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It is the Science which describes the behavior of 

electrons. 

States of the electron: 

1-free electron: as in case of CRT- 

 2-bound electron: is subject to quantum physics. 

An electron in an atom 

The electron in the atom is bounded, it needs enough 

energy to depart on, this energy is called ionization 

energy. 

Ionization energy 

It is the energy needed to liberate the electron from its 

atom. 

*The binding energy is less than the energy of the free 

electron by the ionization energy, that is why electron 

remains in bondage . 

*The binding energy is the cause of keeping the atom 

stable. 



 ===Modern electronics =============================Unit ( 2) Chapter ( 4)=== 
 

                                                                            Bank of Physics 60

 Types of material according to 

the electrical conductivity: 
1- Conductors: these elements have free 

electrons where the force between the 

nucleus and these electrons is weak due to 

the increasing in radius so they conduct 

electricity and heat as metals. 

2- Insulators: the free electrons are rarely 

found don’t conduct electricity and heat 

as glass , porcelain wood and plastics. 

 3- Semiconductors: they are in between 

,are insulated at 0oK temperature and its 

conductivity increases as temperature 

increases ex . : silicon and germanium . 
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The semiconductors can be divided into : 

 

 

 

 

 

 

 

1-The Si or Ge has four electrons in the outer most shell known 

as valence electrons.  

2-The attraction force between these electrons and the nucleus is 

weak. The nucleus and other electrons are called the core is very 

strong . 

The Si atoms or Ge form a crystal where each atom shares by the 

four electrons with the neighboring atoms to complete the 

outermost shell to be filled with 8 electrons.  
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Notes: 

1-The pure crystal is electrically neutral. 

2-Pure crystal is bad conductor of electricity at 

ordinary temperature because the leakage of free 

electrons. 

3-The pure crystal is insulator at 0oK or -273o due to 

the big force between electrons of the outer shells 

and the nucleus increases. 

4-As temperature increases some of the covalent 

bond may be broken so the pure crystal conducts 

electricity but this conductivity is weak. 

Give reason:The conductivity of a pure crystal 

increases by increasing its temperature. 

5-The breaking of bonds produce :  

1. Free electrons: these electrons are liberated from 

the force of the nucleus.  

2. Holes: such an electron leaves behind a vacancy in 

the broken bond  
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*Although the silicon atom loses an electron from its bond but it 

isn’t ion because this atom may capture a free electron or an 

electron from another bond to fill its own vacancy.  
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In pure semiconductors  

As the temperature increases, the number of free 

electrons and holes increases noting that number 

of free electrons equal to the number of free 

holes. Until it reach to state of dynamic 

equilibrium (thermal equilibrium at which 

small percentage of bonds are broken,and 

number of bonds broken per second will be 

equal to the number of bonds mended per second 

 at every temperature there are a fixed number 

of electrons and holes. 

 Such electrons (third type of electron) are 

still confined to the full size of the crystal. 

 Breaking a bond requires a minimum energy 

(thermal or optical) .in case mending a bond 

(called recombination),energy is released 

(thermal or optical) 
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Note: 

The conductivity of pure semiconductors increases 

by: 

1-increases the temperature. 

2-doping by adding impurities. 

 

First type : Negative type semi conductors : 
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The N-type : it is Si or Ge crystal in which some atoms are 

replaced by atoms of pentavalent elements such as 

phosphorus(p) or antimony(sb) atoms , where it contain 5 

electrons in the outer most shell so it forms 4 covalent 

bond with the Si or Ge and a free electron is remained . 

The attraction force on the excess electron which is left out 

is weak. hence it can be easily be detached from its parent 

atom, which becomes a positive ion. 

Note that: 

1- N-type crystal good electric conductor. 

2-The electric conductivity increases as: 

a-the increase of antimony atoms . 

b-the temperature increases. 

3-The N-type is electrically natural because it 

does not gain or lose any electrons. 

4-The antimony atoms here called donor atoms. 
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5-By assuming that ND +  is the impurities 

concentration , P is the hole concentration (the 

hole is formed from the vacancy of the liberated 

electrons) due to the raise in temperature and in 

the concentration of electrons so at thermal 

equilibrium where sum of the positive charge 

equal the sum of negative charge              

n=p+ND and in N-type n > p . 

6-The dominate charge of the N = type is the 

free electrons . 

 

 

 

 

 

 

 



 ===Modern electronics =============================Unit ( 2) Chapter ( 4)=== 
 

                                                                            Bank of Physics 68

 

Second type:  Positive-type semiconductors: 

 

 

 

 

 

 

 

 

Si or Ge crystal in which some atoms are replaced by 

trivalent atoms such as aluminum (Al ) ,gallium 

atoms(Ga) or boron atoms(B) where each of the three 

electrons forms 3 covalent bond by sharing with the 

Si electrons so the fourth bond has vacant place this 

place called "hole" hence electrons of other bonds 

can move through theses holes so the hole move in 

opposite direction through the crystal. 
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Note that: 

1-P-type is good conductor of electricity. 

2-The electrical conductivity increases as : 

a- the doped atoms increases (Gallium or boron) 

b- the temperature increases . 

3-P-type is good conductor of electrical charged 

because it doesn't lose or gain any electrons. 

4-The boron atoms are called acceptor. 

5-Assuming that NA is the concentration of acceptor 

doped ions, n is the  

Concentration of liberated electrons due to the rise in 

temperature then at thermal equilibrium        P=n+N-
A 

i.e. P is the sum of the holes resulted from impurities 

concentration and the holes resulted from liberated 

electrons n thus the total number of holes p is greater 

than the free electrons . P > n . 

6-The dominate charge is the holes. 

7-In pure silicon the concentration of free electrons n 

equalizes the concentration of hole concentration P . 
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8-Assuming that n1 is the concentration of free 

electrons or holes in pure silicon so n P = ni
2 so as n 

increase P decreases and vice versa  

this is known as law of mass action . 

9-In case of n-type n=ND  P = ni
2 / N+

D 

10-In case of P-type p=NA  n = ni
2 / N-

A 

Example : 

If the electron or holes concentration in pure Si is 1X1010 cm-3 

and phosphorus is added with concentration 1X1012 cm-3 

calculate : 

1-the concentration of electrons and holes in such a case given 

that phosphorus is pentavalent or contains 5 electrons in the 

outermost shell . 

2-the aluminum concentration required to be added to cause the 

electrons concentration equal the holes concentration .given that 

Al is trivalent or contain 3 electrons in the outermost shell . 

Solution 

1. n=ND  n = 1012 cm-3    

P = ni
2 / ND=(1X1010)2/1012 = 108 cm-3 

2. Al concentration required to be added to make P=n , ND = 

1X1012 
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it can be divided into : 

1.Simple components and devices such as 

resistor (R) , capacitor (C) and inductor(L) . 

2.Complex component and devices such as P-n 

Junction (diode) and transistor. 

3.Specialized devices such optoelectronic and 

control devices. 

The electronic component and devices which are 

made of semiconductors are sensitive to 

environmental condition and the external stimuli 

such as light, heat and chemical atomic 

pollution.so used as sensor of measure the 

external stimulated such as temperature, light, 

heat, pressure, radiation and moisture or 

chemical pollution.give reason 
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1-It consists of P-type glued to n-type. 

2-holes in the p-type region of high hole concentration 

diffuse to the n-type of  low hole concentration ,and it 

becomes of positive potential 

3- also some electron of The 

high concentration electrons in 

n-type migrates to p-type of low 

concentration electrons and it 

becomes of negative potential 

this is the diffusion current . 

 

 

 

3- So the n-type at the junction becomes positive 

and the P-type becomes negative. 
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4- This results in middle region 

consists of +ve side and –ve 

side , this region has no 

electrons or holes this region 

called the depletion region or transition region  

5- In the depletion region there is an electric 

field directed from +ve ions to –ve ions, This 

electric field causes the drift current. 

7- The diffusion and drift current are instant 

currents equal and opposite in direction so the 

net current is zero . 
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Method of connection of P-n junction in the electric circuits: 

 

Forward bias Reversed bias 
 
 
 

 

 
 
 

 
Method of conduction : 
1. The P-type is connected to 

the +ve pole of the battery 
and n-type is connected to the 
negative pole. 

 
 
 

 
Method of conduction : 
1. The P-type is connected to 

the –ve pole of the battery 
and n-type is connected to the 
+ve pole. 

 
2. In such a way as electric field 

opposite to that in the 
depletion region is formed so 
it weakens it and a current 
can pass at low resistance. 

2. An electric field in the 
direction as that in depletion 
region is formed so no 
electric current can pass 
due to lage resistance. 

 
3. P-n junction here is 

considered as switched ON 
key in the circuit or the circuit 
is closed so the current can 
pass. 

3. P-n junction here is 
considered as switched OFF 
key where the circuit is 
opened and no current can 
pass. 
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Usage of the pn junction 
1- As a switch: 

In case of forward bias the diode is an closed switch. 

In case of backward bias the diode is an opened switch. 
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2- As a rectifier: 

When the pn junction is connected to an AC source it allows the passage of 

current when the bias is forward and no current passes when the bias is backward 

where the A.C is converted to D.C so it used in charging car batteries and mobile 

batteries . 

Types of rectifiers 

1- half wave rectification.                                2-full wave rectification. 
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The transistor was conceived in 1955 by Bradeen 

,Schockley and Brattain. 

There are many types of transistor, (bipolar junction 

transistor(BJT)) ,i.e.,pnp or npn  

transistors are used in increasing the electric power and the 

electric potential . 

Transistors are characterized by the small size light mass 

and cheap and it can be used for long time so they are 

widely used in radiation T.V. calculators and computers . 

It consists of two similar crystal type between them 

different type . 

such as P.N.P  is 2 P-types between them narrow n-type.  

            N.P.N 2 n-types between them p-type.   

The first junction is forward biased emitter(E)and the 

second junction is reversed bias collector(E) between them 

base(B) 

The electrons are emitted from negative emitter IE 

diffusing to the base until picked up by the positive 

collector IC  and portion lost in the base IB 
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P . N . P N . P . N 

P. N. P - type : 
 
 
 
 
 
 
 
 
 
 
 

N. P. N - type : 

 
1. The base is n-type. 

 
1. The base is P-type. 

2. The emitter is p-type 
and is connected to the 
+ve pole. (forward bais) 

2. The emitter is n-type and is 
connected to the -ve pole. 
(forward bais) 

3. The collector is p-type 
and is connected to the 
–ve pole. (backward 
bias) 

3. The collector is n-type and 
is connected to the +ve 
pole. (backward bias) 
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Notes: 

1-The emitter is always forward bias and the collector is reversed 

or backward bias  

 the ratio between collectors current and emitter current is called 

distributing current αe 

αe = IC / IE ≈ 1 .  

2- The ratio between the collector current to the base current is 

called the current gain (transistor magnification) e  = IC / IB . 

3- The emitter current IE = Ic + IB  IB = IE – IC 

4- 
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5- The thickness of the base is very small so the base current is 
very small and tends to be zero so the emitter current equals the 

collector current 1
E

C
e

I

I
  Give reason 

The base of transistor is thin. 
Thus, e  is very large and collector current is larger than base 

current. 

So that if the base current is small electrical signal, its effect 

appears amplified in the collector current THIS IS THE IDEA OF 

THE TRANSISTOR ACTION 

7- When a small current is passed through the base and we need 

the magnify it (current the received signals from resonant 

wireless or output of microphone current) we get the same signal 

with high magnifying. 
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The transistor as amplifier with a common base 

 

 

 

 

 

 

 

The transistor as amplifier with a common emitter 
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Exemple 1 : 

If αe = 0.995 for a transistor and the base current is 12 microampere, calculate the β 

and the collector current. 

Solution: 

.1094.11101205.99

5.99
995.01

995.0

1

36 AmpII
I

I
Bec

B

C
e

e

e
e

 
















 

Example 2: 

If the collector current of a transistor is 10 mA and the base current is 100 micro 

amperes. Calculate αe and βe . 

Solution : 

e

e

e

e
e

B
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e

I
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1
100

1
,100

10100

1010
6

3

 

100-100αe = αe  101 αe = 100  αe = 0.99 
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In collector circuit : VCC = VCE + ICRC 

 

 

 

1-When the current of the collector increases IC , the 

potential difference between the collector and the 

emitter decreases VCE . 

2-As the collector current increases , the potential 

difference between the collector and the emitter VCE 

reaches its minimum value between 0.2 & 0.05 volt , 

in such a case the base current becomes large . 

2- If the base becomes the input , the collector is 

the output and the emitter is the common 

(ground) ,  if the potential difference or the 

voltage of the base (input) is large then the output 

becomes small and vice versa .then the transistor 

act as inverter . 

 

 

Potential of 
collector 
battery  

Potential difference 
between collector 
and emitter  

Current of the 
collector IC Resistance 
of the lamp RC 
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If the base is connected with +ve 

voltage then the potential 

difference of the collector 

becomes small and the current 

pass through the resistor RC is 

large and the bulb lights on and 

the transistor acts as a switch & 

close the circuit ON . 

if The base is connected with –ve 

(negative) or zero the potential 

difference of the collector 

becomes large and the current 

passing through the resistor Rc is 

small and the bulb puts off and the 

transistor acts as a switch to 

opened the circuit off . 
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(Types of electronic devices) 

A- Analog electronics .   B- Digital electronics . 

A- Analog electronics : 

All electronic systems  deal with nature quantities (images ,sound 

and video ) and convert them to electrical signals then to 

electromagnetic waves at transmitter then to electrical signal 

again at receiver. 

In the analog system such as sent wireless waves which is similar 

to alternating current i.e. it varies in amplitude assuming that the 

amplitude varies between o and Vmax ,  

Disadvantage or defects of analog system: 

During the wave propagation from emitter to the 

receiver through ether it meets random signals 

knowing as electric noise (formed from nature of 

random motion of electronic) the noise is irregular 

signals interfere with sent main wave (information 

carrier) so it causes noise to it and it cannot be 

separated from the sent main waves , so the sent 

wave differs from the received one . 
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B- Digital electronics : 

The electrical signal is not transmitted continuously 

but is coded,The signal taken the value (0) or (1) 

which representing the signal and so on , so any noise 

signal interferes with the main signals can be 

detected so it can be separated at the receiver . 

Digital signals are preferred in sending and receiving 

the wireless wave. 

Because the digital signals: 

1- Easy to store on (0 and 1 values) 

2- The digital electronic circuits are easy to construct. 

3- The digital electronic circuit is less affected by 

electrical noise. 

4- The noise signals are easy to be separated from the 

main signal. 

- But the formed signals due to the transmission of 

sound or image to an expressed current are analog 

signals; it must be transformed into digital singles so 
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the decimal system must be changed to Binary 

system. 

Example(1): 

-Convert ( 3 )10 from decimal system to binary system. 
Solution: 
The result is ( 11 )2. 
 
 Example(2): 

 
Convert the number (13)10 from decimal system to binary system . 
Solution: 

so the result of transformation (13)10 to Binary is (1101)2 . 

 

Example(3): 
-Convert ( 1101 )2 from binary system to decimal system. 
Solution: 

( 1 1 0 1 ) 
- - x 23 + - - x 22 + - - x 21 + - - x 20  

 

1 x 23 + 1 x 22 + 0 x 21 + 1 x 20  
 

8  +  4  +  0  +  1  = 13 
================================== 

 

Example(4) 
Convert ( 10101 )2 to decimal system. 
Solution: 

( 1 0 1 0 1 ) 
- - x 24 + - - x 23 + - - x 22 + - - x 21 + - - x 20  

 

1 x 24 + 0 x 23 + 1 x 22 + 0 x 21 + 1 x 20  
 

16  +  0  +  4  +  0  +  1  = 21 
========================== 

 

 

 

 

 

 

13 
6  1 
3  0 
1  1 
0  1 

3 
1  1 
0  1 
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The digital circuits can be designed by using logic gats. 

The logic gates : 

                  First : Not gate :                    Second : And gate               Third : OR gate  

 NOT gate AND gate OR gate 

Means:  

It has one input and one 
output. In which the output is 
inverted. 
 

It has 2 or more input and 
one output, the output is 
represent by multiply 
process. 

Has two or more 
inputs and one output. 
The transistor here is 
used as a key not as 
amplifier. 

Symbol : 

 
 
 
 

  

 
 

State of : 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

Circuit : 

 
 
 
 
 
 
 
 
When the key is closed the 

light puts off where the current 

can pass due to the small 

resistance and when the key is 

opened , the light puts on . 

 
 
 

 
 
 
 
 
 
 
 
if the 2 keys are opened no 

current can pass also the 

light is off , , if one of the 

two keys is opened and the 

other is closed no current can 

pass , if the two light are 

closed the current can pass 

and the light will be on . 

 

 
 
 
 
 
 
 
 
in the first case if the 

keys are opened no 

current can pass and 

the light puts off.In the 

2nd.And 3rd.cases if one 

of the 2 keys is closed 

and the other is opened 

the current can pass 

and the light puts on  

NOT 

input  
(Low) 

 
(High) 

output  
(High) 

 
(Low) 

NOT 

NOT 

Input A 
Input B AND Output 

AND 

input  
0 
0 

output  
0 

AND 
0 
1 

0 

AND 
1 
0 

0 

AND 
1 
1 

1 

Input 
 Input 
 

OR Outp
 

OR 

input  
0 
0 

output  
0 

OR 
0 
1 

1 

OR 
1 
0 

1 

OR 
1 
1 

1 
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