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Today’s Discussion 

• Summary of previous lecture:

– Optical absorption

– Direct Recombination of Electrons and Holes

• Steady State Carrier Generation

• Photoconductive Devices
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Quick Recap 
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We have introduced the following optical processes in 

a semiconductor material: 

 

1. Absorption of light as a function of space 

 

2. Recombination process after a uniform distribution 

of excess carriers has been generated (and the 

illumination is abruptly interrupted) 

 

Today we will discuss a third process: 

 

3. Steady-state generation of excess carriers under 

continuous illumination 



1. Optical Absorption 
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l dx 

intensity 
I0 



2. Recombination of Electrons and Holes 
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Now we pump electrons into the conduction 

band by a short flash of light that ends at t = 0 

initial condition  

assumption 

We have obtained the evolution equation 



2. Recombination of Electrons and Holes 
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Last term can be neglected in the case of “low level injection” 

In extrinsic semiconductor, we can predict 

the decay of minority carrier concentration 

due to recombination. 



Low-level injection conditions → Simplification 
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Extrinsic semiconductor p-type 

Neglect equilibrium 

minority carriers 



Low-level injection conditions → Simplification 
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Extrinsic semiconductor n-type 

Neglect equilibrium 

minority carriers 



Low level injection conditions → Simplification 
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More generally you can use this formula 

It works for both p- and n-type material in 

low level injection conditions 



Remember this problem? 

• Resistivity 

35 Can we increase the current somehow (i.e. increase carrier concentration)? 



Assume photogeneration of 1016 cm−3 

36 Current has increased ~ 600,000 times.  What uses could have this device? 



To explore more the EM spectrum, download this desktop Java App 
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Steady State Carrier Generation 

• After analyzing the transient decay of an 
excess electron-hole pair (EHP) population, 
we now look at the steady-state regime. 
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Again, we give another look at thermal equilibrium.   

At any temperature T there is a thermal generation rate  



Steady-state thermal equilibrium 
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Thermal recombination rate = thermal generation rate 

𝐸𝐶 

𝐸𝑉 

with 𝛼𝑟 a proportionality constant. 



Steady-state generation of excess EHP 

40 

Total generation rate 

Steady state (and no trapping) 

Low-level excitation 



Steady-state generation of excess EHP 

41 

Steady-state excess 

carrier concentration 

If                    (e.g., recombination via traps)  



Photoconductive Devices 

• Conductivity before illumination 

 

• After illumination, change in conductivity 

 

 



Photoconductive Devices 

 

 

 

 

 

• For high sensitivity  

– High mobility 

– Long recombination times 

  



Some Photoconductive Materials 

IR 

IR 

VIS 



Example 

• Consider Si at T=300K and 𝑛𝑜 = 1014cm−3 
 

• Optical generation 1019EHP cm−3 s  

• Recombination lifetimes   
𝜏𝑛 = 𝜏𝑝 = 2 × 10−6s 

 

• Steady-state concentration 

 𝛿𝑛 = 𝛿𝑝 = 𝑔𝑜𝑝𝜏𝑛 = 
= 1019 × 2 × 10−6 = 2 × 1013cm−3 



Example 

• Holes equilibrium concentration  

𝑝𝑜 =
𝑛𝑖
2

𝑛𝑜
=
2.25 × 1020

1014
= 2.25 × 106cm−3 

• Holes total concentration 

𝑝𝑜 + 𝛿𝑝 = 2.25 × 106 + 2 × 1013 ≈ 2 × 1013cm−3 
 

• Electrons total concentration 
𝑛𝑜 + 𝛿𝑛 = 1014 + 2 × 1013 = 1.2 × 1014cm−3 

 

𝑛𝑜𝑝𝑜 = 𝑛𝑖
2 

𝑛𝑝 ≠ 𝑛𝑖
2 

 



Example 

• Quasi-Fermi level for electrons 

𝑛𝑜 + 𝛿𝑛 = 𝑛 = 1.2 × 1014cm−3 

𝑛 = 𝑛𝑖exp
𝐹𝑛 − 𝐸𝑖
𝑘𝐵𝑇

 
 

0.0259 × ln
1.2 × 1014

1.5 × 1010
= 𝐹𝑛 − 𝐸𝑖 

 

 

 

 

𝐹𝑛 − 𝐸𝑖 = 0.0259 × ln 8 × 103 = 0.233eV 

 



Example 

• Quasi-Fermi level for holes 

𝑝𝑜 + 𝛿𝑝 = 𝑝 = 2 × 1013cm−3 

𝑝 = 𝑛𝑖exp
𝐸𝑖 − 𝐹𝑝
𝑘𝐵𝑇

 
 

0.0259 × ln
2 × 1013

1.5 × 1010
= 𝐹𝑝 − 𝐸𝑖 

 

 

 

 

𝐸𝑖 − 𝐹𝑝 = 0.0259 × ln 1. 3 × 103 = 0.1864 eV 

 



Example 
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0.233eV 

0.186eV 




