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Principles and Varieties of Solar Energy (PHYS 4400) 

A.  OTHER JUNCTIONS 

B.  SEMICONDUCTOR HETEROJUNCTIONS -- 

MOLECULES AT INTERFACES: 

•  ORGANIC PHOTOVOLTAIC BULK HETEROJUNCTION 

•  DYE-SENSITIZED SOLAR CELL 
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p-n junction and semiconductor physics review 

A note on units:  looking at the Continuity 
equation(s) – units for dn/dt are cm-3s-1.  
Units for (1/q)(dJ/dx) work out to be: 
(C-1)(C s-1 cm-2)(cm-1) = cm-3s-1.  

http://www.pveducation.org/
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p-n junction and semiconductor physics review 
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Poisson’s Equation 

Straightforward definitions: 

E is the electric field 

 is the charge density 

q is the magnitude of the electron charge 

p is the concentration of free holes 

n is the concentration of free electrons 

ND
+ is the concentration of ionized donor atoms (recall that donors 

donate electrons, leaving them positively charged) 

NA
- is the concentration of ionized acceptor atoms (recall that 

acceptors accept electrons, leaving them negatively charged) 

http://www.pveducation.org/
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Semiconductor physics review 

Density of States in Conduction 
and Valence Band (parabolic 

band approximation) 
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Fermi function (state 
occupation probability) 
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Look at units: 
(note that 1 J = 1 kg-m2-s-2, 

and [h] = m2kg s-1) 
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Junctions 

Reading assignments: 

• Work Function:  http://en.wikipedia.org/wiki/Work_function 

• Electron Affinity (solid state physics): http://en.wikipedia.org/wiki/Electron_affinity  

• Vacuum Level: http://en.wikipedia.org/wiki/Vacuum_level 

• Fermi Energy: http://en.wikipedia.org/wiki/Fermi_energy   

• Fermi Level:  http://en.wikipedia.org/wiki/Fermi_level  

Work Function:  potential required to remove the least tightly-
bound electron: 

Fvacw EE 

Work function equals the electron affinity in metals. 

http://en.wikipedia.org/wiki/Work_function
http://en.wikipedia.org/wiki/Electron_affinity
http://en.wikipedia.org/wiki/Vacuum_level
http://en.wikipedia.org/wiki/Fermi_energy
http://en.wikipedia.org/wiki/Fermi_level
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Bases for effective fields at junctions 

Charge-separation mechanisms   
•  gradient in the vacuum level or work function 
 electrostatic field (e.g., doping level) 
•  gradient in electron affinity  effective field 
•  gradient in the band gap  effective field 
•  gradient in the band DOS  effective field 
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Metal-semiconductor junctions:  Schottky-barrier 

nm 

• In contact:  electrons flow from semiconductor to metal, resulting in a layer 
of positive fixed charge in the semiconductor, near the surface (and a 
negative image charge on the metal);  Fermi levels equilibrate; 

• Potential difference drops in the semiconductor (space charge, and/or 
depletion, region); 

• Result is a lower resistance pathway for holes than for electrons 
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Metal-semiconductor junctions:  Schottky-barrier (cont.) 

• Under illumination, holes flow to the right, and electrons accumulate in the 
semiconductor; 

• Fermi level shifts up in the semiconductor (accumulation of electrons); 
• Result is a photovoltage 
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Metal-semiconductor junctions:  Schottky-barrier (cont.) 



                                       .... energizing Ohio for the 21st Century 

Metal-semiconductor junctions:  Schottky-barrier (cont.) 

pm 

• In contact:  holes flow from the semiconductor to the metal, resulting in a layer of negative 
fixed charge in the semiconductor near the surface (and a positive image charge on the 
metal);  Fermi levels equilibrate; 

• Potential difference drops in the semiconductor (space charge, and/or depletion, region); 
• Result is a lower resistance pathway for electrons (to the metal) than for holes 
• Under illumination, electrons flow into the metal from the semiconductor 
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Metal-semiconductor junctions:  Ohmic contact 

nm  pm 

• Note that at Ohmic contact provides a low resistance pathway 
for majority carrier from the semiconductor to the metal 
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Organic PV:  Bulk heterojunction 

http://www-ssrl.slac.stanford.edu/sites/default/files/science-
highlights/images/2011/January/Verploegen--fig1_0.png 

http://depts.washington.edu/cmditr/mediawiki/inde
x.php?title=Organic_Heterojunctions_in_Solar_Cells 
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Organic PV:  simplified BH structure 

http://www.cfn.uni-karlsruhe.de/?id=221 

http://www.light.t.u-
tokyo.ac.jp/english/photovoltaic/Introduction.html 

M. Al-Ibrahima et al., Solar Energy Materials & 
Solar Cells 85 (2005) 13–20 
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Organic PV:  interface energetics 

http://depts.washington.edu/cmditr/mediawiki/images/8/84/Or
ganicheterojunctions.JPG 

http://www.physik.uni-
wuerzburg.de/EP6/research-oe.html 
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Dye-sensitized TiO2 solar cell 

M. Grätzel / Journal of Photochemistry and Photobiology 
C: Photochemistry Reviews 4 (2003) 145–153 

HOMO-LUMO transition 

~25 nm nano-porous TiO2 electrode 

“Reaction”:  S + h    S*              S+  + e- 
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Dye-sensitized TiO2 solar cell 

M. Grätzel / Journal of Photochemistry and Photobiology 
C: Photochemistry Reviews 4 (2003) 145–153 

Binding of dye (monolayer) to TiO2 through carboxylate groups;  photon absorption 
results in metal-to-ligand charge transfer (MLCT) and rapid injection (<20 fs) of the e- into 
the TiO2 CB. 


