambient. 
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Surface roughness Reliability 

 Surface RMS roughness was reduced by using wet sacrificial oxidation. 

                    Si = wet : 0.07 nm, dry : 0.10 nm, Gate SiO2 = wet : 0.15 nm , dry : 0.17 nm 

 Electrical reliabilities were improved. 

                    b (MOS diode) = 2.7(w/o), 3.2(wet), 2.9(dry), b (MIS diode) = 0.8(w/o), 1.6(wet), 1.4(dry) 
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Surface roughness 

 Atomically flat surface was obtained by 1050C/30 min annealing in the Ar/4%H2 ambient. 

 Electrical characteristics of MOS diodes on  the atomically flat surface were improved dramatically. 

Electrical characteristics 
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Wet etching 
  (HCl:HF) 

Flattening: Annealing 

   (Ar/0 – 4 % H2, 1000 - 1050˚C/ 5 – 30 min) 

Al back contact evaporation 

Annealing method 
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The unintentional SiO2 during annealing was suppressed by decreasing the back 

diffusion in the Ar/H2 ambient. 

Effects of back diffusion 

Unintentional oxide thickness 
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Surface morphology 
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