
Nassar    -Dr. Suha I. Al                           lec.8Physical Electronics                          
 

۱ 
 

 

8)Lecture ( 
 
 
In a semiconductor the law of mass action states that the product of the electron 
concentration n0 and the hole concentration p0 is always equal to the square of the intrinsic 
carrier concentration (at a  given temperature), i.e.:  

 
 
 
 
 
 

This law is valid for extrinsic semiconductors (with impurities) as well as for intrinsic  
semiconductors 

• If Nd is the concentration of donor atoms, it is a positive charges per cubic meter are 
contributed by the donor ion ,hence the total positive charges density equal 
(Nd+po).similary  when Na is the concentration of acceptor ions these contributed (Na) is 
negative charges per cubic meter ,the total negative charge density is (Na +no) 

• In thermal equilibrium, the  semiconductor crystal is electrically neutral  • The charge 
neutrality condition is expressed by equating 
 
 

 
 
The intrinsic carrier concentration: ii pn =  (same density of free electrons and holes in an 

intrinsic semiconductor). 

The extrinsic n-type semiconductor: 
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With n, p respectively the electron and hole density ; ND,A respectively the donor and 
acceptor doping density (concentration). 

The mass action law  

This equation is one of 
the fundamental 

principles of 
semiconductors in 

thermal equilibrium. 
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Example 

• Calculate the carrier concentration in silicon doped with 1016 atoms/cm3 of As at 
300°K 
• ni = 9.65* 109 
• n0 = ND = 1016 cm-3 

• p0 = ni2/ND = (9.65 *109)2 / 1016 cm-3 = 9.31* 103 
 

Conduction System in Semiconductor: 
We have two types of carriers one carrier is negative (the free electron ) with mobility (µn) 
and the other is positive ( the holes) with mobility (µp), these particles move in opposite. 
There are two current  mechanisms which cause charges to move in semiconductors. The 
two mechanisms we shall study in this chapter are drift and diffusion, and both electrons 
and holes conduct current in semiconductor 
 
 
 
 
 
 
 
 
1-Drift Motion (carriers drift by electric field): 
To understand drift, assume an electric field is 
applied to a semiconductor. The field produces a 
force that acts on free electrons and holes, which 
then experience a net drift velocity and net 
movement.  
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Consider an n-type semiconductor with a large  
number of free electrons. An electric field  E 
applied in one direction produces a force on the 
electrons in the opposite direction,  because of the 
electrons’ negative charge.  

The electrons acquire a drift velocity  vdn (in 
cm/s) which can be written as                             

 
  

where μn is a constant called the electron 
mobility and has units of cm2/V.s. For low-doped 
silicon, the value of μn is typically 1350 cm2/V.s. The mobility can be thought of as a 
parameter indicating how well an electron can move in a semiconductor .The negative sign 
in above  Equation indicates that the electron drift  velocity is opposite to that of the applied 
electric  field as shown in above Figure The electron drift produces a drift current density 
Jn (A/cm2) given by  

where n is the electron concentration (#/cm3) and e , in this context, is the magnitude of the 
electronic charge. The conventional drift current is in the opposite direction  from the flow 
of negative charge, which means that  the drift current in an n-type semiconductor is in the 
same  direction as the applied electric field.  
Next consider a p-type semiconductor with a large  
number of holes.  An electric field E applied in one  
direction produces a force on the holes in the same  
direction, because of the positive  charge on the 
holes. The holes acquire a drift velocity vdp  (in 
cm/s),  which can be written as 

 
 
 
 

 where μp is a constant  called the  hole mobility, 
and again has units of cm2/V.s 
The positive sign in above Equation  indicates that 
the hole drift velocity is in the same direction as 
the applied electric field as shown in above Figure. 
The hole drift produces a drift current density Jp (A/cm2) given by where p is the hole 
concentration (#/cm3) and e is again the magnitude of the electronic charge. The 
conventional drift current is in the same direction as the flow of positive charge, which 
means that the drift current in a p-type material is also in the same direction as the applied 
electric field. The hole drift produces a drift current density Jp (A/cm2) given by  
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Since a semiconductor contains both electrons and holes, the total drift current density is 
the sum of the electron and hole components. The total drift current density is then written 
as 
 
 

The resistivity for two types of materials  

 

 

 

 

 

The  total conductivity of a semiconductor is: 
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For Extrinic material  

 

 

 

2-Diffusion Motion(Carriers diffuse to the area at lower carrier concentration): 

Diffusion : Particles tend to spread out or redistribute from areas of high concentration 
to areas of lower concentration. 
 → It is possible for an electric current to flow in a semiconductor even in the 
absence of the applied voltage provided a concentration gradient exists in the material. 

 → A concentration gradient exists if the number of either elements or holes is 
greater in one region of a semiconductor as compared to the rest of the Region. 

 → In a semiconductor material the change carriers have the tendency to move from 
the region of higher concentration to that of lower concentration of the same type of charge 
carriers. Thus the movement of charge carriers takes place resulting in a current called 
diffusion current.  
In the diffusion process, Statistically, we can assume that, at any particular instant, 
approximately half of the particles in the high-concentration region are moving away from 
that region toward the lower-concentration region. We can also assume that, at the same 
time, approximately half of the particles in the lower concentration region are moving 
toward the high-concentration region. However, by definition, there are fewer particles in 
the lower-concentration region than there are in the high-concentration region. Therefore, 
the net result is a flow of particles away from the high-concentration region and toward the 
lower concentration region. This is the basic diffusion process. The diffusion current 
density due to the diffusion of electrons can be written as  

 

 

where e, in this context, is the magnitude of the electronic charge, dn/dx is the gradient of 
the electron concentration, and Dn is the electron diffusion coefficient. The diffusion 
current density due to the diffusion of hole s can be written as (for one dimension)  
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where e is still the magnitude of the electronic charge, dp/dx is the gradient of the hole 
concentration, and Dp is the hole diffusion coefficient. Note the change in sign between 
the two diffusion current equations. This change in sign is due to the difference in sign of 
the electronic charge between the negatively charged electron and the positively charged 
hole. 
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Carriers life time : 

In pure S.c (n=p)  ,thermal agitation continues to produce new hole-electrons pairs while 
other e-h pairs disappear as a result of recombination on an average ,a hole or electron will 
exit for (τp) (τn) sec before recombination. 

(τp) (τn): mean lifetime of holes and electrons carrier life time range from (10-9 sec ) to 
hunderds of (10-6 sec)  and it is indicated the time required for (n) and (p) concentration 
which have been caused to charge to return their equilibrium concentration 

 The equilibrium concentration of holes and electrons in the n-type bar (po & no) , and the 
new concentration are (p- & n-) under the influence of the radiation. 

The excess concentration is (p- - p0) for holes and (n- -n0) for electrons  

P- -Po  = n -  -no 
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Energy band diagrams 
 As a consequence of the mathematical description of the wave character of carriers in 
semiconductors, Free electrons have energies in an allowed energy band higher in energy 
than the bandgap, the conduction band Ec, whilst free holes have energies in an allowed 
energy band lower in energy than the bandgap, the valence band Ev.  

The Fermi-Dirac distribution function f(E) as illustrated in  below Figure  g(E) gives the 
distribution of energy levels (states) as a function of energy. f(E) gives the probability of 
finding an electron at energy E. Thus 1-f(E) gives the probability of finding a hole or 
electrons and it is changing according the types of material. 
 

1- for Intrinsic material  the concentration of electron in the conduction band equal the 
concentration of holes  in valance band , therefore the Fermi-energy (Ef) must lie at 
the middle of  the band gab . 

2-  In n-type there is high concentration of electrons in the conduction band compared 
with the hole concentration in the valance band .thus in n-type  material the 
distribution function f€ must lie above its intrinsic position on the energy scale . 

3- In p-type material the hole concentration in the valance band is higher tha the 
concentration of electrons in conduction band , thus  the Fermi level lies near  the 
valance band .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: The energy band diagram with the position of the Fermi level EF as a function 
of the doping type (left). The integration of the product of the density of states g(E) and 
the Fermi-Dirac distribution function f(E) gives the carrier distribution over the energy 

range above or below the bandgap (right). 
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Example:: A Si sample is doped with 10-4 atomic% of P donors. Assuming complete 
ionisation of  donors at room temperature, calculate the charge carrier concentration and 
conductivity at room temperature.  

[For Si: ρ = 2330 kg m-3, atomic weight = 28, µe = 0.15 m2V-1s-1] 

Answer     

610−=
Si

d

N
N

 

where   NSi – number of Si atoms per unit volume  Obtain NSi from Avagadro’s No. 

 23
3 106

1028
××

×
= −

ρ
SiN  

This gives   NSi = 5 × 1028 m-3 

     Nd = 5 × 1022 m-3. 

Complete ionisation, n-type semiconductor:  So charge carrier concentration is 

  3-m 22= 5 × 10 d= N cn  

   (neglect pv) 

Conductivity σ   σ = nceµe 

[hole contribution negligible] 

So σ= 5 × 1022 × 1.6 × 10-19 × 0.15cm-1m-1  

= 1200 Ω-1m-1 
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H.W 

Calculate the drift current density for a given semiconductor. Consider silicon at T = 300 K 
doped with arsenic atoms at a concentration of Nd = 8 × 1015 cm−3 . Assume mobility 
values of μn = 1350 cm2/V.s and μp = 480 cm2/V.s. Assume the applied electric field is 100 
V/cm.  
  
 

 

 

 

 

 

 

 

 


