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INTRODUCTION 
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Modification of ZnO by ozone treatment 

• Surface trap filling (e.g. 

oxygen vacancies) 

• Wetting properties (-OH 

groups) 

• Change in surface dipole  

System 

Interface modification 

ZnO layer obtained via sol-gel technique 
with variations:  
Á Ozone treatment (= UV treatment) 
Á Layer thickness (35 and 55 nm) 
Á Annealing temperature (350°  and 500° C) 
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ELECTRICAL CHARACTERIZATION 
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Measurements @VU 
 
Difference in electrical behaviour in devices with 
and without ozone treatment?  
 
Á IV characterization 
Á Impedance spectroscopy @RT 
Á Thermal admittance spectroscopy  

System 

Interface modification 

enables density of trap states reconstruction 
from capacitive measurements 

the real part of the complex 
capacitance is used 

coordinate transformation 

with 
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ELECTRICAL CHARACTERIZATION 

UV no UV 

contact              PTB7                           ZnO 

Equivalent circuit analysis 
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MODELING 

SCAPS - Solar Cell Capacitance Simulator 

Á originally developed for thin film solar cells (CdTe etc.)  

Á calculates energy bands, concentrations and currents at a given working point, J-V characteristics, ac 

characteristics (C and G as function of V and/or f ), spectral response (also with bias light or voltage)  

Á up to 7 layers 

Á input parameters Eg, χ, ε, NC, NV, vthn, vthp, µn, µp, NA, ND, all traps (defects) Nt, can be graded 

Á recombination mechanisms: band-to-band (direct), Auger, SRH-type 

Á … 
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MODELING 

no UV 

experiment SCAPS 

Bringing theory and experiment together 

 

Á Capacitance in the same order of magnitude  

Á Small dependence on voltage applied in the 

experiment  
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KELVIN PROBE 

350° C 
annealing 

ZnO film 
thickness φ no UV  φ after UV 

35 nm 4.22-4.38 eV 4.38-4.39 eV 

55 nm 4.70-4.75 eV 4.56-4.65 eV 

Which is the influence of the ozone treatment? 

Change in workfunction? 

Inconclusive        more measurements to be done… 

Kelvin Probe measurements: 

Á Information on surface 

potential 

Á Band bending 

 

How long does the effect of the 

ozone treatment last? 
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PHOTOLUMINESCENCE  

Á Quenching of ZnO PL after ozone 

treatment in ZnO-PTB7 samples 

Á PL of PTB7 increased in the case of 

samples with ozone treated ZnO 

next step: transient absorption measurements to clarify the interaction 
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SUMMARY & OUTLOOK 

Á Change in the distribution of trap states by ozone treatment 

Á Increase in overall capacitance after ozone treatment 

Á Removal of surface defect states (shallow donor states) might take 

place, which would lead to 

 

 

 

 

 

Á Lots of data analysis  

Á Opical spectroscopy (absorption, PL, transient absorption) 

Á Lots of data analysis  

Á Testing the model with SCAPS 

• increase in workfunction 

• trap state distribution deeper in the band gap 


