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Solar spectrum



Solar cell efficiency trends



Semiconductor conceptsp

• Bandgap conduction band valence band band edges• Bandgap, conduction band, valence band, band edges
• Electrons and holes
• Mobility
• T = 0 behavior thermal excitation or population (Fermi distribution)T = 0 behavior, thermal excitation or population (Fermi distribution)
• Doping
• P‐N junction
• Rectification (diode behavior)( )
• I‐V Measurements



Bandgap (complicated)



Bandgap (simplified)
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Bandgap

“Photoelectrochemical cells”
Michael Grätzel
Nature 414, 338-344(15 Nov. 2001)
doi:10.1038/35104607



Mobility

Adapted from Wikipedia, the free encyclopedia

Mobility is a quantity relating the drift velocity of a charge carrier to the 
applied electric field across a material, according to the formula:

vd = E

where

vd is the drift velocity in m/s;
E is the applied electric field in V/m;
 is the mobility in m2/(V∙s).

Amixed mobility unit of 1 cm2/(V∙s) = 0.0001 m2/(V∙s) is also often used.A mixed mobility unit of 1 cm /(V s)   0.0001 m /(V s) is also often used.
It is the application for electrons of the more general phenomenon of 
electrical mobility of charged particles in a fluid under an applied electric 
field.

In semiconductors, mobility can apply to electrons as well as to holes.



Fermi‐Dirac distribution

Energy dependence. More gradual at higher T.      =0.5 when  = . 
Not shown is that μ decreases for higher T.[13]

in



Fermi distribution ( > )



Semiconductor Dopingp g

Paraphrased from Wikipedia the free encyclopediaParaphrased from Wikipedia, the free encyclopedia

In semiconductor production, doping is the process of intentionally 
introducing impurity atoms into an extremely pure (also referred to as 
intrinsic) semiconductor to change its electrical properties.  The impurity 
atoms chosen depend on the specific type of semiconductor.  Lightly‐ and 
moderately‐doped semiconductors are referred to as extrinsic (i.e., 
i t ti ll d d) A i d t d d t h hi h l l th t itintentionally doped).  A semiconductor doped to such high levels that it 
acts more like a conductor (i.e., a metal, with many free electrons) than a 
semiconductor is referred to as degenerate.



P‐N Junction (at equilibrium)( q )



Shockley diode equation

The Shockley ideal diode equation or the diode law (named after transistor 
co‐inventor William Bradford Shockley) gives the I–V characteristic of anco inventor William Bradford Shockley) gives the I V characteristic of an 
ideal diode in either forward or reverse bias (or no bias). The equation is:

)/( VV )1( )/(  TD nVV
S eII

I is the diode current,,
IS is the reverse bias saturation current,
VD is the voltage across the diode,
VT is the thermal voltage, and
n is the ideality factor, which varies from about 1 to 2 depending on the 
fabrication process and semiconductor material and in many cases is assumed 
to be approximately equal to 1 (in which case the notation n is omitted).

from Wikipedia.org



Thermal voltage?

TkV B
T 

qT

approximately 25.85 mV at 300 Kapproximately 25.85 mV at 300 K



Dark I‐V measurement (solar cell)( )

from pvcdrom.pveducation.org



Green LED data
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Red LED data

40x10-3

Red LED
Fitti ith t i i t
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I(0) = 3 6 E-18 A

Fitting without series resistance as
I(V) = I0(exp(V/n*k*T) - 1)

20

C
ur

re
nt

 (A
) I(0) = 3.6 E-18 A

n = 1.75

10

C

0
2.01.51.00.50.0-0.5

Bias Voltage (V)



Red LED data
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Red LED
Fitting without series resistance as
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I(0) = 3 6 E-18 A

Fitting without series resistance as
I(V) = I0(exp(V/n*k*T) - 1)
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