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2.1.2 Surface Recombination 



2.1.3 Intrinsic Lifetime Limit 
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2.2  Measurement of Carrier Lifetime 
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2.3  Surface Recombination Velocity 
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2.4  Surface Passivation - Chemical vs. Field effect 



2.5 Permanent Dielectric Based Surface Passivation  

2.5.1 Thermal Silicon Oxide (SiOx) 



2.5.1.1 Rapid Thermal Oxidation (RTO) 

2.5.2 Plasma Enhanced Chemical Vapour Deposition of Silicon Nitride 

(PECVD SiNx) 



2.5.3 Atomic Layer Deposition of Aluminium Oxide (ALD AlOx) 





2.6 Temporary Surface Passivation 

2.6.1 Liquid Immersion Passivation 



2.6.1.1 Acid Based Passivation Treatment 

2.6.1.1.1 HF Passivation 





2.6.1.2 Halogen-Alcohol Passivation 



2.6.1.3 Benzyl-Alcohol Passivation 



2.6.2 Thin Film Passivation 







2.7 Organic Superacid-Derived Passivation 

Passivation 

Type 

Chemical/Material Deposition 

Method 

SRV 

(cm s-1) 

Reference 

Dielectric SiO2 PECVD 2.6 [86] 

 HfOx ALD 1.92 [87] 

 SiO2 Alnealed Thermal 
SiO2 

1.72 [53] 

 amorphous-SiOx:H PECVD 1.5 [86] 

 SiNx Catalytic-CVD 0.6 [88] 

 AlOx Plasma-enhanced 
ALD 

0.26 [28] 

Acid HF (20%) Immersion 2.7 [71] 

 HF(15%) + HCl Immersion 0.6 [89] 

Halogen Iodine + Methanol Immersion 25 [90] 

 Bromine + Methanol Immersion 20 [91] 

 Iodine + Ethanol Immersion 5.2 [92] 

Benzyl Quinhydrone + 
Methanol 

Immersion 7 [93] 

 Benzoquinone + 
Methanol 

Immersion 1.6 [94] 

Organic Polystyrenesulfonate  Spin Coated 6 [95] 

Superacid TFSI-Hexane Dip Coated 0.69 This work 

 



 

 

 

 

 







2.7.1 Stability 





2.7.2 Superacid Passivation Mechanism 





2.8 Summary 



Chapter 3  Experimental Methods 

3.1 Sample Wafers 

3.2 Sample and Chemical Preparation 

3.2.1 Gloveboxes 



3.2.1.1 Low Specification Glovebox 



3.2.1.2 High Specification Glovebox 



3.2.2 Sample Cleaning 

3.2.2.1 RCA 1 Cleaning 

3.2.2.2  RCA 2 Cleaning 

3.2.2.3 Standard Cleaning Procedure 

 

 

 

 



 

 

 

 

 

 

 

3.2.2.4 Cleaning Modifications 



3.2.3 Avoiding Contamination of Glassware and Tools 

 

 

 

 

 

 



 

 

3.2.4 Passivating Solution Preparation 



3.2.5 Solution Based Passivation 



3.3 Characterisation Methods 

3.3.1 Photoconductance Decay Lifetime 



∆𝜎 =  
∆𝑝

𝑞(𝜇𝑛 + 𝜇𝑝)



Δ𝑝





3.3.2 Photoluminescence Imaging 



 ×



3.3.3 Raman Microscopy 



3.3.4 Nuclear Magnetic Resonance (NMR) Spectroscopy 



3.3.5  X-ray Photoelectron Spectrometry 





3.3.6 Kelvin Probe 





3.3.7 Atomic Force Microscopy (AFM) 

3.4 Summary 



Chapter 4  Solvent Dependence of 

Superacid-derived Passivation 

4.1 Motivation 



4.1.1 Principle of Superacid-derived Passivation 

Label Solvent name used Chemical name Formula

Relative

Polarity

Supplier

(product number) Purity 

A Acetone 2-propanone C3H6O 0.355 VWR (83683) 99.9%

B Chlorobenzene Chlorobenzene C6H5Cl 0.188 Sigma Aldrich (284513) 99.8%

C Cyclohexane Cyclohexane C6H12 0.006 Sigma Aldrich (227048) 99.5%

D Dichloroethane (DCE) 1,2-dichloroethane C2H4Cl2 0.327 Sigma Aldrich (284505) 99.8%

E Dioxane 1,4-dioxane C4H8O2 0.164 Sigma Aldrich (296309) 99.8%

F Dichloromethane (DCM) Dichloromethane CH2Cl2 0.309 Alfa Aesar (41835) 99.7%

G Hexane n-hexane C6H14 0.009 Sigma Aldrich (296090) 95.0%

H Isopropanol (IPA) 2-propanol C3H8O 0.546 Sigma Aldrich (278475) 99.5%

I Octane n-octane C8H18 0.012 Sigma Aldrich (296988) > 99 %

J Toluene Toluene C7H8 0.099 Sigma Aldrich (244511) 99.8%



4.2 Results & Discussion 

4.2.1 Passivation Dependence on Solvent for TFSI 





▼



4.2.2 Degradation of Passivation 





4.2.3 Effects of Storage Conditions 





4.2.4 Solution Degradation 











4.2.5 Extraction of Bulk Lifetime and Effective Surface Recombination 

Velocity 

τeffective

1

τeffective
=  

1

τbulk
 +  

2S

W

τbulk S

W τeffective

W τbulk τbulk S



τbulk

S τbulk

S

τbulk

τbulk





4.2.5.1 Analysis of Achieved Surface Passivation 

S

N

σ vth

σ vth S

N ×

S

N

Sn

N ×

S =  σvthN



4.2.6 Reproducibility of Passivation Treatment 









1

τbulk

τp

τp

×

τn τp τn

±

×

1

τbulk
 =  

1

τSRH
+  

1

τAuger
+  

1

τradiative



×

Sn

Sn ×

×

×



4.3 Superacid Treatment Applications 



4.4 Summary 



±

 



Chapter 5  Evolution of 

Bis(trifluoromethanesulfonyl)-Based 

Passivating Solutions and their 

Effect on Surface Passivation 

5.1 Introduction 

5.2 Motivation 



5.3 New Passivating Solutions and Molecule Dependence 



 

 

 



5.4 Surface Chemistry and Passivating Species 



5.4.1 Nuclear Magnetic Resonance (NMR) 







 









5.4.2 Kelvin Probe – Surface Charge Measurement 

























5.4.3  X-ray Photoelectron Spectroscopy (XPS) 





 

 

 





  









5.4.4  Raman Microscopy 







  

















Peak 
assignment 

Substance 
Peak 

position 
(cm-1) 

Peak 
description 

Reference 
for 

assignment 

δ (C-H) DCE 1447 vw [146] 

υ SO2 TFSI 1330 w [147] 

υ CF3 TFSI 1243 w [147] 

υ CF3 TFSI 1206 w [147] 

υ SO2 TFSI 1132 w [147] 

ρ CH2 DCE  
977 (on) 

vs  [146] 

979 (off) 

ρ CH2 DCE 942 vs [146] 

  
  

Etched 
silicon  

820 (on) 
vw  [149, 150]  

822 (off) 

δ CF3 TFSI 766 vw [147] 

δ CF3 TFSI 745 vs [147, 148] 

υ C-Cl DCE 667 w [146] 

υ C-Cl  DCE  
642 (on) 

w  [146] 

638 (off) 

υ C-Cl  DCE  
618 (on) 

w  [146] 

616 (off) 

bulk (Si-Si) Bulk silicon 520 vs [149] 

δ (C-C-Cl)  DCE  
431 (on) 

w  [146]  

433 (off) 

ω SO2 TFSI 403 m [147] 

ρ SO2 TFSI 326 m [147] 

δ (C-C-Cl)  DCE  
301 (on) 

s  [146]  

303 (off) 

ρ CF3 TFSI 279 s [147] 

δ (C-C-Cl) DCE 229 m [146] 

t (C-C) DCE 119 m [146] 

υ



5.5 Summary 







Chapter 6  Atomic Level Termination 

for Passivation and Functionalisation 

of Silicon Surfaces 

6.1 Introduction 

6.2 Motivation 





6.3 Effective Lifetime Experiments and Modelling 

τ

τ

τ τ

τ

τ

τ

1

τeffective
 =  

1

τbulk
+  

2𝑆

W

















∼







6.4 Surface Characterisation 



Treatment Take-off 
angle 

Si C O F 

HF(50%) 90° 80.8 15.5 1.9 1.8 

HF(50%) 15° 53.8 41.3 3.4 1.5 

HF(2%):HCl(2%) 90° 83.6 14.1 1.8 0.4 

HF(2%):HCl(2%) 15° 50.1 46.1 3.4 0.4 





6.4.1.1 Discussion - Surface Treatments and Termination 





6.4.2 Surface Termination for Dielectric-based Passivating Films 







6.4.2.1 Discussion - Additional passivation after chemical treatments 





6.5 Summary 



Chapter 7  Conclusion 

7.1 Solvent Dependence of Superacid-derived Passivation 



7.2 Evolution of Bis(trifluoromethanesulfonyl)-Based 

Passivating Solutions and their Effect on Surface 

Passivation 

fl

fi ff

fi ff fi

fi



fi fi

ff

fi

7.3 Atomic Level Termination for Passivation and 

Functionalisation of Silicon Surfaces 



7.4  Future Work 
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