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Optical Properties of Semiconductors 

 

I. Introduction to semiconductor physics. 

 

 

Semiconductors are materials whose 
energy gap for excitonic excitation lies 
between 0 eV and 4 eV. 

Materials with zero energy gap are metals 
or semimetals. 

Materials with large gap than 4 eV are 
insulators. 

 



Semiconductors 

P. Y. Yu, and M. Cardona, Fundamentals of Semiconductors, Springer-Verlag, Berlin Heidelberg New York, 2003. 



1. Band structure 
What happens when similar atoms are brought together 

to form a crystal? 

 

J. I. Pankove, Optical Processes in semiconductors, Prentice-Hall, New Jersey, 1971 



Schrǀdinger equation 

ÅHF=EF 

ÅH= Si(pi
2/2mi)+Sj(Pj

2/2Mj)+1/2 S̀jj `(ZjZj`e
2/|Rj-Rj`)-

Sj,i(Zje
2/|ri-Rj|) +1/2 S̀i,i`(e

2/|ri-ri`|) 

Å ri is the position of the ith electron. 

ÅRj is the position of the jth nucleus. 

Åpi is momentum of the ith electron. 

ÅPj is momentum of the jth nucleus. 

ÅZj is atomic number of the jth nucleus. 

Åe is the electronic charge. 

ÅS̀ means summation only over non identical pairs. 

 



Approximations 

1. Separation of electrons into two groups: 
valence and core electrons. Core electrons 
are those in the filled shells; Valence electron 
are those in the incompletely filled shells 
Summation I and i  ̀in the Hamiltonian is only 
over valence el. 

2. Adiabatic approximation 
The ions are much heavier than the electrons, 
they move much slowly. Electrons can respect 
to ionic motion almost instantaneously;  
to electrons the ions are essentially stationary.  

 



Consequence of approximations  

H= Hion(Rj)+He(ri, Rj0)+ He-ion(ri, dRj) 
Hion(Rj) describing ionic motion under 
influence ionic potential plus the time 
averaged adiabatic electronic potential. 

He(ri, Rj0) is Hamiltonian for electrons with 
ions frozen in their equilibrium position 
Rj0. 

He-ion(ri, dRj) is Hamiltonian known as 
electro-phonon interaction. 



Electronic Hamiltonian He 

H= Si(pi
2/2mi) +1/2 S̀i,i`(e

2/|r i-r i`|) -

Sj,i(Z je
2/|r i-Rj|) 

We have more then 1023 atoms in cm-3. 

 This is impossible to solve.  

Meanïfield approximation  

We will assume that every electron experiences 

the same average potential V(r). 

 



 

One electron Schrǀdinger equation 

 

ÅH1eFn(r)=[(p2/2m)+V(r)] Fn(r)=EnFn(r) 

ÅH1e is one electron Hamiltonian 

ÅFn(r) and En denote, respectively, wavefuction and 
energy of an electron in an eigenstate labeled by n. 

 

ÅNext step is determination of the potential V(r).  

V(r) depends on a symmetry of a crystal. 

 



Symmetry of the crystal 

ÅTranslation symmetry. 

ÅRotational symmetry. 

ÅReflection symmetry.  

The most important symmetry is the translation 
symmetry. We can define translation operator TR: 

TRf(r)=f(r+R), where R is a translation vector.  

    When a particle moves in a periodic potential its 
wavefunction can  be expressed in a form known as 
Bloch function. 

 



Bloch function. 

ÅBloch function for one dimensional periodic 
potential: 

      Fk(x)=exp(ikx) uk(x) 

Where exp(ikx) is plane wave, k is wave vector, uk(x) is 
periodic function uk(x)= uk(x+nR), n is integer and R is 
translation period. 

Fkis modified plane wave. 

TRFk(x)=Fk(x+R)=exp(ikR) Fk(x) 

Fk(x) is eigenfuction of TR with eigenvalues exp(ikR) 

 



Solution of SchǀŘƛƴƎŜǊ equation H1eF=EF 

ÅH1e is invariant under translation by R. 

ÅH1e commutes with TR. [H1eTR-TRH1e]=0 

ÅEigenfunction of H1e can expressed also as 
eigenfuction of TR. 

ÅEigenfunction of H1e can expressed as a sum of Bloch 
function: 

ÅF(x)=SkAkFk(x)=SkAkexp(ikx) uk(x) 

where is constant. 



Electronic band structure 

ÅA plot of the electron energies in 
H1eFn(r)=[(p2/2m)+V(r)] Fn(r)=EnFn(r) 
versus k is known as the electronic band structure of 
the crystal. 

ÅThe band structure plot in which k is allowed to vary 
all possible values is extended zone scheme. 

ÅReduced zone scheme is zone where k is in in the 
interval [ςp/R,+p/R]. It caused that the choice  of k is 
not unique. It is seen from  Fk(x)=exp(ikx) uk(x). 

k, k+(2pn/R) and k-(2pn/R) will satisfy this relation. 

The region of k-space defined by [ςp/R,+p/R] is called 
the first Brillouin zone.   

 



Electronic band structure 

ÅAll was done in one-dimensional and it can be 
easily generalized to three dimension. 

ÅResults:            E=h2̀k2/2m 

h` is h/2p, m is effective mass 



Hole 

ÅIf we want to move electrons in valence band a few 
electrons at least one have to missing. 
There are 1023 electrons in cm-3, that is why more 
convenient is introduce a hole. A filled valence band 
with one missing electron can be regarded as a band 
containing one hole. Hole has positive charge +e and 
mass which is different from the effective mass of 
electron.  



Electronic band structure 

I. PelantΣ WΦ ±ŀƭŜƴǘŀΣ [ǳƳƛƴƛǎŎŜƴőƴƝ ǎǇŜƪǘǊƻǎƪƻǇƛŜ LΦΣ !ŎŀŘŜƳƛŀΣ tǊŀƘŀ нллс 



Important points in k-space. 

ÅG point k=0 

Intersection point in direction [xxx] with the first 
Brillouine zone is labeled: 

Å[100] direction G---X 

Å[111] direction G---L 

Å[110] direction G---K 



Examples of the Si electronic band structure 
 

P. Y. Yu, and M. Cardona, Fundamentals of Semiconductors, Springer-Verlag, Berlin, 2003. 



Examples of the Ge electronic band structure 
 

P. Y. Yu, and M. Cardona, Fundamentals of Semiconductors, Springer-Verlag, Berlin, 2003. 



Examples of the GaAs electronic band structure 
 

P. Y. Yu, and M. Cardona, Fundamentals of Semiconductors, Springer-Verlag, Berlin, 2003. 


