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pn junction In equilibrium
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pn junction under forward bias (V, > 0)
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forward-biased current (V, > 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)
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metal-semiconductor junctions
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MS junction summary
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heterojunctions
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Np heterojunction e-band diagrams

conduction band “spike” no spike
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band line-ups

MnTe*

16 e Observed band line-ups

12 (courtesy of Jung Han,
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chs T Zpse now at Yale Univ.)
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See also:

1.2 1 “Heterostructure Fundamentals”
16 unpublished notes by
\ Midgap data is from [Ter86b] - M.S. LundStrOm

Bandgap data is from [Pan71]
*Band offset between MnTe and CdTe is derived experimentally from [Han91]

[Ter86b] J. Tersoff, Phys. Rev. Lett. 56, 2755 (1986).
[Pan71] J.I. Pankove, O ptical processes in semiconductors, Dover Publications, Inc., NY (1971).
[Han91]J. Han et al.,J. Cryst. Growth 111, 767 (1991).
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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

N = n el o)-E (o0)keT
D i

N (xp ): n e(Fn (xp)—Ei (x,) kg T

E
----- AF, = F, (-0)— F,(X,)

[AFn =k, T In(1+ qu/uR)]

_________ Y
Fn ///ﬁ AFn
EV
Xp

> It vy, <<y

AF, =0

Lundstrom EE-612 FO6 18



1)
2)
3)
4)

o)

outline

The “Law of the Junction” (for pn homojunctions)

MS and Heterojunctions

Generalized “Law of the Junction” (homojunctions)

The Generalized Law for Heterojunctions

Summary

Lundstrom EE-612 FO6

19



heterojunctions under bias
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generalized law for heterojunctions
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generalized law for heterojunctions (i)
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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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for homojunctions or heterojunctions with no band spike:

Dpo = Uy Vg, >> Uy, (typically)

for heterojunctions with a band spike
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guestion

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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