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INTRODUCTION 
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DOMINANT FORCES IN PATTERN COLLAPSE FORMATION  

§  Pattern collapse occurs at 
the end of drying phase 

§  Different forces dominate 
at different stages 
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Si micropillars: 
•  Pitch: 2 um; 
•  D: 0.8 um; 
•  H: 45 um; 
In-situ observation  
by optical microscopy 

The elastic restoration force determines the requirements for preventive measures  



PREVENTION OF PATTERN COLLAPSE 
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§  Reduce capillary force 
§  Low surface tension liquid:  e.g. IPA drying, but max 3x reduction in force 
§  Surface modifications: effective, capillary force can be reduced more than 10x 

§  Reduce adhesion forces using organic coatings 

Si nanopillars with HMDS priming 

Without IPA drying With IPA drying 

Si nanopillars with native oxide 
  With IPA drying Without IPA drying 



EFFICIENCY OF SURFACE FUNCTIONALIZATION CHEMISTRY IN FIN 
POST-ETCH CLEAN 

§  SFC à contact angle increased to 85±2° 
§  Pattern collapse prevention on fins with CD ~ 9 nm and pitch = 25 nm 
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CLEAN / RINSE / SFC / RINSE / SPIN-DRY 

Si fin height: 120 nm, total AR ~ 15 Si fin height: 160 nm, total AR ~ 20 

SiN HM  
~ 20 nm 



NEED TO REMOVE SFC 

§  SRAM: leakage current though STI/Fin 
interface à N/P isolation fail 

POSSIBLE LEAKAGE ISSUES AT DUMMY OX/FIN INTERFACE IF SFC NOT REMOVED 
Core I/O 

§  Dummy oxide used as gate oxide 
à high Dit and Jg expected 

Fin etch/clean 

SFC 

SFC W 

STI 

Dummy OX 

STI 

High Dit/Jg 

HKMG 



RESULTS & DISCUSSION 
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§  Microwave plasma strip 
§  Axcelis Integra MW chamber  
§  Chemistry: N2/H2 or N2/H2/N2O  
§  Chuck temperature: 245 / 200 / 150°C 
§  Isotropic 

§  UV strip 
§  VUV (λ < 200 nm) 

§  SCREEN coater developer track, SOKUDO DUO 
§  Atmosphere: N2 
§  Irradiation not isotropic à removal on fin sidewall? 

§  Boundary conditions: ideally no oxide growth and no roughening 

SFC REMOVAL METHODS TESTED 
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Covalently bounded organic layers on Si 
are resistant to FEOL thermal budget 

Temperature  (°C) 



CHARACTERIZATION OF SFC REMOVAL 

§  Water contact angle 
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§  TOF-SIMS not applicable §  GATR-FTIR 

Background too high for accurate 
determination of removal efficiency 

Water contact angle very sensitive to 
the removal of organic surface layers 

Si
-C

H
3 

 

Si-O-Si Si-CH3  

SFC reference 
Si reference 

Detection of characteristic SFC-
related peaks 



§  Contact angle 

 
§  Longer strip time needed at lower chuck 

temperature 

§  GATR-FTIR 

§  Disappearance of SFC peaks in agreement 
with contact angle 

§  Plasma strip accompanied by oxide growth 

SiOx SiOx ? 
Si-OH Si

-C
H
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Si-O-Si Si-CH3  

Si
-O

H
 

SFC REMOVAL BY REDUCING PLASMA STRIP 
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<5° 

+ N2/H2 245°C 30s 
+ N2/H2 200°C 60s 
+ N2/H2 200°C 30s 
+ N2/H2 150°C 60s 
+ N2/H2 150°C 30s 
SFC reference 



SFC REMOVAL BY SLIGHTLY OXIDIZING PLASMA STRIP 
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§  Contact angle < 5° in all conditions 

 
§  Complete removal in all conditions tested 

§  GATR-FTIR 

§  Disappearance of SFC peaks in agreement 
with contact angle 

§  Plasma strip accompanied by oxide growth 

SiOx 
SiOx ? 
Si-OH Si

-C
H
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Si-O-Si Si-CH3  

Si
-O

H
 

+ N2O 245°C 10s 
+ N2O 200°C 20s 
+ N2O 200°C 10s 
+ N2O 150°C 20s 
+ N2O 150°C 10s 
SFC reference 



SFC REMOVAL BY UV STRIP 
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§  Contact angle 

 
§  Apparent complete removal with dose ≥ 4X  

§  GATR-FTIR 

§  Disappearance of SFC peaks in agreement 
with contact angle, but for a small residual 
peak at 1275 cm-1 at a dose of 4X 

§  UV strip accompanied by oxide growth 

SiOx 
SiOx ? 
Si-OH Si

-C
H
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Si-O-Si Si-CH3  

Si
-O

H
 

+ 8X UV 
+ 6X UV 
+ 4X UV 
+ 2X UV 
+ 1X UV 
SFC ref. 

<5° 

2X     4X     6X     8X          



SURFACE ROUGHENING BY SFC STRIPS 

§  Plasma strips 
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§  UV strip 

No significant roughening by strips 



§  Plasma strips 

§  Limited impact of lower T chuck 

STRIPS DIFFERENTIATOR : OXIDE GROWTH 
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§  UV strip 

§  SFC stripping lowers/delays Si oxidation 

Oxide growth by UV (~0.2nm) < oxidative strip (0.4-0.5nm) < N2/H2 strip (0.6-0.7nm)  

SFC 
removed 
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EFFICIENCY OF UV REMOVAL ON FINS 

§  Si fins with spacing decreased by PEALD 
oxide deposition 
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MATERIALS & METHODS 

§  GATR-FTIR on fins with polarization 

§  Highest sensitivity for the SFC peak at  
870 cm-1 with s-polarization 

§  Other SFC peaks not detected 

300 nm 

Fin CD ~20 nm 

29 nm 

17±5 nm 

Pitch:  90 nm 
Spacing:  65 nm 

p-pol. 
non pol. 

s-pol. 



EFFICIENCY OF UV/N2 REMOVAL ON FINS 

§  Complete removal in all spacings with 10 s irradiation 
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Si-CH3  Si-CH3  

29 nm spacing 

UV/N2_30s 
UV/N2_20s 
UV/N2_10s 
Ref.w/SFC 

Ref.w/oSFC 

17 nm spacing 



SUMMARY 

§  Efficient removal of SFC by plasma and UV strips 
§  N2/H2/N2O strip ~ UV/N2 strip > N2/H2 strip 

§  No significant surface roughening observed 
§  UV/N2 strip outperforms plasma strips wrt Si surface oxidation 
§  UV/N2 strip can remove SFC on fins sidewall 
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