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Consider a semi-infinite p-type silicon sample with 
NA=1015 cm-3 constantly illuminated by light absorbed in a 
very thin region of the material creating a steady state 
excess of 1013 cm-3 minority carriers. What is the minority 
carrier distribution in the region x>0? 

Example 1 
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Consider a p-type silicon sample with NA=1015 cm-3 and minority carrier 
Lifetime  τ=10 uS constantly illuminated by light absorbed uniformly 
throughout the material creating an excess 1013 cm-3 minority carriers 
per second. The light has been on for a very long time. At time t=0, the 
light is shut off. What is the minority carrier distribution in for t<0? 

Example 2 



Dr. Abdallah Hammad (2012-2013) 

Example 3 
In the previous example: What is the minority carrier distribution in 
for t>0? 



An excess electron concentration of 1013 m-3 is maintained at one side of a bar of 
p-type semiconductor. The excess electron distribution along the bar is given by 
the solution of the diffusion equation. Calculate the diffusion current density at 
the side where the injection is maintained. Assume that the temperature is 
300oK, the minority carriers mobility = 0.1 m2/V.s and the minority carrier 
lifetime = 0.01 μs. 

Example 4 

P-type

x=0
∆n = No=1013 m-3

X

x=∞
∆n = 0

Light

The minority carrier diffusion equation is given by: 
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Note: the light is absorbed in a very thin thickness in the bar so an 
excess of electron concentration is maintained at this side of the 
bar. The entire bar does not exposed to light. 
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a) A semiconductor “A” is transparent, while another 
semiconductor “B” is opaque. Which semiconductor has the 
larger energy gap? Why?  

Example 5 
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Example 6  
The figure has shown the energy band structure of a semiconductor. The 
electron’s energy is 0.5 eV and the hole’s energy is 0.25 eV. Calculate the photon 
wavelength needed to just raise an electron from the valence band to the 
conduction band. 

Electron energy UE = 0.5 eV 
Hole energy UH = 0.25 eV 

Eg

UE =0.5 eV

UH= 0.25 eV

2 eV

Electron

Hole

EC

EV

UE + UH +Eg = 2 eV 
Eg = 2 – (0.5+ 0.25) = 1.25 eV 

The photon wavelength needed to just raise 
electron from the valence band to the conduction 
band can be calculated using the energy gab using 
the following relation: 
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At x = 0 photons are incident on an N-type bar of length 2 mm and 
hence 1013 cm-3 excess electrons and holes are generated as shown 
in figure below, the diffusion length for minority holes is 1 mm, and 
all the excess holes vanish at the other end of the bar calculate the 
distance xo at which steady state excess minority holes drops to 
half its peak value.  

Example 7 

n-type

x=0 x= L =2 mm

X

photons

∆p= Po = 1013 cm-3
∆p=0

Note:  
The entire bar does not exposed to light Gi =0. 
Since the light is absorbed in a very thin thickness in the bar so an excess of holes 
concentration Po is maintained at x =0 
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Minority carrier diffusion equation: (at steady state)  
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