MODEL  LESSON NOTE  : SEMICONDUCTORS

	Materials can be catagorised into conductors,semiconductors and insulators by their ability to conduct electricity. 

It is a popular belief that insulators do not conduct electricity because their valence electrons are not free to wander throughout the material. In fact they are free to move around, however, in an insulator there are as many electrons as there are energy levels for them to occupy. If an electron swaps place with another electron no change is made since electrons are indistinguishable. There are higher energy levels, but to promote the electrons to these energy levels requires more energy than is usually practical. 


Metals conduct electricity easily because the energy levels between the conduction and valence band are closely spaced or there are more energy levels available than there are electrons to fill them so very little energy is required to find new energies for electrons to occupy. The resistivity of a material is a measure of how difficult it is for a current to flow. Semiconductors have a resistivity between 10-4< ρ<108 Ohms m although these are rough limits. The band theory of materials explains qualitatively the difference between these types of materials. Electrons occupy energy levels from the lowest energies upwards. However, some energy levels are forbidden because of the wave like properties of atoms in the material. The allowed energy levels tend to form bands. The highest filled level at T=0 K is known as the valence band. Electrons in the valence band do not participate in the conduction process. The first unfilled level above the valence band is known as the conduction band. In metals, there is no forbidden gap; the conduction band and the valence band overlap, allowing free electrons to participate in the conduction process. Insulators have an energy gap that is far greater than the thermal energy of the electron, while semiconductor materials the energy gap is typically around 1eV. The diagram below shows the differences in metals, semiconductors and insulators in terms of the how the energy bands are separated 

Intrinsic Semiconductors are essentially pure semiconductor material. The semiconductor material structure should contain no impurity atoms. Elemental and compound semiconductors can be intrinsic semiconductors. At room temperature, the thermal energy of the atoms may allow a small number of the electrons to participate in the conduction process. Unlike metals, where the resistance of semiconductor material decreases with temperature. For semiconductors, as the temperature increases, the thermal energy of the valence electrons increases, allowing more of them to breach the energy gap into the conduction band. When an electron gains enough energy to escape the electrostatic attraction of its parent atom, it leaves behind a vacancy which may be filled be another electron. The vacancy produced can be thought of as a second carrier of positive charge. It is known as a hole. As electrons flow through the semiconductor, holes flow in the opposite direction. If there are n free electrons in an intrinsic semiconductor, then there must also be n holes. Holes and electrons created in this way are known as intrinsic charge carriers. The carrier concentration or charge density defines the number of charge carriers per unit volume. This relationship can be expressed as n=p where n is the number of electrons and p the number of holes per unit volume. The variation in the energy gap between different semiconductor materials means that the intrinsic carrier concentration at a given temperature also varies. 

An extrinsic semiconductor consists can be formed from an intrinsic semiconductor by added impurity atoms to the crystal in a process known as doping. To take the most simple example, consider Silicon. Since Silicon belongs to group IV of the periodic table, it has four valence electrons. In the crystal form, each atom shares an electron with a neighbouring atom. In this state it is an intrinsic semiconductor. B, Al, In, Ga all have three electrons in the valence band. When a small proportion of these atoms, (less than 1 in 10 6 ), is incorporated into the crystal the dopant atom has an insufficient number of bonds to share bonds with the surrounding Silicon atoms. One of the Silicon atoms has a vacancy for an electron. It creates an a hole that contributes to the conduction process at all temperatures. Dopents that create holes in this manner are known as acceptors. This type of extrinsic semiconductor is known as p-type as it create positive charge carriers. Elements that belong to group V of the periodic table such as As, P, Sb have an extra electron in the valence band. When added as a dopant to intrinsic Silicon, the dopant atom contributes an additional electron to the crystal. Dopants that add electrons to the crystal are known as donors and the semiconductor material is said to be n-type.
BRIEF NOTE ON PREPERATORY MATERIAL: MAGNETIC EFFECT OF ELECTRIC CURRENT
Oersted’s Experiment:

When current was allowed to flow through a wire  placed parallel to the axis of a magnetic needle kept directly below the wire, the needle was found to deflect from its normal position.
Biot – Savart’s Law:

The strength of magnetic field  dB due to a small current element dl carrying a current I at a point P distant r from the element is directly proportional to I, dl, sin θ and inversely proportional to the square of the distance (r2) where θ is the angle between dl and r. 

dB = μ0I dl sin θ/4π r2
Magnetic Field due to a Circular Loop carrying current:

(i) At a point on the axial line:

                     B =  μ0 I a2 /2(a2 + x2)3/2
(ii) B at the centre of the loop:
         B = μ0 I/ 2a

Cyclotron:

 V = Bq r/ m

 t = π  r/v
T  = 2π m/Bq

    f= Bq /2π m

Maximum Energy of the Particle:
KEmax   = B2 q2 r2/ 2m

NOTE:  Cyclotron can not be used for accelerating neutral particles.  Electrons can not be accelerated because they gain speed very quickly due to their lighter mass and go out of phase with alternating e.m.f. and get lost within the dees.              

Ampere’s Circuital Law:

The line integral     B . dl for a closed curve is equal to μ0 times the net current I threading through the area bounded by the curve.
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Magnetic Field at the centre of a Straight Solenoid:

             B = μ0 n  I

Magnetic Field due to Toroidal Solenoid (Toroid):
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μ0 I0 = μ0 n (2π r) I

B = μ0 n  I

Lorentz Magnetic Force:

Fm = (q v B sin θ)
Fleming’s Left Hand Rule:

If the central finger, fore finger and thumb of left hand are stretched mutually perpendicular to each other and the central finger points to current, fore finger points to magnetic field, then thumb points in the direction of motion (force) on the current carrying conductor

Force on a moving charge in uniform Electric and Magnetic Fields:

F = q (E + v x B)

Force on a current-carrying conductor in a uniform  Magnetic Field:
F = I (l x B)
Forces between two parallel infinitely long current-carrying conductors:

F / l  = μ0  I1 I2 /2π r
Definition of Ampere:

One ampere is that current which, if passed in each of two parallel conductors of infinite length and placed 1 m apart in vacuum causes each conductor to experience a force of 2 x 10-7 Newton per metre of length of the conductor.

 Torque experienced by a Current Loop (Rectangular) in a uniform Magnetic Field:

   τ = N I A B sin Φ
ז  = N  (M x  B)

Moving Coil Galvanometer

Torque experienced by the coil is         

   τ = N I A B sin Φ
Restoring torque in the coil is

 τ = k α          (where k is restoring torque per unit angular twist, α is the angular twist in the wire)
At equilibrium,

N I A B sin Φ = k α
I = k α/ N A B sin Φ
The factor sin Φ can be eliminated by choosing Radial Magnetic Field. 

I = k α/ N A B
Current Sensitivity of Galvanometer:

It is the defection of galvanometer per unit current.
α/ I = N A B/k

Voltage Sensitivity of Galvanometer:

It is the defection of galvanometer per unit voltage.

α/v = N A B/kR

Conversion of Galvanometer to Ammeter:
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Conversion of Galvanometer to Voltmeter
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Current Loop as a Magnetic Dipole & Dipole Moment
M = I A  n

Magnetic Intensity or Magnetising force (H):

i) H = B / μ

Magnetic Field Strength or Magnetic Field or Magnetic Induction or Magnetic Flux Density (B):

i) B = μ H
Magnetic Permeability (μ):

Its SI unit is T m A-1  or    wb A-1 m-1   or   H m-1

Relative Magnetic Permeability (μr):

μr = B / B0

μr = μ / μ0 

Intensity of Magnetisation: (I):

i) I = M / V       

Magnetic Susceptibility (cm ):

χ  = I / H  
Relation between Magnetic Permeability (μr) & Susceptibility (cm ):

μr = 1 + cm 

Torque on a Magnetic Dipole (Bar Magnet) in Uniform Magnetic Field:

T=M x B

Potential Energy = - M B cos θ
Declination (θ):

The angle between the magnetic meridian and the geographic meridian at a place is Declination at that place.

It varies from place to place.

Dip or Inclination (δ):

The angle between the horizontal component of earth’s magnetic field and the earth’s resultant magnetic field at a place is Dip or Inclination at that place.

It is zero at the equator and 90° at the poles

Horizontal Component of Earth’s Magnetic Field (BH ):

B = √ BH2 + BV2

Comparison of Dia, Para and Ferro Magnetic materials: 
	DIA
	PARA
	FERRO

	1.  Diamagnetic substances are those substances which are feebly repelled by a magnet.

Eg. Antimony, Bismuth, Copper, Gold, Silver, Quartz, Mercury, Alcohol, water, Hydrogen, Air, Argon, etc.
	Paramagnetic substances are those substances which are feebly attracted by a magnet.

Eg. Aluminium, Chromium, Alkali and Alkaline earth metals, Platinum, Oxygen, etc.
	Ferromagnetic substances are those substances which are strongly attracted by a magnet.

Eg. Iron, Cobalt, Nickel, Gadolinium, Dysprosium, etc.

	2. When placed in magnetic field, the lines of force tend to avoid the substance.

                                                       
	The lines of force prefer to pass through the substance rather than air.
	The lines of force tend to crowd into the specimen.

	3.  Intensity of Magnetisation (I) has a small – ve value.
	Intensity of Magnetisation (I) has a small + ve value.
	Intensity of Magnetisation (I) has a large + ve value.

	4.  Magnetic permeability μ is always less than unity.
	Magnetic permeability μ is more than unity.
	Magnetic permeability μ is large i.e. much more than unity.

	5.  Magnetic susceptibility cm has a small – ve value.
	Magnetic susceptibility cm has a small + ve value.
	Magnetic susceptibility cm has a large + ve value.

	6. They do not obey Curie’s Law. 
	They obey Curie’s Law. They lose their magnetic properties with rise in temperature.
	They obey Curie’s Law. At a certain temperature called Curie Point, they lose ferromagnetic properties and behave like paramagnetic substances.


Curie’s Law:

Magnetic susceptibility of a material varies inversely with the absolute temperature.

    I α H / T    or    I / H α 1 / T 

      cm  α 1 / T

      cm  = C / T            (where C is Curie constant)

The residual magnetism (I) set up in the material represented by OB is called Retentivity.

To bring I to zero (to demagnetise completely), opposite (negative) magnetising force is applied.  This magetising force represented by OC is called coercivity.

      ==================                  THE END======================
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