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Unit 1 Plan

1 Condensed matter

2 Metals

3 Classical free electron theory

4 Expression of electrical conductivity

5 Introduction to Semiconductors

6 Electrical conductivity of semiconductors

7 Hall effect

8 Concept of Panchabhuta
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Conductivity

In a semiconductor, there are two types of charge carriers – electrons and
holes. Each carrier is associated with corresponding mobility. Thus, the
mobility of electrons is µe and that of holes is µh.
From the classical free electron theory, the conductivity in terms of
mobility and charge density is given by

σ = neµ

In semiconductors, there are two channels for conduction. Thus, the
conductivity adds up and is given by

σ = neµe + peµh

Key Insight

Both electrons and holes contribute to conductivity
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Drift motion of electrons and holes
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Under electric field, electron and hole drift motion is anti-parallel.

Fe = −qeE, Fh = +qhE.

The sign of their charges are opposite.
Electron and hole drift current direction is parallel.
The total drift current density is given by jdrift = je + jh.
Drift current is proportional to electric field. jdrift = σeE+ σhE
Conductivity is written in terms of carrier density and mobility

σe = neµe , σh = peµh,

The drift conductivity is given by

σdrift = neµe + peµh
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Intrinsic semiconductor

For the intrinsic case, the number density of
electrons equals the number density of holes

n = p = ni

Thus, the conductivity is given by

σ = nie
(
µe + µh

)

Carrier density cm−3

ni−Si 1010

nCu 1022

Mobility cm2 V−1 s−1

µe [Si] 1400
µh [Si] 500
µ [Cu] 40

Estimate: Conductivity of intrinsic Si

Compare it with conductivity of copper.

Key Insight

Though the carrier mobility in metals is less than in semiconductors, very
much higher carrier density leads to higher metallic conductivity.
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Extrinsic semiconductor

n-type: Electrons are majority
charge carriers

n ≫ p, so that neµe ≫ peµh

∴ σ ≃ neµe

p-type: Holes are majority
charge carriers

p ≫ n, so that peµh ≫ neµe

∴ σ ≃ peµh

Material n (in cm−3) σ (in Sm−1 )

i-Si 1010 10−4

1 ppm n-Si 1016 2

Estimate: Conductivity of extrinsic n-type Si

P doping is 5× 1016 cm−3. Compare it with conductivity of intrinsic-Si.

Key Insight

Doping of the order of 1 ppm increases conductivity of silicon by six orders
of magnitude.
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