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Semiconductor basics







Illustration 15.1

n: # of free electrons (cm-3)

p: # of holes (cm-3)

ni: # of free electrons (cm-3) in the 

intrinsic(undoped) SC

ND: # of donor atoms (cm-3)

NA: # of acceptor atoms (cm-3)

n ~ ND for n-type SC

p ~ NA for p-type SC 

np = ni
2



Energy scales

Evacuum[eV] = -4.44 ïqE0

Illustration 15.2



Potential vs. energy (vs. vacuum)



Example: Potential vs. energy (vs. vacuum) 

HOMO, LUMO



Semiconductor-electrolyte interface



n-type

A.J. Bard, L. R. Faulkner, Electrochemical Methods, Wiley, 2001.



p-type

Illustration 15.3



Light absorption

E (eV) = 1,240 / ɚ(nm)



A.J. Bard, Integrated Chemical Systems, Wiley, 1994.



Illustration 15.5



Photoelectrochemical effects



RadiationenergyÚ electricalor chemicalenergy

¶photoelectrochemicalsystem: absorptionof light by the system(e.g., sun light)
­ chemicalreactions& flow of current

¶semiconductor:
absorbphotons­ electron-holepairsÝ oxidation/reductionreactions­ products

(photocurrent)

Photoelectrochemistry at semiconductors



- Hydrogen fuel production (H+ or H2O reduction): i) kinetically difficult ­
catalyst,ii) recombiningelectronsand holesand lowering the efficiency of the
photoreactionunlessrapidchemicalreaction

2H+ + Red ­ H2 + Ox
Red: sacrificial(electron)donor

e.g., Photoproductionof H2 on p-GaAs with methyl viologen & colloidal Pt
(J. Am. Chem. Soc., 102, 1488(1980))



Very slow H2 photoreactionon GaAs (high hydrogenoverpotential)­ fast
reactionof MV 2+/1+ + Pt (fast hydrogenevolution)­ viologen + polymer/self
assemblyetc

e.g., CdS particles in Nafion 



¶Generalphotoelectrochemicalsystemfor conversionof solarenergy(sunlight)
to usefulchemicalproducts

Ox + Red¡+ hn­ Red + Ox¡
e.g., H2O ­ 2H2 + O2 or H2, Cl2, OH- from NaCl solution 


