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Electromagnetic spectrum 

 The EM spectrum is a range of frequencies, wavelengths and photon energies covering frequencies 

from below 1 Hz to above 1025 Hz corresponding to wavelengths which are a few kilometers to a fraction of 

the size of an atomic nucleus in the spectrum of EM waves. The entire range is given by radio waves, micro 

waves, infra red radiation, visible light, UV radiation, X-rays, gamma rays and cosmic rays in the 

increasing order of frequency and decreasing order of wavelength. 

Reflection of light 

Reflection is the change in direction of a wave front at an interface between two different media so 

that the wave front returns into the medium from which it originated. Common examples include 

the reflection of light, sound and water waves. 

Laws of Reflection  

 The incident ray, the reflected ray and the normal to the surface of the mirror all lie in the 

same plane 

 The angle of incidence is equal to the angle of reflection. 

Refraction of light  

Refraction of light is the phenomenon of change in the path of light in going from one medium to 

another. When going from a rarer to a denser medium, the ray of light bends towards normal and in going 

from a denser to a rarer medium, the ray of light bends away from normal. 

Laws of Refraction 

 The incident ray, refracted ray of light and the normal to the refracting surface all lie in the same 

plane. 

 The ratio of the sine of the angle of incidence and sine of the angle of refraction is constant. 

Introduction about LASER 

The word LASER is an acronym for “Light Amplification by Stimulated Emission of Radiation”. It 

is a powerful monochromatic light source of collimated beam in which the light waves are highly coherent. 

The laser light has many superior features compared to conventional light source. Einstein introduced this 

concept in 1917. Dr. T.H. Maiman demonstrated the first laser namely the ruby laser in the year 1960.  

Laser characteristics 

Laser differs from the ordinary light with respect to some properties. They are Monochromaticity, 

Directionality, Coherence and Intensity 

Principles of laser 

Absorption of radiation 

  An atom is in the ground state with energy E1 absorbs a photon of energy h and goes to the 

excited state with energy E2 as shown in Fig. This transition is known as stimulated absorption or induced 

absorption or simply absorption. Here the energy difference is given as (E2 – E1) = h. 
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If there are many number of atoms in the ground state then each atom will absorb the energy from 

the incident photon and goes to the excited state then, 

 The rate of absorption (R12) is proportional to the following factors 

 (i.e)  R12    Energy density of incident radiation ()   

  No. of atoms in the ground state (N1) 

           

 

   

 R12     N1 

where B12 is a constant which gives the probability of absorption transition per unit time 

Spontaneous emission 

 The natural tendency of an atom is to seek out the lowest energy configuration. The excited atoms 

do not stay in the excited state for longer time but tend to return to the lower state by giving up the excesses 

energy h as shown in fig. The atom in the excited state E2 returns to the ground state E1 by emitting a 

photon of energy h without any external energy. Such emission of radiation not initiated by any external 

influence is called spontaneous emission. This emission is uncontrollable. 

 

 

 

 

 

 

 

The rate of spontaneous emission R21 (Sp) , (i.e)  R21 (Sp)   N2 

   

 

where A21 is a constant which gives the probability of spontaneous emission transitions per unit time 

Stimulated emission 

 The atom in the excited state E2 as shown in fig. A photon of energy h can stimulate the atom to 

move to its ground state. During this process the atom emits an additional photon whose energy is also h. 

As the emission is stimulated by external photon, this process is known as stimulated emission.   

 

 

 

 

   R21 (Sp) = A21N2 

   R12 = B12   N1 
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The rate of stimulated emission R21 (St) is given by  

 (i.e)  R21 (St)   N2 

   

 

where B21 is a constant which gives the probability of stimulated emission transitions per unit time 

S. No Stimulated emission Spontaneous emission 

1. An atom in the excited state is induced 

to return to ground state, thereby 
resulting in two photons of same 

frequency and energy is called 

stimulated emission. 

The atom in the excited state returns to 

ground state thereby emitting a photon, 
without any external inducement is called 

spontaneous emission. 

 

2. The emitted photons move in same 
direction and are highly directional. 

The emitted photons move in all 
directions and are random. 

3. The radiation is high intense, 

monochromatic and coherent. 

The radiation is less intense and is 

incoherent. 

4. The photons are in phase. The photons are not in phase. 

5. The rate of transition is given by  

R21 (St) = B21  N2 

The rate of transition is given by  

R21 (Sp) = A21N2 

Population inversion: 

When a system is in thermal equilibrium, the distribution of energy states at a given temperature 

follows the Boltzmann’s law as  








 

 KT

E

eNN 0  

where, 

0N  is the population in the ground state 

N  is the population in the given energy state 

K is the Boltzmann’s constant 

T is the absolute temperature 

   R21 (St) = B21  N2 
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 From the above equation, it is clear that the population is maximum in ground state and decreases 

exponentially as one goes to higher energy state as shown in fig. 4(a). ie., 1N > 2N . If the situation is just 

reverse, ie there are more atoms in an excited state than the ground state as shown in fig 4 (b), a net 

emission of photons can result. This condition is called population inversion. In this case 2N > 1N . 

 

 

Fig. 4 (a) population at different energy states of atoms     (b) population inversion through pumping 

process 

Pumping methods 

The process of achieving population inversion is called pumping. Pumping can be classified into the 

following types based on the type of source of pumping. 

1. Optical pumping: Here the atoms are excited with the help of photons emitted by an optical source. 

The atoms absorb energy from the photons and raises to excited state. (e.g.) Ruby Laser, Nd-YAG 

Laser 

2. Electrical pumping: The electrons are accelerated to very high velocities by strong electric field and 

they collide with gas atoms and these atoms are raised to excited state. (e.g.) Argon Laser, CO2 Laser 

3. Direct Conversion 

4. Inelastic collision between atoms 

5. Chemical pumping 

Meta stable state 

It is an excited state of an atom with a longer life time than the other excited states. However it has 

a shorter life time than the stable ground state. Atoms in the metastable state remain excited for a 

considerable time in the order of 10-6 to 10-3 s. 

Active Medium: The active laser medium consists of a collection of atoms, molecules or ions. The excited 

state of the active laser medium has a meta stable state having longer lifetime ( sec10 8 ) compared to 

excited states which usually have short life times.  
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Types of LASERS 

1. Solid state laser : It is classified into two types (a) 3 level laser (e.g) Ruby laer, (b) 4 level laser (e.g) 

Nd-YAG laser 

2. Gas laser:  Egs. CO2 laser, He-Ne laser 

3. Semiconductor laser: Egs. GasAs 

4. Liquid laser: Eg. Europium benzoyl acetone dissolved in alcohol. 

5. Dye laser and chemical lasers. 

RUBY LASER 

Ruby laser is the first type of laser constructed by Maiman in 1960. Ruby is a crystal of Al2O3 in 

which some of the Al3+ ions are replaced by (0.05% by weight) Cr3+ ions. Cr3+ ions constitute the active 

centres whereas the aluminum and oxygen atoms are inert.  

Principle:  

It is a three level solid state laser. Ruby rod is used as an active medium and Cr3+  ions act as a 

active center. Optical pumping method is used to achieve the population inversion. The wavelength of the 

laser beam emitted is 6943Å.  

Construction: 

 

Fig. (1) schematic diagram of Ruby laser 

The arrangement of laser is shown in fig (1). It consists of a ruby cylindrical rod typically 5 cm long 

and 0.5 cm in diameter whose ends are optically flat and accurately parallel. One end is fully silvered and 

the other is only partially silvered. The rod is surrounded by a glass tube. The glass tube is surrounded by 

helical xenon flash tube which acts as the optical pumping system.   

Working: 

The energy level diagram of chromium ions in ruby crystal is shown in fig (2). The Cr ions are 

excited from level E1 to level E3 by the absorption of light of wavelength 550 nm from the xenon flash tube. 

The excited ions quickly undergo non-radiative transitions to the level E2, with a transfer of energy to the 

lattice thermal motion. The E2 level is a metastable state with a lifetime of about 3 x 10-3 s (usual atomic 



Dr. S. Snega, Department of Physics 
 

lifetimes are  10-28 s). Now, the population of the E2 level becomes greater than that of the E1 level. Thus 

the “population inversion” is achieved.  

 

Fig. (2) Energy level diagram of chromium ions in ruby laser 

               Some photons are produced by spontaneous transition from E2 to E1, and have a wavelength of 

694.3 nm (ruby red). The ends of the ruby rod act as reflecting mirrors. Therefore, Photons that are not 

moving parallel to the ruby rod escape from the side, but those moving parallel to it are reflected back and 

forth. These stimulate the emission of similar other photons. The chain reaction quickly develops a beam of 

photons all moving parallel to the rod, which is monochromatic and is coherent. When the beam develops 

sufficient intenstity, it emerges through the partially silvered end. 

Once all the chromium ions in the metastable level have returned to ground level, the laser action 

stops. It is then necessary to send one more flash of pumping radiation through the rod. Thus the ruby laser 

operates only in pulses. Even in the short period of a few microseconds in which the ruby is lasing, we find 

that the emission is made up of spikes of high intensity emission as shown in fig (3). This phenomenon is 

known as spiking of the laser, first observed in experiments with ruby by Collins et.al. 

 

 

 

 

 

Fig (3) characteristic spiking of ruby laser 

Advantages: 

 Ruby lasers are economical 

 Beam diameter of ruby laser is comparitivelyless than CO2 

 Output power of the ruby laser is not less asin the He-Ne laser 

 Since the ruby laser is in solid form, there is no chance of wastage of active  material 
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Disadvantages: 

 No significant stimulated emission occurs until atleast half of the ground state electrons excited to 

the metastable state. 

 Efficiency of ruby laser is comparatively low 

 Optical cavity of ruby laser is short as compared to other laser 

Applications: 

 Pulsed holography 

 Ranging experiments 

 To remove tattoos 

 To remove skin lesions resulting from excess melanin 

 

 

He – Ne LASER 

He – Ne laser is the first gas laser. It is a four level gaseous laser. The mixture of helium and neon 

gases is filled in the discharge tube. Helium gas used as active medium and neon atom used as active 

material. Inelastic atom-atom collision method is used as pumping process. Power output is approximately 

0.5 to 50 milli Watt. The output light is continuous wave form. 

Principle: 

The active medium is the He – Ne gas. The gas laser medium is excited by electric discharge method 

in which inelastic collision between atoms will results in population inversion. 

Construction 

 

 

 

                                           

 

 

Fig (1) schematic diagram of He-Ne laser 

Fig (1) shows the schematic arrangement of a He – Ne laser apparatus. He – Ne laser consists of a 

quartz discharge tube about 80cm long and 1.5cm diameter. The discharge tube is filled with mixture of 

helium and neon gases with different partial pressures. The gases are mixed under the pressure of 1mm 

mercury of helium and 0.1 mm mercury of neon in the ratio of 10:1 . these mixture acts as active material. 

RF generator  

 

  

 

  

  

  

Quartz discharge tube 

Brewster 
window  

 

Partially reflecting  
concave mirror  

100% reflecting  
concave mirror  

Mixture of  He – Ne gas Plane polarized  
Laser light  
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The ends of the discharge tube are inclined at the polarizing angle. Hence the emitted laser light is plane 

polarized. This arrangement is called Brewster window. 

  A radio frequency generator (RF generator) is connected to the discharge tube. It is used to produce 

population inversion in active material. A pair of concave mirror is placed at the ends of the discharge tube. 

One of the mirrors is 100% reflecting and the other is partially reflecting. These mirrors form an optical 

resonator.  

Working: When RF generator is switched on, electrons are generated inside the discharge tube. At first the 

generated electrons collide with the helium atoms in ground state thereby helium atoms are excited to two 

of energy levels as shown in fig (2). These two levels happen to be very close to the 3s and 2s levels of the 

neon atoms. When the excited helium atoms collide with the neon atoms, energy is exchanged, pumping 

the neon atoms to the respective levels. The atoms at the neon 3s level eventually drops down to the 2p 

level asa result, stimulated emission is taking place and light of wavelength 0.6328µm is emitted. The atoms 

at the 2s level, on the other hand, drops to the 2p level by emitting light at 1.15µm. However, the atoms at 

the 3s level may instead dropdown to the 3p level, by emitting light at 3.39µm.  

 

Fig. (2) Energy level diagram of He-Ne ions 

Advantages: 

 Less heat is generated inside the discharge tube, therefore no need for cooling. 

 It is operated in continuous mode 

 It has high stability of wavelength. 

 Output of the laser can be tuned to a required wavelength(±100Å). 

 It is not much expensive 

Disadvantages 

 Output power is moderate 

 Compare with solid state laser its size is large 
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Applications of Lasers 

Laser is an optical device that generates intense beam of coherent monochromatic light by 

stimulated emission of radiation. Laser light is different from an ordinary light. It has various unique 

properties such as coherence, monochromacity, directionality, and high intensity. Because of these unique 

properties, lasers are used in various applications. 

The most significant applications of lasers include: 

 Lasers in medicine 

 Lasers in communications 

 Lasers in industries 

 Lasers in science and technology 

 Lasers in military 

Lasers in Medicine 

1. Lasers are used for bloodless surgery. 

2. Lasers are used to destroy kidney stones. 

3. Lasers are used in cancer diagnosis and therapy. 

4. Lasers are used for eye lens curvature corrections. 

5. Lasers are used in fiber-optic endoscope to detect ulcers in the intestines. 

6. The liver and lung diseases could be treated by using lasers. 

7. Lasers are used to study the internal structure of microorganisms and cells. 

8. Lasers are used to produce chemical reactions. 

9. Lasers are used to create plasma. 

10. Lasers are used to remove tumors successfully. 

11. Lasers are used to remove the caries or decayed portion of the teeth. 

12. Lasers are used in cosmetic treatments such as acne treatment, cellulite and hair removal. 

Lasers in Communications 

1. Laser light is used in optical fiber communications to send information over large distances with 

low loss. 

2. Laser light is used in underwater communication networks. 

3. Lasers are used in space communication, radars and satellites. 

Lasers in Industries 

1. Lasers are used to cut glass and quartz. 

2. Lasers are used in electronic industries for trimming the components of Integrated Circuits (ICs). 

3. Lasers are used for heat treatment in the automotive industry. 

4. Laser light is used to collect the information about the prefixed prices of various products in shops 

and business establishments from the bar code printed on the product. 

5. Ultraviolet lasers are used in the semiconductor industries for photolithography. Photolithography is 

the method used for manufacturing printed circuit board (PCB) and microprocessor by using 

ultraviolet light. 

6. Lasers are used to drill aerosol nozzles and control orifices within the required precision. 

Lasers in Science and Technology 

1. A laser helps in studying the Brownian motion of particles. 

2. With the help of a helium-neon laser, it was proved that the velocity of light is same in all directions. 

3. With the help of a laser, it is possible to count the number of atoms in a substance. 

https://www.physics-and-radio-electronics.com/physics/laser/laserintroduction.html
https://www.physics-and-radio-electronics.com/physics/laser/heliumneonlaser.html
https://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/atom.html
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4. Lasers are used in computers to retrieve stored information from a Compact Disc (CD). 

5. Lasers are used to store large amount of information or data in CD-ROM. 

6. Lasers are used to measure the pollutant gases and other contaminants of the atmosphere. 

7. Lasers help in determining the rate of rotation of the earth accurately. 

8. Lasers are used in computer printers. 

9. Lasers are used for producing three-dimensional pictures in space without the use of lens. 

10. Lasers are used for detecting earthquakes and underwater nuclear blasts. 

11. A gallium arsenide diode laser can be used to setup an invisible fence to protect an area. 

Lasers in Military 

1. Laser range finders are used to determine the distance to an object. 

2. The ring laser gyroscope is used for sensing and measuring very small angle of rotation of the 

moving objects. 

3. Lasers can be used as secretive illuminators for reconnaissance during night with high precision. 

4. Lasers are used to dispose the energy of a warhead by damaging the missile. 

5. Laser light is used in LIDAR’s to accurately measure the distance to an object 

Model Questions 

 

1. What is Electromagnetic spectrum? 

2. What is reflection of light? 

3. State the laws of reflection? 

4. What is refraction? 

5. State the laws of refraction? 

6. Distinguish between spontaneous and stimulated emission? 

7. List out characteristics of LASER. 

8. What is meant by Spontaneous emission? 

9. What is meant by stimulated emission? 

10. What is meant by population inversion? 

11. What is meant by pumping? 

12. Describe the construction and working of Ruby laser. 

13. Discuss with theory the construction and working of He-Ne laser. 

14. Discuss the applications of laser in various fields. 
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UNIT- IV  -   SEMICONDUCTOR PHYSICS 

 Theory of energy band in crystals – Distinction between conductors, insulators and 

semiconductors – intrinsic and extrinsic semiconductors – N-type and P-type semiconductors 

– Junction diode – Zener Diode – V_I characteristics – PNP and NPN transistor – Transistor 

action – DC characteristics of CE configuration – FET-N channel and P channel FET – 

Performance – Characteristics – Comparison of Transistor and FET. 

 Introduction: Theory of energy band in crystals 

The inner-shell electrons are the least effected when atoms form a crystal and the outer-most 

shell electrons are the easily influenced part of an atom. Thus, when the atoms in a crystal are 

placed close to each other, there is more possibility of electrons of two adjacent atoms to either 

collapse or bound to each other 

Band diagram of a Conductors,Insulators and Semiconductors 

The adjacent figure depicts the energy band diagram.From the fig., it’s clear that, more the 

interatomic spacing, lesser is the energy(attraction) between them.And as the distance between 

them is reduced(moving from right to left), there will be a gradual increase in the interactions 

between the neighboring atoms. Because of this interaction, the atomic wave functions 

overlap and the crystal becomes an electronic system which must obey Pauli exclusion principle. 

Here, there are 2N electrons completely filling the 2N possible s levels of the atom and 2N 

electrons filling the 6N possible p states. Thus, when the “d” is reduced, the 2N- s states spread 

out to form a band of energy. And the 4N electrons remain unoccupied in the p levels. The total 

spread between the minimum and the maximum energy levels becomes very large (several eV) 

and is known as Energy Bands. An energy gap (Eg) exists between them. this is known 

as forbidden energy gap (no electrons can occupy states in this gap).When this energy gap is 

further reduced to make it zero, the 6N upper level and 2N lower level states merge and form 
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8N levels out of which 4N electrons are already occupied (2N+2N). Now these 4N electrons 

neither belong to the p subshell nor the s subshell but belong to the crystal as a whole.The 

energy band produced due to these electrons is known as a Valence Band.If the energy gap is 

further reduced, the interaction between them grows very large and finally a shape is obtained, 

as shown below: 

Comparison Chart 

BASIS FOR 

COMPARISON 

CONDUCTORS SEMICONDUCTORS INSULATORS 

Meaning Conductors are 

the substance 

that transmits 

heat or electricity 

through them. 

Such substance or materials that 

may act as a conductor, as well as 

insulators under different 

conditions, are known as 

semiconductors. 

Insulators are the 

substance that 

does not allow 

heat or electricity 

to pass through 

them. 

Conductivity High. Moderate. Low. 

Forbidden gap There is no 

forbidden gap. 

Small forbidden gap. Large forbidden 

gap. 

Resistivity Low. Moderate. Very High. 

Temperature 

coefficient 

Positive. Negative. Negative. 

Conductivity 

value 

Very high. Moderate. Negligible. 

Conduction Numerous 

electrons for 

conduction. 

Very less number of electrons for 

conduction. 

Neutral number of 

electrons for 

conduction. 

Resistivity 

value 

Less 

than  

Between  
More 

than  

Current flow Caused by the 

presence of free 

It is caused by free electrons and 

holes. 

It is caused by free 

electrons which 

are negligibly 
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electrons. present. 

Valence 

electrons 

There is only one 

valence electron 

in the outermost 

shell. 

There are four valence electrons in 

the outermost shell. 

There are eight 

valence electrons 

in the outermost 

shell. 

Overlapping 

of bands 

The valence and 

conduction 

bands are 

overlapped. 

Valence band and conduction 

band are separated energy gap of 

1.1eV. 

Both the bands get 

divided by an 

energy gap of 6eV - 

10eV. 

Type of Bonds Conductors are 

formed by a 

metallic bonding. 

Semiconductors are formed by 

covalent bonding. 

Insulators are 

formed by ionic 

bonds. 

Examples Gold, Bronze, 

Silver, Mercury, 

Copper, Brass, 

etc. 

Silicon, Aluminium. Mica, Rubber, 

Wood, Paper, etc. 

P Type and N Type Semiconductor:The various factors like doping element, nature of doping 

element, the majority and minority carriers in the p-type and n-type semiconductor. The 

density of electrons and holes, energy level and Fermi level, the direction of movement of 

majority carriers, etc. are considered in explaining the difference between p-type and n-type 

semiconductors. The difference between a p-type semiconductor and n-type semiconductor 

are given below in tabulated form. 

Zener diode 

When a P-N junction is reverse biased, it offers a high resistance for the current flow. If the 

reverse-bias is increased at some particular voltage, the reverse current across the junction 

suddenly increases. This particular potential is called the breakdown voltage or zener 

breakdown voltage. The zener voltage varies from as low as a few volt to several hundred 

depending on the dopant density and the depletion layer. There are two distinct process by 

which the breakdown may occur. They are i) Zener breakdown ii) Avalanche breakdown.A zener 

diode is a P-N junction diode which makes use of either of the two breakdown. A zener diode is 

usually operated at a reverse bias voltage a little more than the breakdown voltage. Under 
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these conditions, the voltage drop across the diode is practically independent of the current 

through it. This means that the diode acts as a voltage regulator.  

Zener diode characteristics 

 

The zener diode characteristics can be studied using the circuit shown in figure. The zener diode 

is connected to battery through a commutator as shown in figure. By changing the commutator 

position, the diode can be forward biased or reverse biased. First forward bias is given. Using 

the rheostat different voltage is given to the diode and for each voltage, the milli-ammeter 

reading is noted. Now a reverse bias is given to the diode and the milli-ammeter is replaced by 

a micro-ammeter. The same procedure is repeated as per the forward bias.Now we can draw a 

graph taking the voltmeter reading in X-axis and the current reading in Y-axis. The graph will be 

as shown in figure. Under forward bias condition, the zener diode acts, just like an ordinary 

junction diode.Under reverse bias, a small reverse current flows through it. This current almost 

remains constant unit a certain critical voltage is reached. Beyond this voltage, the reverse 

current increases rapidly. This voltage is called turnover voltage. All zener diodes are silicon P-N 

junction diodes which have a sharp reverse voltage knee. Zener diodes are assorted according 

to their breakdown voltage. For a diode with low breakdown voltage, the knee on the curve is 

more abuse. For high voltage zener diode, the knee is sharp. 

P-N-P and N-P-N transistor 

       When thin layer of N-type semiconductor is sand witched between two P-type 

semiconductor, the result is in the formation of a P-N-P transistor. Similarly when a P-type area 

is sand witched between two N-type semiconductor, we have a N-P-N transistor. P-N-P and N-

P-N transistors and their circuit symbols are as shown in figure.There are three regions in the 

transistor. They are i. Emitter ii. Collector iii. Base.The middle semiconductor in a transistor is 

called as base. Thickness of the base will be of the order 0.025 mm. The two end regions are 

called the emitter and the collector. The emitter – base junction is always forward biased and 

hence this junction offers a low resistance for the flow of current. 
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 The collector – base junction is always reverse biased and hence this junction offers a high 

resistance for the current flow. The emitter, base and collector of a transistor can be controlled 

to cathode, grid and plate of a triode. 

Transistor action    

The transistor action can be understood by analyzing the current flow through it under the 

influence of externally applied voltage. The emitter base junction will be forward biased and 

the collector base junction will be reverse biased. We will study the action of a P-N-P transistor 

and the circuit is as shown in figure. 

 

 As the emitter is forward biased, the holes in P-regions are injected to the base and the 

electrons are injected to the base and the electrons are injected from N-region to P-region. But 

as the bas is lightly doped and the emitter is heavily doped, the number of electrons from base 

to emitter is very small compared to the number of holes. In the base region some of the holes 

are neutralized by the electron. Since the base region is very thin, most of holes cross this 

region and will reach the collector region.Since the collector base region is reverse biased, the 

holes arriving at the junction attracted and this constitute a collector current. The emitter 

current is denoted by IE , the collector current by IC and the base current is IB. It will found that 

IC = IE where α is called current gain whose value will be between 0.95 to 0.98. The emitter 

current is equal to the sum of the collector current and base current. 

  IE = IC + IB 

        If the emitter base voltage is increased, the collector will also increase. If the emitter 

current is decreased, the collector current is also decrease. If an alternating voltage is applied 
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to the emitter as input, we will get the amplified output in the collector circuit. Hence the 

transistor can be used as an amplifier. In a similar way, we can explain the P-N-P transistor.  

Transistor circuit configuration 

         There are three basic configuration in which transistor can be connected. They are  

(i)Common base configuration                 (ii) Common emitter configuration 

(iii)Common collector configuration                                                                                                                                                                                                                                                                                                                                                

The common is used to denote the electrode that is common to the input and output circuits. 

Because the common electrode is generally grounded, these modes of operation are frequently 

referred to as ground base, grounded emitted and grounded collector.The three types of 

configurations are as shown in figure.  

 

Characteristics of Common emitter (CE) Configuration 

The characteristic of the common emitter transistor circuit is shown in the figure below. The 

base to emitter voltage varies by adjusting the potentiometer R1. And the collector to emitter 

voltage varied by adjusting the potentiometer R2. For the various setting, the current and 

voltage are taken from the milliammeters and voltmeter. On the basis of these readings, the 

input and output curve plotted on the curve. 

Input Characteristic Curve 

The curve plotted between base current IB and the base-emitter voltage VEB is called Input 

characteristics curve. 
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For drawing the input characteristic the reading of base currents is taken through the ammeter 

on emitter voltage VBE at constant collector-emitter current. The curve for different value of 

collector-base current is shown in the figure below. 

 

The curve for common base configuration is similar to a forward diode characteristic. The base 

current IB increases with the increases in the emitter-base voltage VBE. Thus the input 

resistance of the CE configuration is comparatively higher that of CB configuration.The effect of 

CE does not cause large deviation on the curves, and hence the effect of a change in VCE on the 

input characteristic is ignored. 

Input Resistance: The ratio of change in base-emitter voltage VBE to the change in base current 

∆IB at constant collector-emitter voltage VCE is known as input resistance, i.e., 

 

Output Characteristics In CE configuration the curve draws between collector current IC and 

collector-emitter voltage VCE at a constant base current IB is called output characteristic. The 

characteristic curve for the typical NPN transistor in CE configuration is shown in the figure 

below. 



Dr. N. Geetha, Dept. of Physics 
 

 

In the active region, the collector current increases slightly as collector-emitter VCE current 

increases. The slope of the curve is quite more than the output characteristic of CB 

configuration. The output resistance of the common base connection is more than that of CE 

connection.The value of the collector current IC increases with the increase in VCE at constant 

voltage IB, the value β of also increases. 

Output Resistance: The ratio of the variation in collector-emitter voltage to the collector-

emitter current is known at collector currents at a constant base current IB is called output 

resistance ro. 

 

The value of output resistance of CE configuration is more than that of CB 

Field effect transistor 

The field-effect transistor (FET) is a semiconductor device which depends for its operation on 

the control of current by an electric field since the current is carried by majority carriers only, 

the field effect transistor is said to be unipolar device. There are two types of FET, they are 

1. Junction field effect transistor and 

2. Metal oxide semiconductor field effect transistor (MOSFET) . The MOSFET is also called 

as insulated gate field effect transistor (IGFET). 

3.  
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The followingare main difference between a FET and aconventional transistor. 

1. The operations of FET depends up on the flow of majority carrier only. It is, therefore a 

unipolar  device. But in a conventional transistor, is due to both electrons and holes. 

Hence it is called as bipolar junction transistor (BJT). 

2. A bipolar transistor is current controlled devices. In this, the output current is controlled 

by the input current. But in a FET, the flow of current is controlled by an electric field. 

3. The input impedance of a FET is high. Its value is of the order of 108 to 1012ohm. 

4. A FET is less noisy than a bipolar transistor. 

Junction Field Effect Transistor 

Construction 

In a JFET, the current flow is due to the majority carriers of charges. In a semiconductor, there 

are two types of carriers viz holes and electrons. Hence JFET are of two types.i)n-channel FET -

In this current flow is due to electrons.ii) P-channel FET –In this current flow is due to holes.The 

structure of an n-channel FET is shown in figure. Ohmic contacts are made to the two ends of 

the semiconductor bar of n- type material (if p-type silicon is used, the device is referred as p-

channel FET. 

 

 The junctions on both side of the bar are formed impurities opposite to that of the channel i.e. 

p-type impurities for n-type channel and vice versa. Current is allowed to flow along the length 

of the bar by applying a voltage between the end terminals of the bar. The current is carried by 

majority carriers which drift through the channel. The following FET notation is standard. 

Source 

Thesource S is the terminal through which majority carriers leave the bar. Conventional current 

entering the bar at S is designated by Is. 

Drain 
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The drain is the terminal through which the majority carriers leave the bar. Conventional 

current entering the bar at D is designated by ID. The drain-to-source voltage is called VDS. 

Gate 

On both side of then-type bar in figure, heavily doped (p+) regions of acceptor impurities have 

been formed by diffusion for creating p-n junction. These impurity regions are called as the gate 

G. Between the gate and source a voltage VGS is applied in the direction to reverse-bias the p-n 

junction. Conventional current entering the bar at G is designated by IG. 

Channel 

The regions of n-type material between the two gate regions is called channel (in a p-type FET it 

will be p region). The majority carrier of charge move from source to drain through this region. 

The circuit symbol of n-channel and p-channel are shown in figure. The arrow on the gate 

terminal refers to the direction of gate current, when the gate-source junction is forward 

biased. An n-channel FET with its terminal connected properly to voltage source is shown in 

figure. The source voltage VGGand VDD respectively supply the gate voltage and drain voltage. 

For a p-channel FET. The polarities of the voltage source should be reversed. 

Operation of FET :To discuss the operation of a JFET, we have to give the following connections. 

1. Gates are always reverse-biased.2. The source terminal is always connected to that end 

of the drain supply which provides the negative charge carriers. 

Let us consider an n-channel JFET (figure) and discuss its working when either VGS or VDS or 

both are changed. 

1. When VGS  = 0 and VDS  = 0 : When no voltages are applied between D & S and G & S, the 

depletion region around the p-junction are of equal thickness and symmetrical. 
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2. When VGS = 0 and VDS is increased from zero: For this, the JFET is connected to VDD supply. 

The electron flow from S to D whereas the conventional drain current IDflows through the 

channel from D to S. When VDS is applied, there is a gradual increase of positive potential along 

the channel as we go from S to D-i.e. as we go along the channel from S to D the reverse 

voltage across the p-n junction increases. Hence thickness of the depletion region also 

increases. Therefore the channel is wedge shaped.  As VDS is gradually increased from zero, ID 

increases proportionally as per ohm’s law. This ohmic relationship between VDS and ID continues 

till VDS reaches a certain critical value called pinch of voltage VP. When VDS = VP, the current ID is 

maximum. When VDS is increased beyond VP, the length of the pinch-off region increases. Hence 

there is no further increase of ID. At a certain value of VDS, ID suddenly increases. This effect is 

due to the avalanche multiplication of electron caused by breaking of covalent bonds of silicon 

in the depletion region between the gate and the drain. The variation of ID with VDS when VGS=0 

is shown in figure. 

3. When VDS=0 and VGS is decreased from zero : When VGS is made more and more the negative 

the gate reverse bias increases. Hence the thickness of the depletion region also increases. At a 

particular voltage, the two depletion regions make contact with each other. In this condition, 

the channel is said to be cut-off. The value of VGS which is required to cut-off the channel is 

called the cut-off voltage. 

4.When VGS is negative and VDS is increased : As VGS is made more and more negative, value of 

Vo as well as breakdown voltage are decreased. It is shown in figure.Since gate voltage controls 

the drain current JFET is called a voltage controlled device. A p-channel JFET operates exactly in 

the same manner as n-channel JFET except the current carriers are holes and the polarities of 

both VDS and VGS are reversed. 

UNIT- IV  -   SEMICONDUCTOR PHYSICS 

அறிமுகம்: படிகங்களில் ஆற்றல் குழுவின் ககோட்போடு 
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அணுக்கள் ஒரு படிகத்தத உருவாக்கும் பபாது உள்-ஷெல் எலக்டர்ான்கள் மிகக் 

குதைவானதவ மை்றும் ஷவளிப்புை-ஷெல் எலக்டர்ான்கள் ஒரு அணுவின் எளிதில் 

பாதிக்கப்படும் பகுதியாகும். இவ்வாறு, ஒரு படிகத்தில் உள்ள அணுக்கள் 

ஒருவருக்ஷகாருவர ் ஷெருக்கமாக தவக்கப்படும் பபாது, அருகிலுள்ள இரண்டு 

அணுக்களின் எலக்டர்ான்கள் ஒன்றுடன் ஒன்று பிதணக்கப்படுவதை்பகா அல்லது 

பிதணக்கப்படுவதை்பகா அதிக வாய்ப்பு உள்ளது. எடுத்துக்காடட்ாக, இரண்டு எளிய 

காெ்தங்களின் உதாரணத்ததக் கருத்தில் ஷகாள்பவாம்: அவை்றுக்கிதடபயயான தூரம் 

அதிகமாக இருப்பதால், அவை்றுக்கிதடபயயான ஈரப்்பு குதைவாகவும், பெரம்ாைாகவும் 

இருக்கும்.எலக்டர்ான்கள் அணுவிலிருெ்து அணுவுக்கு சுரங்கப்பாதத மாை்ைத்தால் 

ெகரும். கடத்திகள், குதைக்கடத்திகள் மை்றும் மின்கடத்திகளின் பவலன்ஸ் படத்டகள் 

ஷவளிப்புை மின்காெ்த புலத்தில் வித்தியாசமாக ஷசயல்படுகின்ைன.ஷவளிப்புை 

மின்காெ்த புலங்கள் விகிதத்தில் விெிபயாகத்தில் எலக்டர்ான்களின் சமசச்ீரத்மதய 

உதடக்கின்ைன.எலக்டர்ான்கள் புலத்தின் திதசயில் துரிதப்படுத்துகின்ைன மை்றும் 

எதிர ் தூண்டுதல் அதடயாளத்துடன் துகள்கதளக் குதைக்கின்ைன.எலக்ட்ரான் 

வீதத்தின் எெ்த மாை்ைங்களும் அவை்றின் ஆை்ைலில் மாை்ைத்திை்கு வழிவகுக்கிைது, 

பமலும் எலக்ட்ரான்கள் அவை்றின் குவாண்டம் ெிதலகதள மாை்றுகின்ைன.பவலன்ஸ் 

பபண்டில் ஒரு இலவச ெிதல இருெ்தால் எலக்ட்ரான் மாை்ைம் ெிகழலாம். மின்காெ்த 

புலத்தில் ஷபைப்படட் சராசரி கூடுதல் ஆை்ைல் எலக்ட்ரான்கள் சுமார ்10-3 - 10-4eV ஆகும், 

இது இதசக்குழுவில் உள்ள ஆை்ைல் சப்ஷலவல்களுக்கு இதடயிலான தூரத்தத விட மிக 

அதிகம். பவலன்ஸ் பபண்ட ் எலக்ட்ரான்களால் முழுதமயாக ெிரப்பப்படாத 

உபலாகங்களில், எலக்டர்ான் ஆை்ைலின் ஒரு சிறிய மாை்ைம் கூட அவை்தை அருகிலுள்ள 

இலவச ஆை்ைல் மடட்ங்களுக்கு மாை்றும். உபலாகங்கள் ெல்ல ெடத்துனரக்ளாக 

இருப்பதை்கான காரணம் இதுதான்.குதைக்கடத்திகள் மை்றும் மின்கடத்திகளில் 

அதனத்து எலக்ட்ரான்களும் பவலன்ஸ் பபண்டில் உள்ளன. 

கடத்திகள், மின்கதக்கிகள் மற்றும் குறறக்கடத்திகள் இறடகே கேறுபோடு 

கடத்திகள், குதைக்கடத்திகள் மை்றும் மின்கடத்திகள் அவை்றின் கடத்துத்திைன் மை்றும் 

பிை பண்புகளின் அடிப்பதடயில் பவறுபடுகின்ைன.உபலாகங்கள் பபான்ை கடத்திகள் 

அதை ஷவப்பெிதலயில் கடத்துத்திைதனக் காடட்ுகின்ைன, ஆனால் ஷவப்பெிதல 

அதிகரிக்கும் பபாது அவை்றின் கடத்துத்திைன் குதைகிைது. இருப்பினும், 

குதைக்கடத்திகள் குதைெ்த ஷவப்பெிதலயில் மின்கடத்திகளாக ஷசயல்படுகின்ைன, 

ஆனால் ஷவப்பெிதல அதிகரிக்கும் பபாது அவை்றின் ெடத்தும் பண்புகளும்; இருப்பினும், 

மின்கடத்திகள் ஷவப்பெிதல மாறுபாடுகளின் எெ்தஷவாரு விதளதவயும் 

ஷகாண்டிருக்கவில்தல, ஏஷனனில் அதவ ெடத்தும் பண்புகதளக் 

ஷகாண்டிருக்கவில்தல. இன்சுபலட்டரக்ள் மை்றும் கடத்திகள் திடமான, திரவ அல்லது 

வாயுவாக இருக்கலாம், பமலும் கண்ணாடி (திட) பபான்ை சில விதிவிலக்குகளில் இது 

ஒரு மின்பதக்கி அதிக அளவில் உருகும்பபாது கடத்திகள் ஆகிைது ஷவப்ப ெிதல. 

கடத்துத்திைன் என்பது ஷவப்பம், மின்சாரம் அல்லது ஒலி பபான்ைவை்தை கடத்தும் 

ெிகழ்வு ஆகும்.எனபவ, எெ்தஷவாரு ஷபாருளின் கடத்துத்திைன் மை்றும் 

ததடஷசய்யப்பட்ட இதடஷவளியின் அடிப்பதடயில், அதவ (ஷபாருட்கள்) கடத்திகள், 

குதைக்கடத்திகள் அல்லது மின்கடத்திகள் என வதகப்படுத்தலாம். 
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ஜீனர் றடகேோடு 

ஒரு பி-என் செ்தி ததலகீழ் சாரப்ுதடயதாக இருக்கும்பபாது, அது தை்பபாததய 

ஓடட்த்திை்கு அதிக எதிரப்்தப வழங்குகிைது.சில குறிப்பிடட் மின்னழுத்தத்தில் 

ததலகீழ்-சாரப்ு அதிகரிக்கப்படட்ால், செ்தி முழுவதும் ததலகீழ் மின்பனாட்டம் 

திடீஷரன்று அதிகரிக்கிைது.இெ்த குறிப்பிட்ட திைதன முறிவு மின்னழுத்தம் அல்லது 

ஜீனர ் முறிவு மின்னழுத்தம் என்று அதழக்கப்படுகிைது.படாபன்ட ் அடரத்்தி மை்றும் 

குதைப்பு அடுக்தகப் ஷபாறுத்து ஜீனர ் மின்னழுத்தம் ஒரு சில பவால்ட் முதல் பல நூறு 

வதர மாறுபடும்.முறிவு ஏை்படக்கூடிய இரண்டு தனித்துவமான ஷசயல்முதைகள் 

உள்ளன. 

அதவ 

i.  ஜீனர ்முறிவு  ii.  பனிசச்ரிவு முறிவு 

ஒரு ஜீனர ்தடபயாடு என்பது பி-என் செ்தி தடபயாடு ஆகும், இது இரண்டு முறிவுகளில் 

ஒன்தைப் பயன்படுத்துகிைது.ஒரு ஜீனர ் தடபயாடு வழக்கமாக ததலகீழ் சாரப்ு 

மின்னழுத்தத்தில் முறிவு மின்னழுத்தத்தத விட சை்று அதிகமாக 

இயக்கப்படுகிைது.இெ்த ெிதலதமகளின் கீழ், தடபயாடு முழுவதும் மின்னழுத்த 

வீழ்சச்ி ெதடமுதையில் அதன் மூலம் மின்பனாடட்த்திலிருெ்து சுயாதீனமாக 

உள்ளது.இதன் ஷபாருள் தடபயாடு மின்னழுத்த சீராக்கி ஷசயல்படுகிைது. 

ஜீனர் றடகேோடு பண்புகள்படத்தில் காடட்ப்படட்ுள்ள சுை்றுகதளப் பயன்படுத்தி 

ஜீனர ் தடபயாடு பண்புகதள ஆய்வு ஷசய்யலாம்.ஜீனர ் தடபயாடு படத்தில் 

காடட்ப்படட்ுள்ளபடி ஒரு கம்யூடப்டட்டர ் மூலம் பபட்டரியுடன் 

இதணக்கப்படட்ுள்ளது.கம்யூடப்டட்டர ் ெிதலதய மாை்றுவதன் மூலம், தடபயாடு 

முன்பனாக்கி சாரப்ுதடயதாகபவா அல்லது ததலகீழ் சாரப்ுதடயதாகபவா 

இருக்கலாம்.முதல் முன்பனாக்கி சாரப்ு வழங்கப்படுகிைது. ரிபயாஸ்டாடத்டப் 

பயன்படுத்தி ஷவவ்பவறு மின்னழுத்தம் தடபயாடு ஷகாடுக்கப்படுகிைது மை்றும் 

ஒவ்ஷவாரு மின்னழுத்தத்திை்கும், மில்லி-அம்மீட்டர ் வாசிப்பு குறிப்பிடப்படுகிைது. 

இப்பபாது தடபயாடு ஒரு ததலகீழ் சாரப்ு ஷகாடுக்கப்படட்ு மில்லி-அம்மீட்டர ்தமக்பரா 

அம்மீட்டரால் மாை்ைப்படுகிைது.முன்பனாக்கிச ்சாரப்ின் படி அபத ெதடமுதை மீண்டும் 

ெிகழ்கிைது.இப்பபாது எக்ஸ்-அசச்ில் பவால்ட்மீடட்ர ் வாசிப்தபயும், Y- அசச்ில் 

தை்பபாததய வாசிப்தபயும் எடுத்து ஒரு வதரபடத்தத வதரயலாம்.படத்தில் 

காடட்ப்படட்ுள்ளபடி வதரபடம் இருக்கும். முன்பனாக்கி சாரப்ு ெிதலயில், ஜீனர ்

தடபயாடு ஒரு சாதாரண செ்தி தடபயாடு பபாலபவ ஷசயல்படுகிைது.ஜீனர ்

மின்னழுத்தம், ஜீனர ் மின்பனாடட்த்தின் சராசரி மதிப்புக்கு முறிவு பகுதியில் உள்ள 

மின்னழுத்தமாக வதரயறுக்கப்படுகிைது. ஒரு a.c. ஒை்தை சூப்பர ்திணிக்கப்படட்ுள்ளது, 

வதளவின் சாய்வு ஜீனர ் ெடப்பு- Iz இன் சராசரியாக அளவிட முடியும் .ஜீனர ் எதிரப்்பு 

என்பது அதிகரிக்கும் வாக்கிை்கும் மின்பனாடட்த்திை்கும் இதடயிலான விகிதமாக 

வதரயறுக்கப்படுகிைது. ஜீனர ் எதிரப்்பின் குதைெ்தபடச் மதிப்பு சுமார ் 10 ஆகும் ஓம் 

சுமார ்6 பவால்ட். 

பி-என்-பி மற்றும் என்-பி-என் டிரோன்சிஸ்டர் 
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என்-வதக குதைக்கடத்தியின் ஷமல்லிய அடுக்கு இரண்டு பி-வதக குதைக்கடத்திக்கு 

இதடயில் மணல் சூனியமாக இருக்கும்பபாது, இதன் விதளவாக பி-என்-பி 

டிரான்சிஸ்டர ் உருவாகிைது.இபதபபால் ஒரு பி-வதக பகுதி இரண்டு என்-வதக 

குதைக்கடத்திக்கு இதடயில் மணல் சூனியமாக இருக்கும்பபாது, எங்களிடம் ஒரு என்-

பி-என் டிரான்சிஸ்டர ் உள்ளது.பி-என்-பி மை்றும் என்-பி-என் டிரான்சிஸ்டரக்ள் மை்றும் 

அவை்றின் சுை்று சின்னங்கள் படத்தில் காடட்ப்படட்ுள்ளபடி உள்ளன.டிரான்சிஸ்டரில் 

மூன்று பகுதிகள் உள்ளன.அவரக்ள் ொன்.உமிழ்ப்பான் ii.கஷலக்டர ்iii.அடித்தளம். 

 

டிரோன்சிஸ்டர ்நடேடிக்றக 

        ஷவளிப்புைமாக பயன்படுத்தப்படும் மின்னழுத்தத்தின் ஷசல்வாக்கின் கீழ் அதன் 

வழியாக தை்பபாததய ஓடட்த்தத பகுப்பாய்வு ஷசய்வதன் மூலம் டிரான்சிஸ்டர ்

ஷசயதலப் புரிெ்து ஷகாள்ள முடியும். உமிழ்ப்பான் அடிப்பதட செ்தி முன்பனாக்கி 

சாரப்ுதடயதாகவும் கஷலக்டர ் அடிப்பதட செ்தி ததலகீழ் சாரப்ுதடயதாகவும் 

இருக்கும்.பி-என்-பி டிரான்சிஸ்டரின் ஷசயல்பாடத்ட ொங்கள் படிப்பபாம், பமலும் படம் 

படத்தில் காடட்ப்படட்ுள்ளது. 

 

உமிழ்ப்பான் முன்பனாக்கி சாரப்ுதடயதாக இருப்பதால், பி-பிராெ்தியங்களில் உள்ள 

துதளகள் அடித்தளத்திை்கு ஷசலுத்தப்படுகின்ைன மை்றும் எலக்டர்ான்கள் 

அடித்தளத்திை்கு ஷசலுத்தப்படுகின்ைன மை்றும் எலக்டர்ான்கள் என்-

பிராெ்தியத்திலிருெ்து பி-பகுதிக்கு ஷசலுத்தப்படுகின்ைன. ஆனால் அடிப்பதட பலசாக 

அளவிடப்படட்ு, உமிழ்ப்பான் ஷபரிதும் அளவிடப்படட்ிருப்பதால், துதளகளின் 

எண்ணிக்தகயுடன் ஒப்பிடும்பபாது அடித்தளத்திலிருெ்து உமிழ்ப்பான் வதரயிலான 

எலக்டர்ான்களின் எண்ணிக்தக மிகக் குதைவு. அடிப்பதட பகுதியில் சில துதளகள் 

எலக்டர்ானால் ெடுெிதலயானதவ. அடிப்பதட பகுதி மிகவும் ஷமல்லியதாக 

இருப்பதால், ஷபரும்பாலான துதளகள் இெ்த ஷரஜ்சியதனக் கடெ்து பசகரிப்பான் 

பகுதிதய அதடயும்.கஷலக்டர ்அடிப்பதட பகுதி ததலகீழ் சாரப்ுதடயதாக இருப்பதால், 

செ்திக்கு வரும் துதளகள் ஈரக்்கப்படட்ு இது ஒரு பசகரிப்பான் மின்பனாடட்மாக 

அதமகிைது. உமிழ்ப்பான் மின்பனாடட்ம் I E ஆல் குறிக்கப்படுகிைது, கஷலக்டர ்
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மின்பனாடட்ம் IC மை்றும் அடிப்பதட மின்பனாட்டம் IB ஆகும். IC = IE where என்பது 

தை்பபாததய ஆதாயம் என்று அதழக்கப்படுகிைது, அதன் மதிப்பு 0.95 முதல் 0.98 வதர 

இருக்கும். உமிழ்ப்பான் மின்பனாட்டம் பசகரிப்பான் மின்பனாடட்ம் மை்றும் அடிப்பதட 

மின்பனாடட்த்தின் ஷதாதகக்கு சமம். 

IE = IC + IB 

உமிழ்ப்பான் அடிப்பதட மின்னழுத்தம் அதிகரித்தால், பசகரிப்பாளரும் 

அதிகரிக்கும்.உமிழ்ப்பான் மின்பனாடட்ம் குதைெ்துவிடட்ால், பசகரிப்பான் 

மின்பனாடட்மும் குதைகிைது.ஒரு மாை்று மின்னழுத்தம் உமிழ்ப்பாளருக்கு உள்ளடீாகப் 

பயன்படுத்தப்படட்ால், பசகரிப்பான் சுை்றுவடட்த்தில் ஷபருக்கப்படட் ஷவளியீடத்டப் 

ஷபறுபவாம்.எனபவ டிரான்சிஸ்டதர ஒரு ஷபருக்கியாகப் பயன்படுத்தலாம்.இபதபபால், 

பி-என்-பி டிரான்சிஸ்டதர விளக்கலாம். 

டிரோன்சிஸ்டர ்சுற்று உள்ளறமவு 

டிரான்சிஸ்டதர இதணக்கக்கூடிய மூன்று அடிப்பதட உள்ளதமவுகள் உள்ளன. அதவ 

 

(i) ஷபாதுவான அடிப்பதட உள்ளதமவு(ii) ஷபாதுவான உமிழ்ப்பான் உள்ளதமவு(iii) 

ஷபாதுவான கஷலக்டர ் உள்ளதமவு.உள்ளடீு மை்றும் ஷவளியீடட்ு சுை்றுகளுக்கு 

ஷபாதுவான மின்முதனதயக் குறிக்க ஷபாதுவானது பயன்படுத்தப்படுகிைது. 

ஷபாதுவான மின்முதன ஷபாதுவாக அடித்தளமாக இருப்பதால், இெ்த ஷசயல்பாடட்ு 

முதைகள் ஷபரும்பாலும் ததர தளம், ததரயிைக்கப்படட் உமிழ்வு மை்றும் 

ததரயிைங்கிய பசகரிப்பாளர ்என குறிப்பிடப்படுகின்ைன. 

பபோதுேோன உமிழ்ப்போன் (CE) உள்ளறமவின் பண்புகள் 

ஷபாதுவான உமிழ்ப்பான் டிரான்சிஸ்டர ்சுை்றுகளின் சிைப்பியல்பு கீபழ உள்ள படத்தில் 

காடட்ப்படட்ுள்ளது.ஷபாடஷ்டன்படாமீட்டர ் R1ஐ சரிஷசய்வதன் மூலம் உமிழ்ப்பான் 

மின்னழுத்தத்தின் அடிப்பதட மாறுபடும்.மை்றும் உமிழ்ப்பான் மின்னழுத்தத்திை்கு 
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பசகரிப்பவர ் ஷபாடஷ்டன்படாமீடட்ர ் R2 ஐ சரிஷசய்வதன் மூலம் மாறுபடும்.பல்பவறு 

அதமப்புகளுக்கு, மின்பனாடட்ம் மை்றும் மின்னழுத்தம் மில்லியமீட்டரக்ள் மை்றும் 

பவால்ட்மீட்டரிலிருெ்து எடுக்கப்படுகின்ைன.இெ்த அளவீடுகளின் அடிப்பதடயில், 

உள்ளடீு மை்றும் ஷவளியீடட்ு வதளவு வதளவில் திடட்மிடப்படட்ுள்ளது. 

 

உள்ளட்ீடு சிறப்பிேல்பு ேறளவு 

அடிப்பதட மின்பனாடட் IB மை்றும் அடிப்பதட-உமிழ்ப்பான் மின்னழுத்த VEB க்கு 

இதடயில் திடட்மிடப்படட் வதளவு உள்ளடீட்ு பண்புகள் வதளவு என 

அதழக்கப்படுகிைது. உள்ளடீட்ு சிைப்பியல்தப வதரவதை்கு, அடிப்பதட 

ெீபராட்டங்களின் வாசிப்பு ெிதலயான பசகரிப்பான்-உமிழ்ப்பான் மின்பனாடட்த்தில் 

உமிழ்ப்பான் மின்னழுத்த VBE இல் உள்ள அம்மீட்டர ் வழியாக எடுக்கப்படுகிைது. 

கஷலக்டர-்பபஸ் மின்பனாடட்த்தின் ஷவவ்பவறு மதிப்பிை்கான வதளவு கீபழ உள்ள 

படத்தில் 

காடட்ப்படட்ுள்ளது.ஷபாதுவானஅடிப்பதடஉள்ளதமவுக்கானவதளவுமுன்பனாக்கிதட

பயாடுபண்புக்குஒத்ததாகும்.உமிழ்ப்பான்-அடிப்பதடமின்னழுத்த 

VBEஇன்அதிகரிப்புடன்அடிப்பதடமின்பனாடட் IBஅதிகரிக்கிைது. 

 

இதனால் CE உள்ளதமவின் உள்ளடீட்ு எதிரப்்பு CB கடட்தமப்பின் ஒப்பீடட்ளவில் 

அதிகமாக உள்ளது.CE இன் விதளவு வதளவுகளில் ஷபரிய விலகதல ஏை்படுத்தாது, 

எனபவ உள்ளடீட்ு பண்புகளில் VCE இன் மாை்ைத்தின் விதளவு புைக்கணிக்கப்படுகிைது. 
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உள்ளட்ீடு எதிர்ப்பு: ெிதலயான கஷலக்டர-்உமிழ்ப்பான் மின்னழுத்தம் VCE இல் 

அடிப்பதட மின்பனாடட்ம் ∆IB இன் மாை்ைத்திை்கான அடிப்பதட-உமிழ்ப்பான் 

மின்னழுத்த VBE இன் மாை்ைத்தின் விகிதம் உள்ளடீட்ு எதிரப்்பு என 

அதழக்கப்படுகிைது.அதாவது, 

 

பேளியீட்டு சிறப்பிேல்பு 

               CE கடட்தமப்பில், கஷலக்டர ் ெடப்பு ஐசி மை்றும் கஷலக்டர-்உமிழ்ப்பான் 

மின்னழுத்தம் VCE க்கு இதடயில் ஒரு ெிதலயான அடிப்பதட மின்பனாடட்த்தில் வதளவு 

ஈரக்்கிைது ஷவளியீடட்ு பண்பு என்று அதழக்கப்படுகிைது. CE உள்ளதமவில் வழக்கமான 

NPN டிரான்சிஸ்டருக்கான சிைப்பியல்பு வதளவு கீபழ உள்ள படத்தில் 

காடட்ப்படட்ுள்ளது. 

 

ஷசயலில் உள்ள பிராெ்தியத்தில், கஷலக்டர-்உமிழ்ப்பவர ் VCE மின்பனாடட்ம் 

அதிகரிக்கும்பபாது பசகரிப்பான் மின்பனாடட்ம் சை்று அதிகரிக்கிைது.வதளவின் சாய்வு 

CB உள்ளதமவின் ஷவளியீடட்ு பண்புகதள விட அதிகம்.ஷபாதுவான அடிப்பதட 

இதணப்பின் ஷவளியீடட்ு எதிரப்்பு CE இதணப்தபக் காடட்ிலும் அதிகமாகும். 

ெிதலயான மின்னழுத்த IB இல் VCE இன் அதிகரிப்புடன் பசகரிப்பாளரின் தை்பபாததய IC 

இன் மதிப்பு அதிகரிக்கிைது, இதன் மதிப்பு β பமலும் அதிகரிக்கிைது.ஷவளியீடட்ு 

எதிரப்்பு: பசகரிப்பான்-உமிழ்ப்பான் மின்னழுத்தத்தின் மாறுபாடட்ின் விகிதம் 

பசகரிப்பான்-உமிழ்ப்பான் மின்பனாடட்த்துடன் கஷலக்டர ் ெீபராடட்ங்களில் ஒரு 

ெிதலயான அடிப்பதட மின்பனாடட்த்தில் அறியப்படுகிைது. 

 

புல விறளவு டிரோன்சிஸ்டர ்
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புலம்-விதளவு டிரான்சிஸ்டர ் (FET) என்பது ஒரு குதைக்கடத்தி சாதனம் ஆகும், இது ஒரு 

மின்சார புலத்தால் மின்பனாடட்த்ததக் கடட்ுப்படுத்துவதில் அதன் ஷசயல்பாடத்டப் 

ஷபாறுத்தது, ஏஷனனில் மின்பனாடட்ம் ஷபரும்பான்தம பகரியரக்ளால் மடட்ுபம 

ஷசயல்படுத்தப்படுகிைது, புலம் விதளவு டிரான்சிஸ்டர ் யூனிபபாலார ் சாதனம் என்று 

கூைப்படுகிைது. 

 

FET இல் இரண்டு ேறககள் உள்ளன, அறே 

1. செ்தி புலம் விதளவு டிரான்சிஸ்டர ்மை்றும் 

2. ஷமடட்ல் ஆக்தசடு குதைக்கடத்தி புலம் விதளவு டிரான்சிஸ்டர ் (MOSFET). MOSFET 

இன்சுபலடட்ட ்பகட ்ஃபீல்ட் எஃஷபக்ட் டிரான்சிஸ்டர ்(IGFET) என்றும் அதழக்கப்படுகிைது. 

சந்தி புலம் விறளவு டிரோன்சிஸ்டர் கட்டுமோனம் 

ஒரு JFET இல், தை்பபாததய ஓடட்ம் கடட்ணங்களின் ஷபரும்பான்தமயான பகரியரக்ள் 

காரணமாகும்.ஒரு குதைக்கடத்தியில், இரண்டு வதகயான பகரியரக்ள் தவஸ் 

துதளகள் மை்றும் எலக்ட்ரான்கள் உள்ளன.எனபவ JFET இரண்டு வதகயாகும். 

i). N- பசனல் FETii.P-பசனல் FET - இெ்த தை்பபாததய ஓடட்த்தில் துதளகள் ஏை்படுகின்ைன. 

 

ஒரு n- பசனல் FET இன் கடட்தமப்பு படத்தில் காட்டப்படட்ுள்ளது. N- வதக ஷபாருளின் 

குதைக்கடத்தி படட்ியின் இரண்டு முதனகளிலும் ஓமிக் ஷதாடரப்ுகள் 

ஷசய்யப்படுகின்ைன (பி-வதக சிலிக்கான் பயன்படுத்தப்பட்டால், சாதனம் P-பசனல் FET 

என குறிப்பிடப்படுகிைது. படட்ியின் இருபுைமும் செ்திப்புகள் அதை்கு பெரம்ாைான 
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அசுத்தங்கதள உருவாக்குகின்ைன பசனலின் அதாவது n- வதக பசனலுக்கான p- வதக 

அசுத்தங்கள் மை்றும் அதை்கு பெரம்ாைாக. படட்ியின் இறுதி முதனயங்களுக்கு 

இதடயில் ஒரு மின்னழுத்தத்ததப் பயன்படுத்துவதன் மூலம் படட்ியின் ெீளத்துடன் 

மின்பனாடட்ம் பாய அனுமதிக்கப்படுகிைது. மின்பனாட்டமானது ஷபரும்பான்தம 

பகரியரால் ஷகாண்டு ஷசல்லப்படுகிைது பசனல். பின்வரும் FET குறியீடு 

ெிதலயானது.மூல S என்பது முதனயமாகும், இதன் மூலம் ஷபரும்பான்தமயான 

பகரியரக்ள் படட்ிதய விடட்ு ஷவளிபயறுகின்ைன. S இல் படட்ியில் நுதழயும் வழக்கமான 

மின்பனாடட்ம் Is ஆல் ெியமிக்கப்படுகிைது. 

ஒரு n- பசனல் JFET ஐக் கருத்தில் ஷகாண்டு VGS அல்லது VDS அல்லது இரண்டும் 

மாை்ைப்படும்பபாது அதன் ஷசயல்பாடத்டப் பை்றி விவாதிப்பபாம். 

1. VGS=0 மை்றும் விடிஎஸ் = 0: DS மை்றும் GS இதடபய மின்னழுத்தங்கள் எதுவும் 

பயன்படுத்தப்படாதபபாது, பி-செ்திதயச ்சுை்றியுள்ள குதைப்பு பகுதி சமதடிமன் 

மை்றும் சமசச்ீர ்ஆகும். 

2. VGS=0 மை்றும் VDSபூஜ்ஜியத்திலிருெ்துஅதிகரிக்கும்பபாது: 

இதை்காக,JFETவிெிபயாகத்துடன்இதணக்கப்படட்ுள்ளது. 

Sமுதல்Dவதரஎலக்டர்ான்ஓடட்ம், 

வழக்கமானவடிகால்ெடப்புஐடிடிமுதல்எஸ்வதரபசனல்வழியாகபாய்கிைது. 

விடிஎஸ்பயன்படுத்தப்படும்பபாது, எஸ்முதல்டி-

அதாவதுஷசல்லும்பபாதுபசனலுடன்பெரம்தையானஆை்ைலின்படிப்படியானஅதிக

ரிப்புஉள்ளது. எஸ்முதல்டிவதரபசனலுடன்ஷசல்லும்பபாது p-n 

செ்திமுழுவதும்ததலகீழ்மின்னழுத்தம்அதிகரிக்கிைது. 

எனபவகுதைப்புபகுதியின்தடிமனும்கூடஅதிகரிக்கிைது. 
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3. VDS = 0 மை்றும் VGS பூஜ்ஜியத்திலிருெ்து குதையும் பபாது: VGS பமலும் பமலும் 

எதிரம்தையாக இருக்கும்பபாது பகட ்ததலகீழ் சாரப்ு அதிகரிக்கிைது. எனபவ குதைப்பு 

பகுதியின் தடிமனும் அதிகரிக்கிைது.ஒரு குறிப்பிட்ட மின்னழுத்தத்தில், இரண்டு குதைவு 

பகுதிகளும் ஒருவருக்ஷகாருவர ் ஷதாடரப்ு ஷகாள்கின்ைன.இெ்த ெிதலயில், பசனல் கட-்

ஆஃப் என்று கூைப்படுகிைது.பசனதல ஷவடட்ுவதை்குத் பததவயான விஜிஎஸ் மதிப்பு 

கட்-ஆஃப் மின்னழுத்தம் என்று அதழக்கப்படுகிைது. 

4. VGS எதிரம்தையாக இருக்கும்பபாது மை்றும் விடிஎஸ் அதிகரிக்கும் பபாது: விஜிஎஸ் 

பமலும் பமலும் எதிரம்தையாக ஷசய்யப்படுவதால், பவாவின் மதிப்பு மை்றும் முறிவு 

மின்னழுத்தம் குதைகிைது. இது படத்தில் காடட்ப்படட்ுள்ளது.பகட ் மின்னழுத்தம் 

வடிகால் மின்பனாடட்த்தத கடட்ுப்படுத்துவதால் JFET ஒரு மின்னழுத்த கடட்ுப்பாடட்ு 

சாதனம் என்று அதழக்கப்படுகிைது.ஒரு பி-பசனல் JFET சரியாக n- பசனல் JFET பபாலபவ 

இயங்குகிைது தவிர தை்பபாததய பகரியரக்ள் துதளகள் மை்றும் VDS மை்றும் VGS 

இரண்டின் துருவமுதனப்புகளும் ததலகீழாக மாறும். 
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Unit – V Digital Electronics 

Number system – Conversions – Binary: Addition, Subtraction Multiplication and Division – 

8421 Code – BCD Code – Excess 3 Code –Gray code – Binary to Gray and Gray to Binary 

conversion – ASCII Code – Basic Gates and derived gates: AND, OR NOT, NAND, NOR, EX-

NOR, NAND &  NOR as Universal gates – De Morgan’s theorem – Half adder –Full adder – 

Half subtractor – Full subtractor (using basic gates). 

Introduction 

 Electronic circuits can be divided into two broad catagories such as analog and digital.  

Analog circuit deals quantities with discrete values and digital circuit deals quantities with 

decrete values (i.e., the values occur at discrete interval of time).  Now a days the digital 

technology is applied in every part of human life such as television, communication systems, 

biomedical instruments and consumer electronics etc.  

 The advantage of digital circuits over analog circuits are accuracy of the system is high, 

power consumption is very low, fast and more efficient and reliable than analog system.  The 

digital circuits has only two possible states such as “high” and “low”.  It can be represented by 

open and closed switches or on and off condition of the switch.  Thus to describe the behavior  of 

the digital system two state number system known as “binary number” system used.  In this 

unit fundamentals of digital electronics have been discussed. 

Number system 

1. Decimal number system, base -10, 0 – 15, Ex- (65)10 

2. Binary number system, base -2, 0000 – 1111, Ex – (101)2 

3. Octal number system, base -8, 0 -7, Ex – (76)8 

4. Hexadecimal number system, base – 16, 0 -9, A-F, Ex- (3D1)16 

 

DECIMAL NUMBER SYSTEM 

 The decimal number system makes use of ten digits namely, 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9.  

Since ten basic symbols or digits are used, the decimal number system is said to have a base or 

radix of ten. 

Any decimal number is formed combining the digits at different positions and applying 

corresponding weights to the digits. e.g.:  

          25 = 20 + 5   =  2 × 10 + 5 ×1   = 2 × 101 + 5 × 100  

MSD – Most Significant Digit                         MSB – Most significant Bit 

LSD – Least significant Digit                          LSB – Least Significant Bit 



Mrs. D. S. Vasanthi, Dept. of Physics 
 

 

BINARY NUMBER SYSTEM 

 A binary number system uses only two symbols or digits namely, 0 and 1.  That is the 

binary number system has a base or radix of 2.  A binary digit 0 or 1 is  called a bit. 

 A 4-bit binary word is called as a nibble.  An 8-bit binary word is called as a byte.  A 16-

bit binary word is simply called as a word. 

             For example: (101)2   = 1 × 22 + 0 × 21 + 1 × 20 

 

OCTAL NUMBER SYSTEM 

The octal number system has a base 8. The basic digits used are 0,1,2,3,4,5,6,7. 

             For example: (475)8   = 4 × 82 + 7 × 81 + 5 × 80 

 

HEXADECIMAL NUMBER SYSTEM 

 The hexadecimal number system has a base 16.  The basic digits are 0, 1, 2, 3, 4, 5, 6, 7, 

8, 9, A, B, C, D, E, F.  

 The hex to decimal conversion is similar to binary to decimal conversion, only the 

weights are different.  In this case, the weights used are 160, 161, 162 etc., for the integer part and 

16-1, 16-2 etc. for the fractional part. 

  For example :  (D5)16   = (13 × 161 + 5 × 160) 
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CONVERSION 

DECIMAL TO BINARY CONVERSION 

 A decimal number like 19 can be converted into binary by repeatedly dividing the 

number by 2 and collecting the remainders (double dabble method). 

 

 Collecting the remainders in the reverse, we get 

                                       (19)10 = (10011)2 

 For decimal fractions, the fractional part has to be multiplied by 2 successively and 

collecting the carries from top to bottom. For example the decimal fraction 0.625 is converted 

into binary as, 

                        0.625 × 2 = 1.250 ; carry is 1 (MSB) 

                        0.250 × 2 = 0.500 ; carry is 0 

                        0.500 × 2 = 1.000 ; carry is 1 (LSB)    

(0.625)10  =  (0.101)2 

DECIMAL TO OCTAL CONVERSION 

  To convert a decimal number to octal, we have to divide the decimal number by 8 

repeatedly and collect the remainders from top to bottom (for the integer part). The remainders 

also must be taken in octal. 

For example, let us convert the decimal number 68 to octal 

i.e., (68)10 = (104)8                                                                                           (109)10 = (155)8 



Mrs. D. S. Vasanthi, Dept. of Physics 
 

                                                                                   

DECIMAL TO HEXADECIMAL CONVERSION 

 To convert a decimal number to hex, we have to divide the decimal number by 16 

repeatedly and collect the remainders from top to bottom (for the integer part).  The remainders 

also must be taken in hex. Example, the decimal number  

                                                            

         (213)10 = (D5)16                                                                                (1020)10 = (3FC)H 

 To convert the fractional part of a decimal number, multiply by 16 repeatedly and collect 

the carriers.  For example, (0.5)10 can be converted into hex as shown. 

                0.5 × 16 = 8.0 

   i.e.,      (0.5)10 = (0.8)H 

BINARY TO DECIMAL CONVERSION 

 A binary number can be converted into a decimal number by adding the products of each 

bit and its weight.  Examples. 

(i) (101)2   = 1 × 22 + 0 × 21 + 1 × 20 

                         = 4 + 0 + 1 =  5 

i.e.,  (101)2        = (5)10 

 

(ii)   (10011)2   = 1 × 24 + 0 × 23 + 0 × 22 + 1× 21 + 1 × 20 

                         = 16+ 0 + 0 + 2 + 1   = 19 

i.e.,  (10011)2   = (19)10  

OCTAL TO DECIMAL CONVERSION 

Let us convert a octal number (62)8 to decimal. 

                             (62)8   = (6 × 81 + 2 × 80)10 

                                        = (6 × 8 + 2 × 1)10 

                                        = (48 +2)10   = (50)10                                   
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HEXADECIMAL TO DECIMAL CONVERSION 

 The hex to decimal conversion is similar to binary to decimal conversion, only the 

weights are different.  In this case, the weights used are 160, 161, 162 etc., for the integer part and 

16-1, 16-2 etc. for the fractional part. 

 Let us convert a hexadecimal number (D5)H to decimal. 

                         (D5)16   = (13 × 161 + 5 × 160)10 

                                        = (13 × 16 + 5 × 1)10 

                                        = (208 + 5)10 

(D5)16 can also be written as (D5)H. 

HEXADECIMAL TO BINARY CONVERSION 

 To convert a hexadecimal number to binary, replace each hex digit with its equivalent 4-

bit binary. 

             Table gives the hex, decimal and the corresponding binary combination. 

Decimal Hexadecimal 

Binary 

23+22+21+20 

8+4+2+1 

0 0 0000 

1 1 0001 

2 2 0010 

3 3 0011 

4 4 0100 

5 5 0101 

6 6 0110 

7 7 0111 

8 8 1000 

9 9 1001 

10 A 1010 

11 B 1011 

12 C 1100 

13 D 1101 

14 E 1110 

15 F 1111 

 

 

BINARY TO HEXADECIMAL CONVERSION 
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To convert a binary number to hex, we have to arrange the bits into group of 4 bits 

starting from LSB (Least significant Bit). If the final group has less than 4-bits, just include zeros 

in MSB to make it a group of 4 bits.  

For example, to convert (100101)2 into hex, arrange the bits as (10 0101)2. Now include 

two zeros for the first group at the front. The binary combination now becomes (0010 0101)2. In 

the last step replace each 4 bit binary group by its equivalent hex digit. i.e. 0010 = 2  and  0101 = 

5 

Therefore, (100101)2 = (0010  0101)2=  (25)H. 

(6F)H  = (0110  1111)2 

OCTAL TO BINARY CONVERSION 

Since the base of octal number system is 8 which is equal to 23, to convert a octal number 

to binary, all we have to do is replace each octal digit with its equivalent 3-bit binary. 

Decimal  Octal Binary 

(22+21+20) 

0 0 000 

1 1 001 

2 2 010 

3 3 011 

4 4 100 

5 5 101 

6 6 110 

7 7 111 

 

BINARY TO OCTAL CONVERSION 

To convert a binary number to octal, we have to arrange the bits into group of 3 bits 

starting from LSB (least significant bit). If the final group has than 3 bits just include zeros to 

make it a group n of 3 bits. For example, to example (10 101) into octal, arrange the bits as (10 

101). Now include a zero for the first group at the front. The binary combination now becomes 

(010 101). In the last step, replace each 3-bit binary group by its equivalent octal digit. i.e., 010 = 

2  and  101 = 5. 

Therefore, (10 101)2 = (010  101)2 = (25)8 

                        (37)8  = (011 111)2 

 

BINARY ARITHMETIC 

Binary arithmetic operations are carried out in a same manner as decimal operations. 
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BINARY ADDITION 

The addition of two binary numbers is very similar to addition of two decimal numbers. The 

following rules are followed while adding two binary numbers. 

0 + 0 = 0 

0 + 1 = 1 

1 + 0 = 1 

1+ 1 = 10      ; Read as 0 with a carry 1 

(1+1 is 2 which is (10)2) 

1+1+1 = 11   ; Read as 1 with a carry 1 

(1 + 1 + 1 is 3 which is (11)2; the third bit is usually the carry from the previous addition. 

 

   (11110 + 11)2 =  (100001)2                              (1101+ 1110)2 = (11011)2 

BINARY SUBTRACTION 

The subtraction of two binary numbers is similar to the subtraction of two decimal 

numbers. 

0 – 0 = 0 

0 – 1 = 1    ; Read as difference 1 with a borrow 1 

1 – 0 = 1 

10 – 1 = 1 

(1 cannot be subtracted from 0; therefore a ‘1’ is assumed to be borrowed from the next column 

whose weight is 21  which makes it 10. Therefore 10 – 1 = 1 (difference) and borrow = 1) 
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      (1101 – 110)2 = (111)2                        (1001 – 111)2 = (10)2 

 

BINARY MULTIPLICATION 

 The following are the four basic rules for multiplying binary digits. 

0× 0  = 0 

0× 1 =  0 

1× 0  = 0 

1 × 1 = 1 

 

    (101 × 111)2  = (100011)2                             (10110 × 101)2 = (1101110)2 

 

BINARY DIVISION 

Binary division is the same as decimal division. 
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BCD CODES – 8421 CODE 

 A group of bits (usually four) which are used to represent decimal numbers 0 to 9 are 

called Binary Coded Decimal codes or BCD codes. 

 The most popular BCD code is the 8421 code. The 8421 indicates the binary weights of the 

four bits (23, 22, 21, 20). Using the four bits with weight 8,4,2,1, we can easily represent the 

decimal numbers 0 to 9 as given in the Table. 

 From the Table, we can see that the four bit binary combination given is only the first ten 

combination of the four bit binary progression. The six remaining combinations, namely 1010, 

1011, 1100, 1101, 1110 and 1111 are invalid 8421 BCD codes. 

Decimal 8  4  2  1 

0 0  0  0  0 

1 0  0  0  1 

2 0  0  1  0 

3 0  0  1  1 

4 0  1  0  0 

5 0  1  0  1 

6 0  1  1  0 

7 0  1  1  1 

8 1  0  0  0 

9 1  0  0  1 

 

 Any decimal number greater than 9 can be easily represented in 8421 BCD, by repeatedly 

using the four bit code for each digit. Few examples are given below. 

 

Decimal        8421  BCD  code 
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29 

468 

97.5 

0010  1001 

0100  0110  1000 

1001  0111 . 0101 

 

Excess -3 CODE 

 The Excess -3 code is a BCD code used in earlier computers. The Excess -3 code for a 

decimal digit is obtained by adding 0011 (3) to the 8421 BCD code. The Excess -3 code also has 

ten valid codes and six invalid codes. The six invalid codes are 0000, 0001, 0010, 1101, 1110 

and 1111. The valid Excess -3 codes are given in the Table. 

 

 

 

 

 

 

 

 

 

 

 

 

In Excess-3 code (Like in 8421 BCD code), if the number is greater than 9, the code is given 

separately for each digit. Few examples are given below.     

Decimal number Excess-3 code 

26 

97 

85.3 

          0101   1001 

          1100   1010 

1011  1000 . 0110 

  

Decimal 8  4  2  1 Excess – 3 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0  0  0  0 

0  0  0  1 

0  0  1  0 

0  0  1  1 

0  1  0  0 

0  1  0  1 

0  1  1  0 

0  1  1  1 

1  0  0  0 

1  0  0  1 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 
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The Excess-3 code is not a weighted code. 

GRAY CODE 

 Gray code is another important code that can be used in sequence counting.  When the 

count advances by one, to reduce error, the number of changes in the bits has to be kept 

minimum. 

Binary to Gray conversion: 

 To convert a given binary number to its equivalent Gray code the following rules are 

applied 

1. The MSB of the Gray code is the same as the MSB of the binary. 

2. Coding from left to right, add each adjacent pair of bits to get the next bit of the Gray 

code.  Omit the carries if occurs. 

 

An example, lett us convert the binary number 1011 to Gray code. 

Step 1. 

The left  most bit (MSB)  in Gray code is the same as the MSB of the binary. 

                   1      0       1      1                               Binary 

1 Gray 

Step 2. 

Add the left most bit to the adjacent one. 

                   1  +  0       1       1                             Binary 

                   1      1                                               Gray 

Step 3. 

Add the next adjacent pair. 

                   1      0  +   1       1                             Binary 

                   1      1       1                                      Gray 

Step 4. 

Add the next adjacent pair and omit the carry. 

                   1       0       1  +   1                             Binary 

                   1       1       1       0                             Gray 
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The conversion is now complete. 

                 (1011)2  =  (1110)G 

Gray to Binary conversion: 

 To convert a given number in Gray code into equivalent binary, the following rules are 

applied. 

1. The MSB of the Binary is the same as the MSB of the Gray. 

2. Coding from left to right, add the binary digit generated to the adjacent gray bit to get 

the next bit of the binary.  Omit the carries if occurs. 

An example, let us convert the Gray code 1110 to its equivalent binary. 

Step 1. 

The left most bit (MSB) in binary is the same as the MSB of the Gray. 

 

                       1     1     1     0                               Gray 

                       ↓  

1 Binary 

Step 2. 

Add the binary digit generated to the adjacent bit of the Gray code. 

                      1     1     1     0                                Gray 

                       ↗ 

                      1     0                                              Binary 

Step 3. 

Add the binary digit generated to the adjacent bit of the Gray code. 

                      1     1     1     0                               Gray 

                             ↗ 

                      1     0     1                                      Binary 

Step 4. 
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Add the binary digit generated to the adjacent bit of the Gray code. 

                     1     1     1     0                                Gray 

                                   ↗ 

                     1     0     1     1                                Binary 

The conversion is now complete. 

                (1110)G  =  (1011)2 

ASCII CODE    

 ASCII stands for American standard code for information interchange. This is 7- bit 

code used to represent decimal digits 0 to 9, alphabets A to Z (both lower case and upper case) 

and some special characters. That is, ASCII is an alpha numeric code. 

 Since ASCII is a 7 –bit code, there are 128 (27) possible binary combinations. A few 

examples are given below. 

ASCII 

Symbol 

Decimal Hex 7 –binary 

 

0 

1 

2 

 

9 

: 

? 

A 

B 

Z 

 

a 

 

48 

49 

50 

 

57 

58 

63 

65 

66 

90 

 

97 

 

30 

31 

32 

 

39 

3A 

3F 

41 

42 

5A 

 

61 

 

011  0000 

011  0001 

011  0010 

 

011  1001 

011  1010 

011  1111 

100  0001 

100  0010 

101  1010 

 

110  0001 
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b 

 

z 

 

DEL 

98 

 

122 

 

127 

62 

 

7A 

 

7F 

110  0010 

 

111  1010 

 

111  1111 

 

 The ASCII code also includes some control characters like DEL (Delete), ESC (Escape),  

STX (Start of Text), ETX (End of Text), etc. 

LOGIC GATES 

 A gate is logic circuit which has one output and one or more inputs.  An output occurs 

only for a particular combination of input signal.  The output of the logic circuit can be in logic 

‘1’ state or logic ‘0’ state. 

 Logic 0 state means ‘0’ volt or less than 5 volts occurs in output.  Logic 1 state means 5 

volts occurs at the output. 

1. Basic gates – AND, OR, NOT 

2. Universal gates – NAND, NOR 

3. Other gates – EX-OR, EX-NOR. 

Truth table 

 A truth table is one which shows all possible input, output combinations for a logic 

circuit.  If there are ‘n’ inputs then we have 2n output states. 

a) AND gate (IC – 7408) 

     

  It has one or more input and only one output.  In this gate the output is high if all 

the inputs are high, if any one input or all the inputs are low the output is low.  The 

symbol and truth table given in below. 

 

Boolean equation Y = A.B 

                                                                                                                 

                   Symbol                                                                     Truth table 
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b) OR gate (IC – 7432) 

      

 An OR gate has one or more inputs and only one output.  The output is ‘1’ when 

anyone or more than one of the inputs is ‘1’ and the output is ‘0’ only when all the inputs 

are ‘0’. 

 

Boolean equation   Y = A + B                   

             Symbol                                                                         

Truth 

table                  

                                                                         

 

 

c) NOT gate (IC – 7404) 

 

       The NOT gate has a single input and single output.  The is always the complements 

(opposite) of the input. 

 

            Boolean equation   Y = Ᾱ 

 

        Symbol                                                                             Truth table 

                                         
                         

 

UNIVERSAL GATES 

d) NAND gate (NOT +AND = NAND) ( IC – 7400) 

 

         This gate is equivalent to an AND gate followed by an inverter (NOT gate) as 

shown in figure.  It has two or more inputs and only one output.  If any one of the inputs 

to the gate is ‘0’ then the output is ‘1’ and the ouput is ‘0’ only when all the inputs are 

‘1’. 

 

 Boolean equation  Y = 𝑨. 𝑩̅̅ ̅̅ ̅ 

A B Y = A.B 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

0 

1 

A B Y = A+B 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

 

A 

 

Y =𝑨̅  

0 

1 

1 

0 
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              Symbol                                                                    Truth table 

 
 

 

 

e) NOR gate (NOT + OR = NOR)(IC – 7402) 

         

 This gate is equivalent to an OR gate followed by an inverter as shown in figure.  

It has two or more inputs but only one output.  If any of the inputs to a NOR gate is ‘1’ 

the outputs is ‘0’ and if all the inputs to the NOR gate are ‘0’s, then the output is ‘1’. 

 

Boolean equation    Y = 𝑨 + 𝑩̅̅ ̅̅ ̅̅ ̅̅  

 

Symbol                                                                          Truth table 

 
 

OTHER GATES 

f) EX-OR (or) XOR gate (Exclusive – OR) (IC – 7486) 

 

           The exclusive OR gate has two or more inputs but only one output.  If odd number 

of inputs are ‘1’ then the output is ‘1’ and for all other input combinations, the output is 

‘0’. 

 For a two input EX-OR gate, the output is ‘1’ when either of the input is ‘1’ and 

the output is ‘0’ when both the inputs are equal i.e., ‘1’ or ‘0’. 

 

   Boolean equation   Y= A ⊕ 𝑩 

 

 

              Symbol                                                                         Truth table 

 

A 

 

B 

 

Y = 𝐴. 𝐵̅̅ ̅̅ ̅ 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

                                                     

A 

 

B 

 

Y =𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

0 

0 

1 

1 

0 

1 

0 

1 

1 

0 

0 

0 

                                                     

A 

 

B 

 
𝑌 = 𝐴 ⊕ 𝐵 
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g) EX-NOR (or) XNOR gate (Exclusive – NOR) ( IC – 74266) 

 

          This gate is equivalent to an exclusive OR gate followed by an inverter.  If even 

number of inputs are ‘1’ the output is ‘1’ and for all other input combinations, the output 

is ‘0’.  For a two input exclusive –NOR gate, the output is ‘1’ when both the inputs are 

equal to ‘1’ or ‘0’ and the output is ‘0’ when the inputs are different.  It is also called a 

comparator or a logic identity gate. 

 

Boolean equation  𝒀 = 𝑨 ⊕ 𝑩   = 𝑨̅𝑩 + 𝑨𝑩̅ 

 

 

                         Symbol                                                              Truth table 

 

 
 

UNIVERSAL GATES 

1. NAND as UNIVERSAL GATE 

  The symbol for the NAND gate and the truth table are shown in fig. 

 

 

 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

                                                     

A 

 

B 

 
𝑌 = 𝐴 ⊕ 𝐵 

 

0 

0 

1 

1 

0 

1 

0 

1 

1 

0 

0 

1 

A B Y=𝐴𝐵̅̅ ̅̅  

0 0 1 

0 1 1 

1 0 1 

1 1 0 
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By connecting NAND gates in different ways, it is possible to get the function of any other gate. That, 

is the functions of NOT, AND, OR,etc., can be implemented using only NAND gates. Therefore, the 

NAND gate is called as a Universal gate or Universal building block.  

(i) NAND as NOT  

A NOT gate has only one input and one output. If the input is A the output is given by 𝑨.̅ 

 

 

 

 

In a two input NAND gate, if both the inputs are marked as A, then the output is given by 𝑨̅𝐴which is 

equal to 𝑨̅. This arrangement makes the NAND to function as NOT. NAND as NOT is shown in Fig. 

(ii) NAND as AND 

The symbol and the truth table for the AND gate is shown in the Fig., 

 

 

 

The output of the NAND gate is 𝑨𝑩̅̅ ̅̅ . To make it as AB, the output of the NAND gate is inverted 

once. But, the inverter is also implemented using a second NAND gate. The arrangement is shown in fig. 

 

(iii) NAND as OR 

           The symbol and the truth table for the OR gate is shown in the Fig., 

 

 

 

 

 

A Y=𝐴̅ 

0 1 

1 0 

A B Y =A.B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

A B Y =A+B 
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To get the OR expression A + B, the inputs are first inverted and then passed through NAND 

gate. This arrangement is shown in fig. Three NAND gates are needed to get the OR function. 

By Demorgan’s theorem, 

𝑨̅𝑩̅̅̅ ̅̅  = 𝑨̅ + 𝑩̅ = A + B 

The NOT gate are also obtained using NAND gates. 

(iv) NAND as NOR 

The symbol and the truth table for the NOR gate is shown in the Fig.,  

 

 

 

The NOR gate is obtained by simply inverting the output of the OR gate. The implementation of 

NOR gate using NAND gates is given in Fig., 

2. NOR as UNIVERSAL GATE 

 The symbol and the truth table for the NOR gate is shown in the Fig., 

 

 

(i) NOR as NOT 

In a two input NOR gate, if both the inputs are marked as A, then the output is given by 

𝑨 + 𝑨̅̅ ̅̅ ̅̅ ̅̅  which is equal to 𝑨̅. Since the two inputs are the same, the two inputs of the NOR gate can 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

A B Y =𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

0 0 1 

0 1 0 

1 0 0 

1 1 0 

A B Y =𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

0 0 1 

0 1 0 

1 0 0 

1 1 0 
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be connected together and used as gate with a single input. This arrangement makes the NOR to 

function as NOT. The arrangement is shown in Fig.,                                                                                                          

 

        

 

(ii) NOR as OR 

The output of the NOR gate is 𝑨 + 𝑩̅̅ ̅̅ ̅̅ ̅̅ . To make it as (A + B), the output of the NOR gate 

is inverted once. But the inverter is also implemented using a second NOR gate. The arrangement 

is shown in Fig., 

          

 

 

(iii) NOR as AND 

To get the AND expression A.B, the inputs are first inverted and then passed through a 

NOR gate. This arrangement is shown in Fig., Three NOR gates are needed to get the AND 

function. 

 

 

 

(iv) NOR as NAND 

The NAND gate is obtained by simply inverting the output of the AND gate.  The 

implementattion of NAND gate using NOR gates is given in Fig., 

A Y=𝐴̅ 

0 1 

1 0 

A B Y =A+B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

A B Y =A.B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
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     De Morgan’s theorems 

 De morgan has introduced two theorems. 

1. 𝐴𝐵̅̅ ̅̅ =  𝐴̅ + 𝐵̅ 

2. 𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅ =  𝐴̅. 𝐵̅ 

 

Theorem  1:   

 

 The complement of a product is equal to the sum of (individual) complements. 

 

 
 

A B 𝑨̅ 𝑩̅ 

 

AB 𝑨𝑩̅̅ ̅̅  𝑨̅ + 𝑩̅ 

 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

1 

1 

0 

 

Theorem  2: 

 

 The complement of a sum is equal to the product of (individual) complements. 

 

A B Y=𝐴𝐵̅̅ ̅̅  

0 0 1 

0 1 1 

1 0 1 

1 1 0 
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A B 𝑨̅ 𝑩̅ 

 

A+B 𝑨 + 𝑩̅̅ ̅̅ ̅̅ ̅̅  𝑨̅. 𝑩̅ 

 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

0 

 

 

Half Adder 

  

A combinational circuit shown in figure that performs the addition of two bits is 

called a half adder.   

 Half adder is a logic circuit that adds two bits and gives the results on two output 

lines as sum (S) and carry (Cy). 

 

                        Boolean equation            Sum = 𝑨 ⊕ 𝑩 = 𝑨̅B + 𝑩̅A 

                                                                     Carry = A B 

            

        Block diagram 

 
 

Logic diagram 

 

A B Sum Carry 
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Full Adder 

  

A full adder is a combinational circuit that adds 3 bits at a time.  It consists of 

three inputs and two outputs.  Two of the input variables denoted by A and B represent 

the two significant bits to be added.  The third input C represents the carry from the 

previous lower significant position.  The two output  are designated as S for sum and Cy 

for carry.  

 

Boolean equation     Sum = A ⊕ 𝑩 ⨁ 𝑪 

                                Carry = AB + BC + CA 

 

             Block diagram 

 
 

 
 

0 

 

0 

 

1 

 

1 

0 

 

1 

 

0 

 

1 

0 

 

1 

 

1 

 

0 

0 

 

0 

 

0 

 

1 
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A B C Sum Carry 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

 

Half Subtractor 

 Half substractor is a logic circuit that subtracts one bit from another bit and 

produces two outputs as Difference (Diff) and Borrow (Br). 

 

                        Boolean equation           Difference = 𝑨 ⊕ 𝑩 = 𝑨̅B + 𝑩̅A 

                                                                             Borrow = Ᾱ B 

            

Block diagram 

 
 

Logic diagram 
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Full Subtractor 

  

A full subtractor is a combinational circuit that performs the arithmetic 

subtraction of three input bits.  It consists of three inputs and two outputs.  Two of the 

input variables denoted by A and B represent the two significant bits to be subtracted.  

The third input C represents the borrow taken from the next higher significant position.  

The two output are designated as Diff for difference and Br for borrow.  

 

Boolean equation   Difference = A ⊕ 𝑩 ⨁ 𝑪 

                                     Borrow = ᾹB + BC + CᾹ 

 

                 Block diagram 

 
 

 

 
 

  

A 

 

B 

 

Difference 

 

Borrow 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

0 

0 
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A B C Difference Borrow 

0 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

1 

1 

0 

0 

0 

1 

 

Question Bank 

Two Mark Questions 

1. What is number system? 

2. Mention the different types of number. 

3. What is decimal number system? 

4. What is binary number system? 

5. What is an octal number system? 

6. What is hexadecimal number system? 

7. Define thwe terms BIT , BYTE, NIBBLE and WORD. 

8. Explain the radix of a number system. 

9. How a decimal number is converted into a binary number. 

10. Convert the decimal number 33 into a binary number. 

11. How a fractional decimal numberr is converted into a binary number? 

12. Convert 0.45 into a binary number. 

13. How a binary number is converted into a decimal number? 

14. Convert (1010)2 into a decimal number. 

15. How an octal number is converted into a decimal number? 

16. Convert the octal number 132 into a decimal number. 

17. How a decimmal number is converrted into an octal number? 

18. Convert the decimal number 789 into an octal number. 

19. How a fractional decimal number is converted into an octal number? 
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20. Convert the decimal number 0.15 into fractional octal number. 

21. How an ocrtal number is converted into a binary number. 

22. Convert the octal number 14 into a binary number. 

23. How a binary number is converted into an octal number? 

24. Converted the binary number 1010111 into an octal number. 

25. How a hexadecimal number is converted into a decimal number? 

26. How a decimal number is converted into a hexadecimal number? 

27. How a hexadecimal number is converted into a binary number? 

28. How a binary number is converted into a hexadecimal numberr? 

29. What is binary arithmetic? 

30. Add 5 and 8 using binary addition, 111 and 101, 1101 and 100. 

31. Subtract 4 from 9 using binary subtraction, 1011 from 11000, 0101 from 1000. 

32. Multiply 5 and 3 using binary multiplication, 11100 × 101 

33. Divide 6 by 3 using binary division, 1010 by 100. 

34. What is BCD codes? 

35. Decimal numbers 468, 98.5 are converted into BCD codes. 

36. What is 8421 codes? 

37. Convert 29,54 into 8421 codes. 

38. What is the Excess – 3 code? 

39. Convert decimal number 852 into excess – 3 code. 

40. What is gray code? 

41. Convert binary to gray code 1011,1010,1110. 

42. Convert Gray to binary 11110, 10110. 

43. What is ASCII code? 

44. What is logic circuit? 

45. What are the basic gates? 

46. What is an AND gate? 

47. Give the truth table of AND gate. 

48. What is an OR gate? 

49. Give the truth table of OR gate. 

50. What is a NOT gate? 

51. Give the truth table of NOT gate. 

52. What is a NAND gate? 

53. Give the truth table of NAND gate. 

54. What is a NOR gate? 

55. Give the truth table of NOR gate. 

56. What is an EXOR gate? 

57. Give the truth table of EXOR gate. 

58. Why are NAND, NOR gate called as universal gate? 

59. Draw the circuit diagram of logic gates AND, OR, NOT, NAND, NOR. 

60. Draw the circuit diagram of universal logic gatees NAND as AND, OR, NOT,NOR and 

NOR as AND, OR, NOT,NAND. 

61. State Demorgan’s theorem. 
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62. What is half adder? 

63. What is full adder? 

64. What is half subtractor? 

65. What is full subtrractor? 

66. Distinguish between half adder and full adder. 

 

Five and Ten Mark Questions 

1. Explain the number system about decimal, binary, octal and hexadecimal. 

2. Convert the following decimal numbers to binary 67,152,1902,378.05,51.125. 

3. Convert the following binary numbers to decimal 11101, 101011, 100011, 1111001. 

4. Convert the following decimal numbers to hexadecimal nmbers 78,94,2064, 378 

5. Convert the following hexadecimal numbers to binary 99, D89,F6A, 3BC, A02E. 

6. Convert  the following binary numbers to hexadecimal numbers 11101, 1110001, 

1010110, 11.1101,1010.111. 

7. Convert the following octal numbers to decimal 167, 2541, 24.35, 562.43. 

8. Convert the following binary numbers to octal 101100, 101011, 11011,1011, 10011.11. 

9. Perform the following additions in the binary number system. 15+86, 27 + 38, 58 + 97. 

10. Perform the following subtractions in the binary number system. 87 – 26, 95 – 41, 36.7 – 

16.2. 

11. Perform the following multiplications in the binary number system. 8*5, 32*13, 78*25. 

12. Perform the following divisions in the binary number system. 12/3, 45/5, 50/2 

13. Explain the logic gates with its circuit and its truth tables. 

14. Explain the universality of NAND and NOR with its circuit and its truth tables. 

15. State and prove Demorgan’s theorem. 

16. Design and explain the working of a half adder. 

17. Design and explain the working of a half subtractor. 

18. Explain half adder and half subtractor. 

19. Explain full adder with  truth table. 

20. Explain full subtractor with  truth table. 
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