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mit e- besetzte Donatoren:

No, =N, (1 + exp( (E,-)/k,T) )"
mit h* besetzte Akzeptoren:

N, =N, ( 1+ exp( (u-E)/kgT) )™

Nun far gegebene N,, N, u so variieren, dass alle Gleichungen erfillt



hier nur Spezialfall:

n-Typ d.h. N,=0 (oder N, » N,)

extrinsischer Bereich d. h. N*;» n, (also kleine T)

folglich n = N*,

Tafel



log n

Gradient E4/2k
Fig.12.10a Ibach-Lith
Conduction band e concentration n
of n type semiconductor
: for two donor concentrations N';> N,
"'—-—.-——-\ Gradient Eq/2k E,: width of the forbidden band

E . ionization energy of the donors

Fermi energy E_(T)

g]gin- Saturation Freeze-out
i .
TRange Range Range E_: lower conduction band edge
EC S S ///"///j_////_/!// VIOV TI I IIIN IS A
R _TE__ sy I o o e e E . upper valence band edge
d b .
Fermi Energy Er (T) E.: Fermi level of intrinsic semiconductor
. Mﬂ:-o---.-.u-.-n.un.." L R R Y T TR e Eg

////////’///////////////,L//////////////////////////

Very low T:

>

Overlapping impurity states cause band

: -1
Recmrocal temperature T Conductivity of impurity band



Abhéngigkeit des Fermi-Niveaus von der Temperatur bei einem n-Halbleiter

WeiBmante | Hamann

Dotierung: 1 A N3 2 A Npo; 3A Npg; Np; < Npe < Npg
4

Tafel: MWG



Only Ge is clean enough.
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Conductivity of n-type Ge
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Schematic Mobility u(T)
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Mobility (cm?/Vs)
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Einfluss von Unordnung
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10.16 Marder
In a fully coordinated but distorted tetrahedral semiconductor like Si, disorder causes a spread

of the levels into the region of the energy gap of the perfect crystal. These so-called tail states
arise from the distorted bonds and are considered to be localized and non-conducting. The

energy gap is replaced by a mobility gap.



Amorpher Halbleiter (preisgunstige Solarzellen)
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10.17 Marder

In practice an amorphous semiconductor contains imperfectly coordinated atoms, leading to
uncompensated or 'dangling' bonds. Each such bond produces a localized electron and a

localized empty state. On account of their quasi-atomic character, these states are concentrated

about the middle of the energy gap; they are sufficiently numerous to lock E_ at 1/2 E,.Asa

consequence, the amorphous semiconductor becomes insensitive to doping.



