CBSE CLASS XII PHYSICS
Solids and Semiconductors
One mark questions with answers
Q1. Draw a labelled diagram to show the circuit symbols of an N-P-N transistor.
Ans1.

Q2. What kinds of biasing are required to the collector and base of a transistor in a common emitter amplifier?
Ans2. The input circuit i.e base emitter circuit is forward biased and the output circuit i.e collector emitter circuit is reverse biased so the current flows through D2 only.
Q3. What is a solar cell and where is it used?
Ans3. When P-region or N-region of P-N junction diode is made very thin [incident energy is not greatly absorbed] the junction diode is called solar cell. These are used in street lights, satellites etc.
Q4. What can be the cause of sudden increase in the reverse current through junction diode?
Ans4. When the reverse voltage is increased beyond a certain value (Zener voltage or breakdown voltage) then large number of covalent bonds are broken. It results into large electron-hole pairs which diffuse through the junction and hence there is a sharp rise in the reverse current.
Q5. Can we put pure semiconductors to any use?
Ans5. No, because the conductivity of semiconductors is low and variable both.
Q6. Write a relation between ni, ne and nh for pure semiconductor and impure semiconductor where symbols have their usual meaning.
Ans6. nenh = ni2 is valid for both pure and impure semiconductor.
Q7. Is valence band completely filled up in all conductors?
Ans7. No, it is half filled in sodium type and is completely filled up in magnesium and zinc type.
Q8. Write the condition under which forward current flows through the junction diode.
Ans8. e(/kT) > > 1 because the junction diode will be in forward bias and 'k' is the Boltzmann's constant.
Q9. Does P-N junction diode act like a linear device under some condition?
Ans9. Yes, the junction diode behaves like a linear device beyond the knee voltage.
Q10. At high temperature, which semiconductor is preferred out of Si, Ge and Te?
Ans10. Si is preferred because it can tolerate current upto 100 mA.


Two mark questions with answers
Q1. Draw energy band diagram of P-type semi conductor and give brief explanation.
Ans1. The trivalent impurity like indium, aluminium etc. produce energy levels called acceptor energy levels which are discrete, unoccupied and lie very close to the valence band as shown in the figure. The difference in the energies of an electron in the acceptor level and that in the valence band is very small of order of 0.08 eV.
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Q2. Draw energy band diagram of N-type semi conductor and give brief explanation.
Ans2. The pentavalent impurity like P, Sb, As produce energy levels called donor energy levels which lie just below the conduction band as shown in the figure. The difference in the energies of an electron in the donor level and that in the conduction band is very small of order of 0.05 eV. It is to be noted that this energy is comparable to the thermal energy of electron at room temperature (= 0.03 eV).
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Q3. What is knee voltage show with the help of a graph?
Ans3. It is the forward voltage beyond which the current through the junction starts to increase rapidly with linear variation. But below the knee voltage, the characteristic curve is non-linear.
The knee voltage for Si is 0.7V and for Ge is 0.3 V.
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Q4. What is Zener voltage? Is it more than the knee voltage?
Ans4. When P-N junction is in reverse bias and the voltage applied is small then the reverse current flows due to the migration of minority carriers across the junction. When the reverse voltage is increased then there is increase in the reverse current. A stage comes when there is abrupt increase in the reverse current. The corresponding voltage is called Zener voltage.
Knee voltage is the forward voltage beyond which the forward current starts increasing rapidly. Zener voltage is always more than the knee voltage.
Q5. What is tunnel diode? On what principle does it work?
Ans5. Tunnel diode is that diode in which impurity atoms are very large and it has very small barrier width. It is used in high speed switching circuits of computers.
This diode works on the principle of potential barrier penetration.
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Q6. What is light emitting diode? How does it work?
Ans6. It is used in F.B. (energy produced by recombination of electrons and holes). Sometimes it emits coherent light so it is called injection function laser also. These are used in digital displays in watches and calculators and also used as indicator lamps. When charge carriers are injected across the junction of a forward biased P-N junction diode, they combine and release energy in the visible part of the electromagnetic spectrum.
[image: image5.png]CPhoto
F Jdiode

Y
n
Ji





Q7. What do you mean by P-type semiconductor? Draw a necessary diagram to show the creation of hole.
Ans7. P - type : When a small amount of trivalent impurity such as atoms like indium (Z = 49) or Galium (Z = 31), AI (Z = 13) is added to pure semiconductor, then only three of the four covalent bonds are filled and the fourth bond remains unfilled. Hence deficiency of bonding electron creates a hole. These holes behave like positive charge carriers. These holes may accept electrons from neighboring atoms and so are able to move through the crystal structure. Such impurities are called “acceptor”and this type of extrinsic semiconductors are P-Type semiconductors.
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Q8. What do you mean by N-type semiconductor? Draw a necessary diagram to show the creation of free electron.
Ans8. N - type : An impurity with five valence electrons is called. ‘Donor’ such as Antimony (Z =51), and Arsenic (Z =33). These impurity atoms displace some of the pure semiconductor atoms and four of the five valence electrons occupy the covalent bonds and the fifth one remains unbound. These unbound electrons are called free – electrons and serve as carrier of negative charge.
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Three mark questions with answers
Q1. Distinguish between forward bias and reverse bias.
Ans1. 
	FORWARD BIAS
	REVERSE BIAS

	1. Current is due to diffusion of majority carriers
	Current is due to drift of minority carriers

	2. Potential barrier is reduced
	Potential barrier is strengthened

	3. Depletion layer is reduced
	Depletion layer is widened

	4. Resistance of the junction is reduced
	Resistance of the junction is increased

	5. Ideal diode acts as short circuit.
	Ideal diode acts as an open circuit.


Q2. Distinguish between static resistance and dynamic resistance. Is junction diode ohmic in forward bias and reverse bias. Under specific conditions write expression for forward current and reverse current.
Ans2. Static (d.c. resistance) and dynamic resistance (a.c. resistance) of junction diode: Junction diode is a non-ohmic device. Its resistance depends upon the operating current. 
D.C. resistance: It is defined as the ratio of d.c. voltage across the diode to the direct current flowing through it.
Rd.c. or Rs = V/I
A.C. resistance: It is defined as the ratio of a small change in voltage (V) applied across the P-N junction to a small change in current  I through it i.e.
Ra.c or Rd = V/I
Current through the junction diode
I = Io (e(/KT) -1)
Io  reverse saturation current, V  voltage across the diode
'' is the work function, = eV
In forward bias: e(eV/KT) > > 1, then forward current is,
If = Io e(eV/KT)
In reverse bias: e(eV/KT) < < 1, then reverse current is,
Ir = -Io
Q3. What do you mean by the word characteristics of a junction diode? By giving a suitable circuit diagram and the graph explain the forward bias characteristics of a P-N junction diode.
Ans3. The variation of the current with the applied voltage to the junction diode is known as the characteristic of P-N junction diode.
The circuit diagram that shows forward bias characteristics is shown below:
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When the applied voltage is zero, the junction diode does not conduct and the current through the diode is zero. As the voltage (V) across the diode increases, the barrier potential starts decreasing and a small current begins to flow. The forward current increases slowly at first but as soon as the battery voltage becomes greater than the barrier potential (VB), the forward current increases rapidly. The battery voltage at which the forward current starts increasing rapidly is known as knee voltage (Vk) as in the figure below:
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After knee voltage, the V-I graph is a straight line and the junction diode behaves almost like an ohmic conductor.
Practically, current through the diode cannot be increased beyond a certain value.
Q4. What do you mean by the word characteristics of a junction diode? By giving a suitable circuit diagram and the graph explain the reverse bias characteristics.
Ans4. The variation of the current with the applied voltage to the junction diode is known as the characteristic of P-N junction diode.
The circuit diagram that shows reverse bias characteristic is shown below:
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When the junction diode is in reverse bias the majority carriers are repelled away from the junction but the minority carriers flow through the junction and a small current is produced. Very soon the reverse current attains its saturation value and now the reverse current is independent of the reverse voltage. Now the current depends upon the temperature of the diode.
At a certain value of the voltage called Zener voltage there is a sharp increase in the current.
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Q5. Explain the working of P-N junction diode as a full-wave rectifier.
Ans5.
[image: image12.png]3991700 LN

>
=] &S
e 5
M Al





For full wave rectification, we have to use two P-N junctions. During the positive half of the input A.C. the upper P-N junction diode is forward biased and the lower P-N junction diode is reverse biased. The forward current flows on account of majority carriers of upper P-N junction diode.
During the negative half cycle of input of A.C. the upper P-N junction diode is reverse biased, and the lower P-N junction diode is forward biased. The forward current flows on account of majority carriers of lower p-n junction diode.  We observe that during both the halves, current through R flows in the same direction. The input and output waveforms are shown in fig. The output signal voltage is unidirectional having ripple contents, i.e D.C components and A.C components both.
Q6. Explain the working of P-N junction diode as a half-wave rectifier.
Ans6.
[image: image13.png]rectifier

Half wave





[image: image14.png]



During the positive half the S2 end of secondary is negative and S1 positive. Now the diode is in forward bias and the current flows through resistance R shown in upper figure.
During the negative half the S1 end of secondary is negative and S2 positive. Now the junction Diode is in reverse bias and so there is negligible (No current) through resistance R. Hence we get the output as D.C. but half of the input A.C. is rectified.
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Q7. Write a brief note on electrical conduction in intrinsic semi conductors.
Ans7. The electrical conduction in semiconductors is due to the motion of electrons in the conduction band and also by the motion of holes in the valence band.
When an electric field is applied across a semiconductor, the electrons experience a force in a direction opposite to that of the applied electric field. These electrons constitue electronic current. But the holes travel in the direction of the applied electrical field and constitute hole current. It means there are two streams of current inside a semiconductor, namely the electronic current in the conduction band and the hole current in the valence band. The effective current in the semiconductor is the sum of these two streams of current.
The electric current across the intrinsic semiconductor at room temperature is usually very small. It is due to the fact that the number of free electrons is not very large. Hence, electrical conductivity of intrinsic semiconductors is generally small. This is why intrinsic or pure semiconductors are of no use. However, conductivity of an intrinsic semiconductor can be increased by adding some special types of impurities.
Q8. Explain the generation of holes in the intrinsic semiconductors on the basis of band theory of solids
Ans8. There is a very small forbidden band of the order of 1 eV between valence band and conduction band.
At zero Kelvin, there is hardly any free electron which can cross this energy gap and go from valence band to the conduction band.
[image: image17.png]Band energy

Forbidden band

[Conduciontand
T~

electrans|

—Holes

Valence band





As the temperature is increased, some of the electrons gain sufficient energy due to thermal agitation and move from the valence band to the conduction band. These electrons behave as conduction electrons. The vacancy left in the valence band due to excitation of each valence electron (which goes to the conduction band) is called a hole. Hence, number of vacancies in valence band, called holes, is equal to the number of conduction electrons in the conduction band.
A hole is considered as a seat of positive charge equal to that of an electron.
The hole is considered as an active particle in the valence band just as an electron is in the conduction band. The motion of these charge carriers is responsible for the electrical conduction in semiconductors. When an external electric field is applied, the conduction electrons and the holes move in opposite directions and hence both constitute an electric current in the same direction. This current is usually weak in case of intrinsic semiconductors.


Five mark questions with answers
Q1. (a) Distinguish between conductors, insulators and semiconductors according to energy band theory. Draw the necessary diagrams.
(b) Why do we get a small current (in mA) through a P-N junction diode under reverse bias condition? In which direction does this current flow through the junction?
Ans1. (a)
	Conductors
	Insulators
	Semiconductors

	These are those solids in which there is minimum resistance to the motion of electrons.
Two types of conductors are there on the basis of energy bands.
1. Those in which the valence band is not full :- The electrons can move from one state to another within the same band very easily e.g Sodium (monovalent metal) only half of the available states are filled.
Reason: For N sodium atoms, there are N free electrons. As according to the Pauli's principle, there should be 2N electrons to fill the valence band completely therefore in sodium type atoms half the valence band is filled. But in metals like Zn and Mg, there are two free electrons and all the energy levels in the valence bands are completely filled up. There is no forbidden energy gap.
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	Those solids in which the valence band is full there is gap of energy about 6eV to 7eV between the valence band and conduction band. Hence, large energy is required by the electrons to go from valence band to conduction band. The conduction band is empty.
If in outermost shell electronic configuration is like that in inert gases, then the insulator is a typical one.
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	Those solids in which valence band is full the structure of semiconductor is similar to that of insulator, the conduction band is empty. At absolute zero, the conductivity of semiconductor is zero. Energy gap is of the order of 1eV. Strictly it lies between 0.76eV to 1.0eV so small energy is required by the electrons in valence band to shift the conduction band. Hence with the increase in temperature, the conductivity will increase. [image: image21.png]Canduction
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(b) When P-N junction is connected to an external battery such that the positive of the battery is connected to N-type semiconductor and negative of the battery is connected to P-type semiconductor then the junction is said to be in the reverse bias.The current in the reverse bias is very small and it is in micro-amperes. The current in the reverse bias is due to minority carriers i.e. holes in the N-region and electrons in the P-region constitute the current. Since the number of these minority carriers is very small so the current is very small.
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Q2. Draw a labelled circuit diagram of common emitter type transistor (N-P-N or P-N-P) as an amplifier, showing the biasing correctly. Write expressions for various gains of amplifier.
Ans2. The necessary diagram is shown below.
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It is N-P-N transistor in common emitter configuration.
When no input A.C. signal is applied to the Base-Emitter circuit then the output voltage across the collector circuit can be written as
Vc = VCE - IcRL
Vc is the potential difference across C and E
During +ve half of the input A.C. signal, the forward bias increases. It increases input current and so output current also increases. IcRL also increases. Therefore VC increases and it makes collector more negative i.e input signal is amplified but in the opposite phase.
During -ve half of the input A.C. signal, the forward bias decreases. It decreases input current and so output current also decreases. IcRL also decreases. Therefore VC decreases and it makes collector more positive i.e input signal is amplified but in the opposite phase.
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Various gains of amplifier :
i) Resistance gain: It is defined as the ratio of the output resistance to the input resistance. Output resistance is of the order of mega ohm and input resistance is in the range of 1 to 2 K ohms.
ii) d.c. current gain () : It is defined as the ratio of the collector current (Ic) to the base current (Ib) i.e.  = Ic/Ib
iii) a.c. current gain (a.c.) : It is defined as the ratio of the change in collector current (Ic) to the change in base current (Ib) at constant collector voltage i.e. a.c. = Ic/Ib.
iv) Transconductance (gm) : It is defined as the ratio of change in collector current (Ic) to the change in input base-emitter voltage (Vi) i.e. gm = (Ic/Vi). Its unit is siemen or -1.
v) A.C. voltage gain (Ava.c.) : It is defined as the ratio of the change in output voltage (Vc) to the change in input voltage (Vi) i.e. Avac. = a.c. x Resistance gain = a.c. RL/Ri
vi) A.C. power gain : It is defined as the ratio of the change in output power to the change in input power i.e. a.c. power gain
= change in output power/change in input power = current gain x voltage gain
= (Ic / Ib) x (Vc / Vi) = a.c. x Avac.
Q3. Draw a labelled circuit diagram of common base type transistor (N-P-N or P-N-P) as an amplifier, showing the biasing correctly. Write expressions for various gains of amplifier.
Ans. (Try yourself).
Q4. Derive an expression for electrical conductivity of extrinsic semiconductor in terms of number density and mobility of charge carriers.
Ans. (Try yourself).
Q5. Explain with the help of a labelled circuit diagram, the input properties of P-N-P or N-P-N transistor in common base configuration.
Ans. (Try yourself).
Q6. Explain with the help of a labelled circuit diagram, the output characteristics of P-N-P or N-P-N transistor in common base configuration.
Ans. (Try yourself).
Q7. Describe P-N-P or N-P-N transistor as an oscillator using common emitter configuration.
Ans. (Try yourself).
Q8. Discuss the input characteristics of common base configuration of P-N-P transistor.
Ans. (Try yourself).
