ELECTRONI, .S

ign Division

Introduction to Semiconductor
_ Technolgy

&




Outline

— Atoms and Electrons

— Energy Bands and Charge Carrier in
Semiconductors

&

Mittuniversitetet

MID SWEDEN UNIVERSITY




The Photoelectric Effect

Ep, E, = hv — q®

Light

E=hv
Electron :
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Schrodinger's equation simple
example

Particle in a pOte ntial-box Energy levels for a particle in a potential-box
I:Epf.t.‘) i n=4 Ey=16E,
% n=23 .M;g = gﬂrl
B
&Eﬂ : Y~sin kx =0 _— Ey=4E,
0 o Y n=1 £y =ﬁ21r2/2nm2
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Fig. 2-6. One-dimensional potential
box of width a.

k=21t/\ wave-vector L
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Schrodinger's equation simple
example

Wave function for a “thin” potential barrier
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Schrodinger's equation simple
example

PERlODISI( POTENTIAL
V(x)

lbk(x) = U(k,, x)e*

LLLLE

-(a+b) -b O a a+b

Potentialbarriar mellan jonerna. Men barridaren
ar inte oanligt hog eller bred vilket gér det mojligt for
valenselektronerna att tunnla genom den.
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Crystal Bonds

Ton Bonds

Kovalent Bonds
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Pauli principle
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Energy band (Silicon)

b Pauli principle

o *For the formation of the
m crystal, the wave functions
W overlaps so the electrons are

by split up into energy bands

u with 4N state. Which result in
JaLece a valence band and a

Ltrdiz..) conduction band

5.43 A LATTICE SPACING
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Energy band

Det verklige avstindet mellan stomerna i halvledarna germanium

och kisel framgar av fig. 4.8. Energigapet EE dr fér kisel ca

1,1 eV och f&q germanium ca 0,72 eV, .

mrel E (diamant)=5 eV

Ledningsband

I : : Yalensband
I I
|

1 - =d
. .. € Si Ge ; . . .
Fig. 4.8. Energibanden fér diamant (C), germanium (Ge) och kisel (8i).
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Real band structures for Si and GaAs

Silicon has indirect
bandgap Eg=1.12 eV

GaAs has direct bandgap
Eg=1.43 eV

Energy (eV)

L [111] T [100] X L [111] T [100] X
K

Wave vector
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Energy band in solid material

Figure 3-4
Typical band
structures at O K.

[nsulator Semiconductor Metal
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Direct and indirect bandgap

Ey £) «Semiconductors with a
direct band gap can emit
photons

PR *Semiconductors indirect
nonase T, E,—?— bandgap can emit

Iy photons through a defect

, . . level in the band gap
/)\ ' m ) *In general, the indirect
semiconductors does not

(a) Direct (b) Indirect emit photons, instead the
energy is transferred into
heat
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Tailor the bandgap for GaAs and AlAs
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Electrons and holes (intrinsic material, undoped

without defects)

Electrons in conducting band

*At T = OK there are no
electrons in the conduction
S— band and the semiconductor
IS as an insulator

Eg *When T> To there Is a
number of electrons in the
conduction band and the
semiconductor can conduct
an electrical current

_—Si

Holes in valens band
\\‘// e~.\\./<e_ \\ oles 1n valens ban
e SR g N\

€~ : Electron

h‘/
\\ // \\ // \\ h* . Hole
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Effective mass

Do not describe the particle's actual mass, but its apparent mass in the
crystal lattice

2 2
\E/ E:Emvzz1p _ k
A I 2 2m 2m
w\/ =
i p=mv=rhk (=h2z

d’E #A° ) %
/m,=0.
A 038 — =" eller m

dk?z  m T d2E/dK?
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Intrinsic semiconductors

* An ideal semiconductor crystal without impurities and
lattice defects called a intrinsic semiconductors. No free
charges are at T = 0K

» Electrons and holes are generated in pairs n=p=n,

 The Generations velocity of electron-hole pairs are equal
as the recombination velocity r,=g; (equilibrium)
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Extrinsic semiconductor

T=0K T=~50K
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Extrinsic semiconductor

Bohrs model for an atom applied on a doped semiconductor! //\Q-q
The energy for an electron in its ground state e }
m* =0.26m,, for kisel | ' /
: 232 \ /
n=1integer K n“h )
2 = 2 r =
uantified n 2 2 2
. mq -

2 106,63 X 1092 The electrostatic
IS0 force is balanced

g w(026)(911 X 107)(16 X 107’ by the centripetal
n=1 = r =241 x 10°m = 24.1 A. force

K = 4me, €,
™S

Rbte that this is more than four lattice spacings a = 5.43 A.

Relative dielectrical constant ~ 12 for
Silicon
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Charge Carrier Concentration

Fermi-Dirac statistics (only one particle in each energy State) the
likelihood that an available energy level shall be filled with an
electron. Eg is called Fermi level or chemical potential

1
f(E) = 1+ e(E—EF)/kT

k is Boltzmann’s constant (k = 8.62 X 10

() =1 + 5 BT 1

~eV/K =1.38 X 1072 J/K)

E=E;
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Charge Carrier Concentration

Temperature depengl(%nce
A

I'=0K
e

1
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Charge Carrier Concentration

The probability to find a hole in the valence band is provided

by [1 - A(E)]
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