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Semiconductors
 Semiconductors are those materials whose conductivity lies in between the conductivity of
conductors and insulators.
 At 0K, semiconductors behave like a insulators.
 At room temperature the resistivity of semiconducting materials lies in the range of 10-3 to
10-8 ohm cm.
 The three most important semiconductors used in the construction of electronic devices are
Si, Ge and GaAs.

Important properties of semiconductors (at RT)
Si

Ge

GaAs

Electrons mobility ((m2
/ V / s))

0.14

0.39

0.85

Holes mobility (m2 / V /
s)

0.05

0.19

0.04

Bandgap (eV)

1.1

0.67

1.43

Intrinsic carrier (/cm3)

1.5×1010

2.5×1013

1.7×106
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Conductors, Insulators and Semiconductors

 In conductors valence band (VB) and conduction band (CB) overlap hence no bandgap.
 In insulators there is large bandgap (typically 5 to 10eV) between VB and CB. In insulators
VB is completely filled and CB is completely empty.
 In semiconductors bandgap between VB and CB is low.
The resistivity of semiconductors generally decrease with increasing temperature (resistivity
of Si is -.07/oC and that of Ge is -0.05/oC) in contrast with that of metals which generally
increases.
(Why?)
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Semiconductors
When an electron in the valence band of a
semiconductor makes a transition to the
conduction band, it leaves behind a vacant
state known as a ‘hole’.
When a potential difference is applied
across the semiconductor sample, the
electrons in the conduction band result in a
current flow.





Conduction band

Hole

Valence band

However the electrons in the valence band also contribute to the current by
filling the empty states (or holes) left behind by electrons that have made
transitions to the conduction band.
Both electrons and holes contribute to conduction, and the resistivity
decreases.
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Semiconductors (SC)

Elemental SC

III-V

II-VI

IVA V A VIA

Compound SC

IV-VI

IV-IV

 Compound SC may be binary, ternary or quatarnary SCs.
 III-V SCs - GaN (3.4eV), InN (0.7eV), AlN (6.2eV) , GaP, GaAs, InP, InAs, InSb
 II-VI SCs – ZnS(3.68eV), ZnSe, ZnTe, CdS(2.42eV) , CdSe, and CdTe
 IV –VI - PbS(0.41eV), PbSe (0.27eV), and PbTe (0.31eV) – Useful for infrared
detectors and radiation sources
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Taken from SMA-5111 – Prof. Fonstad
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Crystal Structure of Si (IV elements)
The diamond cubic structure consists of two interpenetrating face-centered
cubic lattices, with one offset 1/4 of a cube along the cube diagonal.
Each of the atoms (e.g., C) is four coordinate, and the shortest interatomic
distance (C-C) may be determined from the unit cell parameter (a).
C-C = a(3)0.5 / 4 = 0.422a

Diamond
C, Si, Ge, Sn, ...

Zinc Blende
GaAs, InP,..etc...
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Intrinsic semiconductors
 In pure state semiconductor is called intrinsic
semiconductor.
 At room temperature a few electrons have
sufficient energy to overcome the bandgap and
contribute to the current.


2
i

n. p = n

also valid for extrinsic SC

Intrinsic Si

Extrinsic semiconductors (doped intrinsic semiconductor)
 The incorporation of impurity elements (dopants) in an intrinsic semiconductor by a
controlled way is called doping.
 The objective of doping is to increases the conductivity of a semiconductor.
 The main dopants are from column V ( for n-type semiconductor) and Column III
elements (for p-type semiconductor).
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Extrinsic semiconductors (doped intrinsic semiconductor)
n-type semiconductor
•

•

Silicon samples doped with a pentavalent atom
such as arsenic is known as an n-type
semiconductor because conduction is due to
negative charges (electrons).
Since each pentavalent atom essentially
‘donates’ an electron to the lattice, it is called
a donor atom.

n-type Si

p-type semiconductor
•

Silicon samples doped with trivalent
atoms such as gallium are known as ptype
semiconductors
because
conduction is due to positive holes.

 Note that both n-type and p-type
semiconductors are electrically neutral.

p-type Si
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n and p-type Semiconductors



In n-type semiconductors the ‘impurity’ energy level lies very close to the conduction band. Electrons
are readily promoted to the conduction band from the ‘impurity‘ level which is, therefore, known as
2
the donor level. Majority carriers concentration n = Nd and minority carriers

p = ni



n

In p-type semiconductors the ‘impurity’ level lies just above the valence band. Electrons are readily
accepted from the valence band leaving holes behind. The ‘impurity’ levels are therefore known as
2
acceptor levels. Majority carriers concentration p = Na and minority carriers

n = ni

p
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Main dopants and their ionization energies
Ionization energies for dopants in Si & Ge (eV)
Type

n-type

Element

Si

Ge

P

0.044

0.012

As

0.049

0.013

Sb

0.039

0.010

B

0.045

0.010

Al

0.057

0.010

Ga

0.065

0.011

In

0.16

0.011

p-type
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