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Focus

So far, we have been looking at equilibrium 
conditions in a semiconductor. 

Here we will start to investigate what happens when 
something changes.
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Majority and Minority Carriers
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Quasi Fermi level
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There is a significant change in the p - quasi Fermi level
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Quasi Fermi levels
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Movement of minority carriers
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Thermal or Light generation results in e-h pairs!

The population of majority carriers may not be altered.

But, the minority carrier population will be greatly 
affected, with an enormous increase in population 
density.

These carriers will then tend to drift (if there is an electric 
field) diffuse and recombine with the much larger 
population of majority carriers.
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Nomenclature notes
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Equilibrium populations:
00 np pn

Non-equilibrium populations:

nnnppp pppnnn  00

Excess populations: np pn 

Derivatives:
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Non-equilibrium recombination
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The decrease in the number of the excess minority 
carriers will be proportional to the number of excess 
minority carriers, thus:

n
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In equilibrium, generation equals recombination.

But what if the generation ends – non equilibrium?
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2nd year E&M
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Current Gradients
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Putting this together with the recombination rate:
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Then we need to consider the current densities:
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Add Drift & Diffusion
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The drift and diffusion of the minority carriers is 
unchanged from before:
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Continuity Equations (1)
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This simplifies to:
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G
dx

pd
D

dx

d
p

dx

dppp

dt

dp n
pnp

n
p

p

nnn 



2

2

0  


And we then add generation:

G
dx

nd
D

dx

d
n

dx

dnnn

dt

dn p

npn

p

n

n

ppp





2

2

0  


9.12



  

PY4118 Physics of 

Semiconductor Devices

Continuity Equations (2)
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At steady state:

These equations can be solved for various condition.
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Example A
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Steady state carrier Injection at boundary, with no Field/light:
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Where:       is the steady state injected carrier densityA

And:       is the diffusion length prior to recombinationnL
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Example B (1)
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Uniform light generation at:             with no field:       0t
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Example B (2)
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Example C (1)
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William Shockley – 1956 Nobel Laureate in Physics

1948 Shockley – Haynes Experiment

Independent measurement of drift and diffusion.
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Example C (2)
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After a pulse is injected:
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Example C (3)
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So, the PDE simplifies to:
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This is the heat or 
diffusion equation
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Example C (4)
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Example C (5)
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The full solution (with field) is:
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And, different parameters can be extracted from the 
experiment.

http://en.wikipedia.org/wiki/Heat_equationSee:
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txx p

http://en.wikipedia.org/wiki/Heat_equation
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Example C (6)
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The carrier pulse broadens 
through diffusion as it drifts 
along the semiconductor.
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Example C (7)
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Final Note
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Using the Einstein Relations (Slide 7.18)…
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