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Equilibrium concentrations, V = 0
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Bias voltage, V =0
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Bias voltage, V # 0
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Bias voltage, V # 0
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Forward bias, V > 0

log(Carrier Densities) Electrons and holes are driven
173 - towards the junction.
o _ Py The depletion region becomes
narrower
125
7] 10.0 pn(Xn)
Qs O eV
n (X,)=n,exp| —
5.0 P P P kBT
25 eV
3 2 -1 0 1 2 3 X )= ex _—
x [um] pn( n) pnO p kBT
+| |

Minority electrons are injected into the p-region
Minority holes are injected into the n-region



Reverse bias, V < 0

Electrons and holes are driven away from
log{Carrier Densities) the junction.
% _ The depletion region becomes wider
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Minority electrons are extracted from the p-region by the electric field
Minority holes are extracted from the n-region by the electric field



Quasi Fermi level

When the charge carriers are not in
equilibrium the Fermi energy can be

different for electrons and holes.

n=N, exp(EF” _ ECJ
kT

E —E
=N ex v PP
S

0.5

0.0

-0.5

-1.0

-1.5

1
[

x [um]




Review of Diffusion
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Diffusion current
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Diffusion current

eD,
‘] diff ,p (pn(x ) pnO) L

\ p pn(xn): ppO eXp(_e(Vbi _V)j

KT
e(V.. -V eD,
‘J diff ,p [ppo exp( ( IEBT )j pnoj L

p

N eV,
ppO — pnO eXp

eD eV
Jyc o= Pog—| €x —1
diff ,p pnO I—p [ p( kBT j j




Diffusion current
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Diode current
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Diode I-V charateristics
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Thermometer
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Short diode
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Diffusion current
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Short diode current
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Real diodes

RRED

n = nonideality factor
n =1 for an 1deal diode
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Real diodes
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gf‘nTratlon/ll'lecomb.matlon s p nk,T Very high bias: series
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Zener tunneling

Electrons tunnel from valence
band to conduction band

Occurs at high doping
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Tunneling

wave decays exponentially in the
classically forbidden region

Tunneling is a wave phenomena. Tunneling and total internal reflection
are used 1n a beam splitter.



Zener tunneling

Breakdown voltage 1s typically much lower than the
breakdown voltage of an avalanche diode and can be
tuned by adjusting the width of the depletion layer.

Used to provide a reference voltage.



Avalanche breakdown

Impact 1onization
causes an avalanche of
current

Occurs at low doping
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Breakdown voltage V 2 (V)

Avalanche breakdown
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metal - semiconductor contacts

Photoelectric effect Anode Cathode
Schottky barriers _M-I_
Schottky diodes

Ohmic contacts

Thermionic emission
Tunnel contacts 11,
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