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pn junction in equilibrium
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pn junction under forward bias (VA > 0)
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forward-biased current (VA > 0)
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See:  R.F. Pierret, Semiconductor Fundamentals, pp. 244-246, Addison-Wesley, 1996.
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metal-semiconductor junction in equilibrium 
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metal-semiconductor junctions (forward bias) 

EC

EF

0
x

φBn

-xn

q Vbi −VA( )
JMSJSM

J = qNDυRe−qVbi /kBT eqVA /kBT −1( )

υT =
2kBT
π m* = 2υR

JMS = q
ND

2
⎛
⎝⎜

⎞
⎠⎟
υT e−qVbi kBT

J = JSM − JMS

JSM = q
N D

2
⎛
⎝⎜

⎞
⎠⎟
υT e−q Vbi −VA( ) kBT



Lundstrom EE-612 F06 9

metal-semiconductor junctions
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MS junction summary
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heterojunctions
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Np heterojunction e-band diagrams
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band line-ups
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Observed band line-ups
(courtesy of Jung Han,

now at Yale Univ.)

See also:
“Heterostructure Fundamentals”

unpublished notes by
M.S. Lundstrom
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forward-biased homojunctions
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generalized law of the pn homojunction
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generalized law of the pn homojunction (ii)
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Fermi level droop
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heterojunctions under bias
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generalized law for heterojunctions
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generalized law for heterojunctions (ii)
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Fermi level droop
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band spikes and MS diodes
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band spikes and junction bias
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heterojunctions with no band spike
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heterojunctions with no band spike (ii)
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summary
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question

Without using the formal derivation presented here, can you clearly 
explain using only words and figures  (and perhaps, some very 
simple equations) why a band spike suppresses the current?
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