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THE CLASSIFICATION OF MATERIALS IN TERMS OF ELECTRICAL CONDUCTIV liIRY4
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conductivity
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p~ exp(-T) p~T

10E+6(Km)E-1

10E-6(Km)E-1
12 orders of magnitude!

(in room temperature)
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Semiconductors - their important feature is that the conductivity may vary over a
wide range due to changes in temperature, light or introduced dopants
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SILICON ATOM

atomic number of elementary charge of mass of the electron

the element (Zsi=14) the electron (1.6E-19C) (1.78E-31kg)

AE
\‘Z\e“ r‘(
= n°h?

the number of / / permittivity of the vacuum

electron shell Planck constant  (g.854E-12F/m)
(6.625E-341s)
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If the band gap 23 the distance between
- leVe==) 10 “eV

energy levels
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INTRINSIC SEMICONDUCTORS

in temperature T=0K

Two-dimensional model of a
semiconductor from IV group

Energy band model

Ec
Ev

Ec- B =Ej[eV]
np. for Si A Eg=1.1eV energy gap
for Ge A Eg=0.67eV
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in temperature T>0K

genera%r‘ \\recombination

Generation of electron-hole pairs can occur, for example under
the influence of heat, light, radiation, ionization collision
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!!! BAND MODEL OF ELECTRIC CONDUCTION

Eg>3ev
Eg<dev

10E-6(Km)E-1 10E+6(Km)E-1
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k=8.62E-5eV/K=1.38E+23J/K - BoltzmannQ@bnstant

E
! 1 >
. f =Ry AN —F
What is EF ? (&) E-E: 5
1+e kT
Energy state located at the FermA SléR&l can be taken by an electron
with the probability of 0.5
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electrons holes
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In Icn?Si thereis " -—) In silicontheenergy o)
10%atoms \3 gapis:Eg=1.1eV d

o0 l o2
—/ If the average thermal energy’
= KT of lectronat
of anelectronat room \!

3  Eg @  (emperaturdl = 300K, is
n (T) = AT 2e 2kT Et = 0.025 eVthen how thegan

e o 3 overcomehe energy gap?
n (300K ) =1.5G0'°cm

> A . Sufficient energy to overcome the energy gap ir
so,in Imm® we can find silicon at room temperature has one electron to
1.5x10E+13 atoms!!

15 millionsof free electrons !!!
and the same number of holes ;)) 2B
®) (@,
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concentration changes in the intrinsic silicon at
the ambient temperature T = 300K?

4

we should calculate: dn

What is the sensitivity of free electrons and holes @
3

after substituting thelat

we obtairfh (300K ) =8.3%
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Donor dopant, for
example: P, As, Sb

n (number of electrons) =
In doped n-type semiconductor, electrons are the majority
carriers and holes the minority ones!

At room temperature, electrons pass from the donor band to the conduction band.
After losing an electron, dopant atoms will be positive ions.
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1 DOPED SEMICONDUCTORS

Acceptor dopant, for
example: B, Al, Ga, In

0.05eV

p _(number of holes) = NA
In doped p-type semiconductor, holes are majority carriers

and electrons the minority ones!

At room temperature the electrons from the valence band pass on the orbits of the dopant
atoms. Upon receipt the electrons, the dopant atoms become negative ions.
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1 DOPED SEMICONDUCTORS
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Np=0 0 Na=0
< >
Na Nb
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Temperature dependence of carrier concentration in the
donor semiconductor
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Doping causes a stabilization of a number of carriers at a
relatively high temperature range!
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to 1 million silicon atomgSi +4) ??2?

Q.
What will be the effect of dopingj:arsenic atonfAs +5) '
N

The ingy, .
' With 5 d:::;ct'on of j
In IcntSi there is
10*%atoms
After doping we obtain = ZQOB[WT\]
G L7 ; 3
—_— =10"" arsenic atoms I e ne = 2Q00 [V

106 E»
andthe same numbef free electrons
in room temperaturel—=,
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i ELECTRICAL CONDUCTIVITY IN e

SEMICONDUCTORS

R

In the absence of an electric field the electrons follow a chaotic
motion. At room temperature, the average thermal velocity is

F0o2dzu Xo&
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contact

)
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| I
Upon application of an external electric field, there appears a uniform movement

of electrons ¢ drifting the free carriers in an electric field.
G NBBY GSYLISNI 0 dNB K S -
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Drift current density ¢ 1-D considerations

electric charge flowing through a surface S during time dt:

dQ=ncQ, @itG+ ple@, @it

current density:

J :ldiQ
S dt

J=neQ, + peQ,

I O02NRAY3 (2 hKYQ&
J=sE

Vv, = ITZE mobility of electrons

Vp = /'rgE mobility of holes
s0, the conductivity:

s =elnm + pmy)

for silicon knF 0pk
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Diffusion of electric carriers

Diffusion currents occur in the states of
imbalance in a semiconductor material
where the carrier concentration becomes

heterogeneous.
dr(x) The electric carriers move from an area of
dx <0 high concentration to the area of low
concentration, until the distribution of free
I X > carriers is homogenous.
dn(x)
[ I B R I e ) J=- q D=/
® © © © © e / dx
@ @ @ (= (= &
diffusion coefficient
[ ) wr ) ) )
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Do Do KTy = 26my(T = 300K)
mom €
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