2.2     Intrinsic  Semiconductor                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

A semiconductor in which no foreign elements are added ,is called  intrinsic semiconductor. The most common single –element semiconductors are Silicon ,Germanium .The single element semiconductors are characterized by atoms with four valence electrons.The covalent bonding process in Silicon (Si) is illustrated in Fig.(8)

Structures from by atoms bounded together covalently are called Crystal Structures. This semiconductor crystal call Intrinsic semiconductor. All the valence electron are tightly bound to the parent atom and to other atoms by Covalent bounds.
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Fig. (8) Silicon Structure

In an intrinsic semiconductor ,electrons are either thermally or optically excited from valence band . This process is called electron –hole pair (EHP) generation process. In other words 

n=p =
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where:

n:the number of free electron .

p: the number of hole

2.2.1 Affect of Temperature

After hear energy has been applied a covalent bound broken the one of the valance electrons as a result of heat energy. The liberation of this valence electron left a vacancy in the covalent structure. This vacancy is call a hole, the number of free electron (n) is equal to total number of hole (p). the (ni) the total carrier density in intrinsic semiconductor calculated by
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 Electron-hole pairs : the hole is created by an electron breaking a covalent bond a valence electron from a neighboring atoms can easily fill hole by free electron, for that electrons and holes moving in different side as shown in Fig.(9).   
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        2.2 Fermi level 

It can be proved that in an intrinsic semiconductor the Fermi level EF lies in the middle of the energy gap between C.B and V.B. as shown in Fig.(10). The probability of find energy level is 
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where

K : Poltizman Constant = 1.38* 10-23 J/K0 or 8.620*10-5ev/ K0
TK : Temperature in Kelvin, TK=T0+273
T0 : Temperature in degree.
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:Fermilevel or characteristic energy for the cystal in ev.
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:energy level occupied by an electron in ev.

The fermi level Ef indicates the probability of occupancy of an energy level by an electron.

The fermi level in an intrinsic  semiconductor at T=0K is given by ,
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Example/ Fermi Deric probability of level above of Fermi level by 0.3 ev is 1% find Temperature in Degree.

Sol.

P(E) = 0.01

E-EF = 0.3 ev
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E-EF (J) = 0.3(ev)*1.602*10-19 = 0.4806*10-19 J
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T0= TK-273 = 2920
2.3Extrinsic Semiconductor

In order to change the properties of intrinsic semiconductors a small amount of some other material is added to it .The process of adding other material to the crystal of intrinsic semiconductors to improve its conductivity is called doping .Doped semicoductor material is called extrinsic semiconductor.The two types of extrinsic semiconductor are,n-type       and p-type.

2.3.1N-type Semiconductor

To increase the number of conduction –band electrons in      intrinsic silicon ,or germanmium ,pentavalent impurity atoms are added .These are atoms with five valence electrons such as  Arsenic (AS) and  Phosphorus (P) as in Fig(11) .Because the pentavatent atom gives up an electron ,it often called a donor  atom.The electrons call majority carrier (nn). The hole result from electron-hole pair, it is minority carrier (Pn) .Fig.(11a). when doner impurities (electrons) has been add to a semiconductor allowable energy level below the conduction bound (ED Doner Energy level), this case reduce the energy gap as shown in Fig.(11b). The main current generated from majority carrier (electron),  when the hole generate minority carrier as shown in Fig. (11c). The ionization energy for donor impurities is (Ec-ED) at T=0k and T>0K



a- N-type Structure
                                         



b- Energy band diagram of N-type

c- Pair of N-type Semiconductor (majority carrier electron)

Fig.(11) N-type Semiconductor
2.4 P-type Semiconductor

If the doping by Three valance electron material(trivalent), the number of hole increasing, that increase total number of carrier. The holes call majority carrier (pp). The electrons result from electron-hole pair, it is minority carrier (np) Fig.(12a). when Accepter impurities (holes) has been add to a semiconductor allowable energy level below the conduction bound (EA Accepter Energy level), the energy level as shown in Fig.(12b). The main current generated from majority carrier (holes), when the electrons generate minority carrier as shown in Fig. (12c).   The ionization energy is measured as (Ea-Ev)for acceptors  at T=0K and T>0K.  









2. 5 Charge Density in semiconductor

- Intrinsic Semiconductor 

The number of electron is equal to the number of hole

n = p     and     n2i = n p
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- N- type Extrinsic Semiconductor
Let ND  the concentration of doner atoms, 

The total number of electron (majority carrier)

            ND + n
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the number of holes pn (minority carrier) calculated by 
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- P- type Extrinsic Semiconductor
Let NA  the concentration of Accepter atoms, 

The total number of holes (majority carrier) 

            NA + p
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the number of electrons np (minority carrier)calculated by
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2.6 Mobility of charge particle

Consider a material of length L subjected to the voltage V as shown in the Fig.(13)The electronic field to which it is given by ,
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The magnitude of the drift velocity is proportional to electric field E ,so mathematically we can write 
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where 

v=Drift vecity in m/sec

E=Applied electric field in V/m              
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2.7 Conductivity
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A=area of cross-section in 
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2.8 Semiconductor Resistance
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By using Eq. (31) the resistance of semiconductor interstice, N-type, and P-type, respectively, defined as
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3. P-N Junction (Diode)
A diode is a single pn junction device conduction contacts and wire leads connected to each region ,as shown in Fig.(14) .Part of the diode is an n-type semiconductor and the other part is a p-type semiconductor .A diode is a device that conducts current in only direction.


Fig.(14) Diode structure and schematic symbol.

The  n region loses free electrons as they diffuse across the junction .This creates a layer of positive charges near the junction .The p region loses holes as electrons and holes combine .This creates a layer of negative charges near the junction . These two layers of positive and negative form the depletion  region as shown in Fig.(15)


Fig.(15) Formation of the depletion region 

3.1 Diode Bias


If the external potential of V volt is applied across the P-N junction this will bias the diode. There are two type of diode bias

1.Reverse Bias 


The Positive terminal to N-type and the negative terminal to P-type as shown in Fig.(16). The depletion region have been winded, that result to over come the region from the majority carrier more and more carrier.
The current that exists under reverse-bias condition call Reverse Saturation Current (IS).   

Fig.(16) reverse bias Diode 

2.Forward Bias 


The Positive terminal to P-type and the negative terminal to N-type as shown in Fig.(17)The application of F.B potential VD . The electrons in N-type and hole in P-type will be recombine with the ions near the boundary region and reduce the width of depletion region. The Diode current pass ID calculated  by
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Where 

VD : applied voltage:


[image: image32.wmf]h

:constant where Ge  
[image: image33.wmf]h

 =1 and Si 
[image: image34.wmf]h

 =2 

K: Boltizman Constant. (K=1.38*10-23 J/k)

T: Temp. in Kelvin.     

T0: temp. in degree.

   T=T0+273

Fig.(16) Forward biased diode
�





Covalent 


band





All Four electron is Valance  electron








Conduction  band 





Valence band 





Ef





Ev





Ec









































a- Silicon Structure


























b- Energy band diagram of Int. Si














c- pair of Interstice Semiconductor.


Fig. (9) Effect of Temperature























c- pair of Interstice Semiconductor.





Fig. (10) Effect of Temperature.
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Fig.(13)Tube of metal carrying current 
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a- P-type Semiconductor.























b- Energy band diagram of P-type 























c- Pair of P-type semiconductor (majority carrier hole).





Fig. (12) P-type Semiconductor.





Free electron





C.B





Accepter level





Eg





EA








V.B





Valance electron





Ie





-











Ih





+





A





l





I





V





AA

















Energy E











Fermi level  





T=0K  





Fig(10) Energy band digram for intrinsic Semiconductor 
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