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Ballistic transport
Drift

Diffusion
Tunneling



Diffusion
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Diffusion 1s from high concentration to low concentration.
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Einstein relation
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In equilibrium, drift = diffusion
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Uber die von der molekularkinetischen Theorie der Wirme geforderte
Bewegung von in ruhenden Fliissigkeiten suspendierten Teilchen



Current Density Equations

Drift Diffusion
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In Equilibrium

—

g = enan’ +eD,Vn

The electric field is proportional to the gradient of the conduction band edge
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If the Fermi energy is constant,
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This means that the current density in a semiconductor where the Fermi
energy 1s constant is zero.



Current Density Equations

note: electron and hole currents have same direction

electric current = charge x particle flow
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Continuity equations
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J» and j, consist of drift and diffusion terms
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Generation and Recombination

Gz‘h

A

A

Rz‘h

thermal
equilibrium

Shining light on a semiconductor or injecting electrons or
holes from a contact can result in a non-equilibrium
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Recombination
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Recombination rate 1s limit by the density of minority carriers.
The majority carriers have to find a minority carrier to recombine.

p,, (or n,) = minority carrier concentration
P (01 1) = equilibrium minority carrier concentration

T, = minority carrier lifetime A
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minority carrier lifetimes
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minority carrier
n-type lifetimes
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Diffusion Length
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Generation only occurs at the surface. There the
minority carrier density is p,(0).



Diffusion Length
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diffusion length,
typically microns



Haynes Shockley experiment
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Drift velocity (em/s)
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Carrier drift velocity (em/s)
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Impact ionization

Carriers are accelerated to an energy above the gap before they
scatter. They generate more electron-hole pairs. This results in an
avalanche breakdown of the device.



Photoconductivity
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Light increases the conductivity of a
semiconductor.



Laser printer

semiconducting /
photoconductor -
maging
Drum
Beam Scanning Path
Beam
Alignment
Lens
RIP
Image Buffer
0110000000110

0011001001100
0011011101100
0001110311000

0001100011000

Scanning
Mirror



TU

Grazms Institute of Solid State Physics

Technische Universitat Graz

pn - Junctions




TU

Grazm Institute of Solid State Physics

Technische Universitit Graz

pNn junctions

pn junctions are found in:

diodes % ?%7

solar cells oo }I—

LEDs \ ol i /
1solation %

JFETSs p type
bipolar transistors

MOSFETs

Lasers diodes

P»In



pn junction

1solated semiconductors
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pn junction

semiconductors 1n contact
electrons flow from n to p
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pn junction

semiconductors 1n contact
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Intrinsic semiconductor

Abrupt junction: the doping changes abruptly from p to n



Built-in voltage V,,
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Vbi
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Depletion width

Band diagram
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http://lampz.tugraz.at/~hadley/psd/L6/Vbi.html



Vbi

Can V,, perform work?
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p and n profiles
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space charge
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electric field
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E pushes the holes towards p and the electrons towards n
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potential
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abrupt pn junction
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