
ORGANIC/INORGANIC INTERFACES 
IN PHOTOVOLTAICS 

CHRISTINE LUSCOMBE 
ASSISTANT PROFESSOR 
MATERIALS SCIENCE AND ENGINEERING 
UNIVERSITY OF WASHINGTON, SEATTLE 
LUSCOMBE@U.WASHINGTON.EDU 



Outline 

 ! Introduction to organic photovoltaic devices 
 ! Examination of different interfaces 
 ! Electrode/polymer interfaces 
 ! Interfaces within the active layer 



The photovoltaic effect 
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Bulk heterojunction devices 
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Chemical and physical treatments of ITO 

•! Ultrasonic cleaning in organic solvents: This leads to some carbon contamination and 
keeps the work function of ITO at 4.5 eV. 

•! UV ozone treatment: Increases the workfunction to 4.8 eV. 

•! Wet cleaning (aquaregia (HNO3, HCl, H2O)), dry-celaning; oxygen or argon 
plasma were found to increase the work function. 

K. Sugiyama et al. J. Appl. Phys. 87, 295, 2000. 
J. S. Kim et al. J. Appl. Phys. 84, 6859, 1998.  



PEDOT/PSS 

 ! Smoothens the ITO surface 

 ! Prevents short-circuiting 

 ! Water soluble polymer allowing for fabrication layered device 



PEDOT/PSS 

J. Phys. Chem. C, 2008, 112, 7922. 



PEDOT/PSS 

J. Phys. Chem. C, 2008, 112, 7922. 



Monolayers on ITO 

Sol. Energy Mater. Sol. Cells, 2008, 92, 393. 



Affecting the electrode work function 

PCBM 

P3HT 

5.1 

3.0 

6.5 

4.0 

PEDOT:PSS 
ITO 

Al 

4.2 

4.7 PCBM 

P3HT 

5.1 

3.0 

6.5 

4.0 

ITO 

Al 

4.2 

4.7 

- 

+ 

 ! The dipole induces a step in the local vacuum level due to electric field in the area 

 ! Dipole pointing towards the surface effectively reduces the work function 

 ! Dipole pointing away the surface effectively increases the work function 
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Monolayers on ITO 

Thin solid films, 2005, 488, 270. 

 ! Adjust the work function of the metal using dipolar molecules 

 ! Reduce interface defects 

 ! Use small molecules to prevent introducing insulating layer 



Monolayers on ITO 

Thin solid films, 2005, 488, 270. 

 ! 8-HQ shows little difference in device performance 

 ! Acidic moieties increase the work function of ITO 



Affecting the electrode work function 

Adv. Mater., 2008, 20, 2376. 
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 ! ZnO acts as hole blocking layer, optical spacer, and acts as a barrier against 
water/oxygen. 

 ! Wanted to use a higher work function metal to improve stability of top electrode. 

 ! Also, introduces the possibility of an all solution-processed device. 



Affecting the electrode work function 

Adv. Mater., 2008, 20, 2376. 
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Dipole pointing away from ZnO 
Expect top electrode work function to decrease 
Expect device performance to improve 
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Affecting the electrode work function 

Adv. Mater., 2008, 20, 2376. 
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Affecting the electrode work function 

Adv. Mater., 2008, 20, 2376. 
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Affecting the electrode work function 

Adv. Mater., 2008, 20, 2376. 

3.22% 



Inverted solar cell structure 

J. Mater. Chem., 2008, 18, 5113. 
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Inverted solar cell structure 

J. Mater. Chem., 2008, 18, 5113. 

C60>TT>BA>LA>None 



Inverted solar cell structure 

J. Mater. Chem., 2008, 18, 5113. 

 ! SAMs can affect work function of the metal/metal oxide 

 ! Allow for vertical segregation 

 ! Alter the crystallinity in your thin film structure 



Organic-inorganic hybrid device 
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•!Offer the best of both worlds 
-Stability and improved efficiency from the inorganic 
-Cheapness from the organic 

•!In reality, efficiencies are extremely low – P3HT/TiO2 devices have a PCE of 
approx. 0.1-0.2% 



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 

 ! When dipole is pointing towards the surface, JSC increases and VOC decreases. 
Overall PCE is improved.  



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 
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 ! H+ ions accumulate on the surface, effectively creating a surface where the dipole is 
pointing towards TiO2.   



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 



Organic-inorganic hybrid device 

J. Appl. Phys., 2007, 101, 114503. 
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Affecting the VOC 

J. Appl. Phys., 2007, 101, 114503. 
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•! VOC is related to the difference between HOMO of 
donor and LUMO of acceptor. 



P3HT/III-V nanoparticle OPVs 

 ! Potentially solves exciton diffusion problem 

 ! Nanoparticle absorbs light as well 

 ! Possibility of multi-exciton formation 



Outline 

 ! Introduction to organic photvoltaic devices 
 ! Examination of different interfaces 
 ! Electrode/polymer interfaces 
 ! Interfaces within the active layer 


