SemiconSemiconductor, Diode & its Application

1 Mark Questions

1.The graph shown in the figure represents a plot of current versus voltage for a given
semiconductor. Identify the region, if any over which the semiconductor has a negative
resistance. [All India 2013]
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Ans.Resistance of a material can be found out by the slope of the curve V versus I. Part BC of
the curve shows the negative resistance as with the increase in current and decrease in

voltage.

2.What happens to the width of depletion layer of a p-n junction when it is



(i)forward biased?

(ii)reverse biased? [All India 2011]

Ans. (i) Width of depletion layer's decreases in forward bias
(if) Width depletion layer increases in reverse bias.

3.Why cannot we take one slab of p-type semiconductor and physically join it to another slab
of n-type semiconductor to get p-n junction?
Dy
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Ans.In this way, continuous contact cannot be produced at atomic level and junction will
behave as a discontinuity for the flowing charge carrier.

4.What is the most common use of photo diode? [All India 2009]
Ans.The photodiode can be used as a photodetector to detect optical signals

5.State the relation between the frequency v of radiation emitted by LED and the band gap
energy E, of the semiconductor used to fabricate it.[All India 2009 C]

Ans.Zener diode, which is used as a DC voltage regulator.

6.Figure show the I-V characteristics of a given device. Name the device and write where it is

used.
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Ans.

In LED, energy of the photon should be
equal to or less than the band gap energy
i.e.
hv<E,
where, £, = band gap energy,
v = frequency of emitted photon.

7.State the reason, why GaAs is most commonly used in making of a solar cell. [All India
2008]

Ans solar radiation is nearly 1.5 eV. In order to have photo excitation, the energy of radiation
(hv) must be greater than energy band gap (Eg). Therefore, the semiconductor with energy
band gap about 1.5 eV or lower than it and with higher absorption coefficient is likely to give
better solar conversion efficiency. The energy band gap for Siis about 1.7 eV, while for GaAs, it
is about 1.53 eV. The GaAs is better inspite of its higher band gap than Si because it absorbs
relatively more energy from the incident solar radiations being of relatively higher absorption
coefficient.

8.At what temperature would an intrinsic semiconductor behave like a perfect insulator?
[Delhi 2008 C]
Ans.At O° K temperature, an intrinsic semiconductor behaves like a perfect insulator



9.Why should a photo diode be operated at reverse bias?[All India 2008]

Ans.The photodiodes are used to detect the optical signals. The fraction change in minority
carrier in case of reverse biased diode is easily measurable than that of forward biased. That is
why photodiode is operated at reverse bias.

2 Marks Questions

10.Explain, with the help of a circuit diagram, the working of a p-n junction diode as a half-
wave rectifier. [ah India 2014]

Ans.p-n Junction Diode as a Half-Wave Rectifier AC voltage to be rectified is connected to the
primary coil of a step-down transformer. Secondary coil is connected to the diode through
resistors R}, across which output is obtained.

Transformer A ¥

” Secondary R

B ¥

Working During positive half cycle of the input AC, the p-n junction is forward biased. Thus, the
resistance in p-n junction becomes low and current flows. Hence, we get output in the load.
During negative half cycle of the input AC, the p-n junction is reverse biased. Thus, the
resistance of p-n junction is high and current does not flow. Hence, no output in the load. So,
for complete cycle of AC, current flows through the load resistance in the same direction.
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Input and output waveforms

11.Draw energy band diagram of n-type and p-type semiconductor at temperature T > OK.
Mark the donar and acceptor energy level with their energies. [Foreign 2014]
Ans.



The required energy band diagram is
shown below:

Conduction Band

Acceptar enargy level

0——-—0—0—0—"—’0—0—0
: — — 10.04 eV

(a) p-type

Conduction Band

10.045 eV

\

Donor energy level

 Valence Band

(b) n-type

12.Distinguish between a metal and an insulator on the basis of energy band diagram.
[Foreign 2014]

Ans (i) Metal For metals, the valence band is completely filled and the conduction band can
have two possibilities either it is partially filled with an extremely small energy gap between the
valence and conduction bands or it is empty, with two bands overlapping each other as shown
below:

Conduction Band Conduction Band

(ii) On applying an small even electric field, metals can conduct electricity.
(i) Insulators : for insulator, the energy gap between the conduction and valence bands are
very large, also the conduction band is practically empty, as shown below:

Conduction Band

(i) When an electric field is applied across such a solid, the electrons find it difficult to acquire.
So, a large amount of energy is required to reach the conduction band.Thus, the conduction
band continues to be empty. That is why no current flows through insulators.

13. Assuming that the two diodes D, and
D, used in the electric circuit shown
in the figure are ideal, find out the
value of the current flowing through
1Q resistor.
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Ans.



According to the question
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14.Explain the term ‘drift velocity’ of electrons in conductor. Hence, obtain an expression for
the current through a conductor in terms of ‘drift velocity’.[All India 2013]
Ans.'Drift velocity’ of electrons in a conductor
Metals contain a large number of free electrons. These electrons are in continuous random
motion. Due to the random motion, the free electrons collide with positive metal ions with high
frequency and undergo change in direction at each collision. So, the average velocity for the
electrons in a conductor is zero.Now, when this conductor is connected to a source of emf, an
electric field is established in the conductor, such that E = V/L
where, V = potential difference across the conductor and L = length of the conductor. The
electric field exerts an electrostatic force -Ee on each free electron in the conductor. The
acceleration of each electron is given by
ek

m

a=

where, e = electric charge on electron and m = mass of electron.
The average velocity of all the free electrons in the conductor is called the drift velocity of free
electrons of the conductor.

where, T = relaxation time between two
successive collisions.

Thus, the expression for the drift velocity is

electric field.
Y (i
L
Let n = number density of electrons in the
ronductor.
Number of free electrons in the conductor =
nAL

Total charge on the conductor, g = nAle
Time taken by this charge to cover the length
L of the conductor, t =L/ v,
Current, [ = 7 = U_ff;__t_g X Vy

{



Using Eqgs. (i) and (ii), we get that

I =nAe x [—-EEI) =nAe X(— ﬁ— TJ
m mL

a

2
!=[E(ﬂ"[]v (1)
mil

15.Mention the important considerations required while fabricating a p-n junction diode to be
used as a Light Emitting Diode (LED). What should be the order of band gap of an LED, if it is
required to emit light in the visible range?  [Delhi 2013]

Ans.

For LEDs, the threshold voltages are much
higher and slightly different for different
colours. The reverse breakdown voltages of
LEDs are low generally around 5V. It is due
to this reason, the care is taken that high
reverse voltages do not appear across LEDs.
There is very little resistance to limit the
current in LED. Therefore, a resistor must be
used in series with the LED to avoid any
damage to it. (1)

The semiconductor used for fabrication of
visible LEDs must at least have a band gap of
1.8eV (spectral range of visible light is from
about 0.4 pm to 0.7 pm i.e. from about 3 eV
to 1.8 eV). (1)

16.Write two characteristics features to distinguish between n-type and p-type
semiconductors. [All India 2012]
Ans.

(i) Inn-type semiconductar, the
semiconductor is doped with pentavalent
impurity. In it the electrons are majority
carriers and holes are minority carriers or
n,. >>n, (n.=number density of electrons,
n,= number density of holes). In energy
band diagram of n-type semiconductor,
the donor energy level Fj is slightly below
the bottom of £- conduction band and
thus, the electron can move to conduction
band, even with small supply of energy.
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(ify In p-type semiconductor, the semiconductor

is doped with trivalent impurity. In this
semiconductor, the holes are the majority
carriers and electrons are the minority
carriers i.e. ny, >>n,.
In energy-band diagram of p-type, the
acceptor energy level is slightly above the
top of valence band E,. Thus, even with
small supply of energy electron from
valence band can jump to level, E, and
ionize the acceptor, negatively.
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17.Give two advantages of LED's over the conventional incandescent lamps.[Foreign 2012]
Ans.When we apply sufficient voltage to LED, electron move across the junction into p-region
and get attracted to the holes there. Thus, electrons and holes recombine. During each
recombination, the electric potential energy is converted into the electromagnetic energy and a
photon of light with a characteristic frequency is emitted, this is how, LED works.

Advantages of LEDs over incandescent lamps

(i) Since, LEDs do not have a filament that can burn out, hence, they last longer.

They do not get hot during use.

() Since, LEDs do not have a filament that
can burn out, hence, they last longer.

(ii) They do not get hot during use.

(1)

18. The current in the forward bias is
known to be more (~ mA) than the
current in the reverse bias (~pA).
What is the reason, to operate the
photodiode in reverse bias? [Delhi 2012]

Ans.When photo diode is illuminated with light due to breaking of covalent bonds, equal
number of additional electrons and holes comes into existence whereas fractional change in
minority charge carrier is much higher than fractional change in majority charge carrier. Since,
the fractional change of minority carrier current is measurable significantly in reverse bias than
that of forward bias. Therefore, photo diode are connected in reverse bias.

19.Name the semiconductor device that can be used to regulate an unregulated DC power
supply. With the help of 7-V characteristics of this device, explain its working principle.[Delhi
2011]

Ans. Zener diode is used as voltage regulator.



Principle Zener diode is operated in the reverse breakdown region. The voltage across it
remains constant, equal to the breakdown voltage for large charge in reverse current

mA,
Reverse Forward
\ bias / oas
i volt ——
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pA

Characteristic of a Zener diode ,

20.How is forward biasing different from reverse biasing in a p-n junction diode? [Delhi 2011]
Ans Differences between forward and reverse biases are given below:

Forward bias Reverse blas

Positive terminal of battery PDSI tive termmal uf
is connected to p-type and  battery connected to
negative terminal ton-type  n-type and negative
semiconductor. terminal to p-type
semiconductor.

Depletion layer is very thin.  Depletion Iayer is thlck
p-n junction offers very low  p-n junction offers ver)f

resistance. high resistance.
An ideal diode have zero An ideal diode have
resistance. infinite resistance.

21.Explain, how a depletion region is formed in a junction diode?[Delhi 2011]

Ans. With the formation of p-n junction, the holes from p-region diffuse into the n-region and
electrons from n-region diffuse into p-region and electron-hole pair combine and get
annihilated.

This input produces potential barrier, Vg across in junction which opposes the further diffusion
through the junction. Thus, small region forms in the vicinity of the junction which is depleted
of free charge carrier and has only immotile ions is called the depletion region.

22.Draw the circuit diagram showing how a p-n junction diode is

(i)forward biased

(ii)reverse biased.

How is the width of depletion layer affected in the two cases?[All India 2011 C]

Ans. CerU|t d|agram of forward biased and reverse biased p-n junction diode is shown
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The width of depletion layer (i) decreases in forward bias.
(i) increases in reverse bias.

23.Carbon and silicon both have four valence electrons each, then how are they
distinguished? [Delhi 2011 ]



Ans.The four valence electrons of carbon are present in second orbit while that of silicon in
third orbit. So, energy required to extricate an electron from silicon is much smaller than
carbon.

Therefore, the number of free electrons for conduction in silicon is significant on contrary of
carbon. This makes silicon conductivity much higher than carbon. This is the main
distinguishable property.

24. Name the device, D which is used
as a voltage regulator in the given
circuit and give its symbol.

+ ——AVMWWA
R
Fluctuating Constant
voltage GD D voltage
[Delhi 2011C]

Ans.
Device, D is a Zener diode.
Symbol of Zener diode
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25.Draw the circuit diagram of an illuminated photo diode in reverse bias. How is photo
diode used to measure light intensity? [Delhi 2010]26.Write the main use of the
(i)photo diode

(ii)Zener diode. [All India 2010 c]

Ans.Circuit diagram of illuminated photo diode in reverse bias is shown below:
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Reverse bias currents through
a photodiode



Hence, frequency of light v such that
hv> E,, where E is band gap of increasing
intensity I, 5, I, etc. The value of reverse
saturation current increases with the
increase of intensity of light.

Thus, the measurement of charge in the
reverse saturation current can give the
intensity of incident light. (1)

26.Write the main use of the (i) photo diode (ii) Zener diode [All India 2010 c]
Ans.Main use of photo diode In demodulation of optical signal and detection of optical signal.
Main use of Zener diode As DC voltage regulator.

27. Distinguish between an intrinsic
semiconductor and p-type
semiconductor. Give reason, why
a p-type semiconductor crystal is
electrically neutral, although
n, >>n,? [Delhi 2008C]

Ans.Differences between intrinsic and p-type semiconductors are given below:

Intrinsic . :
semiconductor P type semiconductor

Pure semiconductor  Impure semiconductor of

of tetravalent tetravalent crystal doped
crystal. with trivalent impurity.
n, =n;, N, <ny

Conductivity Conductivity depends on
depends on temperature as well as
temperature. dopant concentration,

In p-type semiconductor, trivalent impurity is doped with tetravalent pure semiconductor. Both
type of atom (impurity and host semiconductor) are electrically neutral and hence, so
produced p-type semiconductor is electrically neutral

28.Draw a circuit diagram showing the biasing of an LED. State the factor which controls
(iywavelength of light.

(ii) intensity of light emitted by the diode. [Foreign 2008]

Ans.Circuit diagram of a forward biased LED is shown below:

Metallised
contact

A forward biased LED (1)
(i) Wavelength of light is controlled by band
gap (E,) of semiconductor material.

(i) Intensity of light emitted by the diode
depends on concentration of impurity in
junction diode. 1)



29.How is that the reverse current in a Zener diode starts increasing suddenly at a relatively

low breakdowns voltage of 5V or so?[All India 2008 C]

Ans.
In Zener diode, the depletion layer width is
very small (< 10~7 m) and hence even a very
small breakdown voltage of 5 V, set up a
high electric field 5x10” V/m which
facilitating of breaking of covalent band and
liberation of electrons drifted towards n-type
semiconductor. It produces large reverse
current. (2)

30.Draw the (i) symbol and (ii) the reverse I-V characteristics of a Zener diode. Explain
briefly, which property of the characteristics enables us to use Zener diode as voltage
regulator. [All India 2008 C]

Ans. Zener diode is used as voltage regulator.

Principle Zener diode is operated in the reverse breakdown region. The voltage across it
remains constant, equal to the breakdown voltage for large charge in reverse current
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Characteristic of a Zener diode ,

Device, D is a Zener diode.
Symbol of Zener diode

. L .
L

3 Marks Questions

31.Write any two distinguishing features between conductors, semiconductors and
insulators on the basis of energy band diagrams. [All India 2014]32.Draw the circuit diagram
of a full-wave rectifier using p-n junction diode. Explain its working and show the output input
waveforms. [Delhi 2012]

Ans.



Differences between conductor, insulator and semiconductor on the basis of energy

bands are given below:

Insulator

Semiconductor

Sunguctee )}

In conductor, either there is no energy
gap between the conduction band
which is partially filled with electrons
and valence band or the conduction
band and valence band overlap each
other.

fermi level can shift to higher energy
levels above the fermi level in the
conduction band and behave as free
electrons by acquiring a little more
energy from any other sources.

In insulator, the valence band is
completely filled, the conduction
band is completely empty and
energy gap is quite large that
small energy from any other
source cannot overcome it.

Thus, electrons are bound to
valence band and are not free
to move and hence, electric
conduction is not possible in
this type of material,

k; =3eV

\alance

In semiconductor also, like insulators
the valence band is totally filled and
the conduction band is empty but
the energy gap between conduction
band and valence band, unlike

Thus, at room temperature, some
electrons in the valence band
acquire thermal energy greater
than energy band gap and jump
over to the conduction band where
they are free to move under the
influence of even a small electric
field and acquire small

conductivity.
& L I3
5 Eg = Jav|
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32.Draw the circuit diagram of a full-wave rectifier using p-n junction diode. Explain its
working and show the output input wave forms. [Delhi 2012]

Ans.

(:? In these type of questlons. we havetqoﬁindi
* that in fullwave rectifier, full cycle of the |
input will be used. E

The circuit diagram of full-wave rectifier is
shown below: _
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The input and output waveforms have been

given below:
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Its working based on the principle that
junction diode offer very low resistance in
forward bias and very high resistance in
reverse bias. (1)

33.Draw V-l characteristics of a p-n junction diode. Answer the following questions, giving
reasons.
(i)Why is the current under reverse bias almost independent of the applied potential up to a
critical voltage?
(ii)Why does the reverse current show a sudden increase at the critical voltage?
Name any semiconductor device which operates under the reverse bias in the breakdown
region.
[All India 2012]
Ans.
V-I characteristic of p-n junction diode
I {mA)
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(i\Under the reverse bias condition, the holes of p-side are attracted towards the negative
terminal of the battery and the electrons of the n-side are attracted towards the positive
terminal of the battery. This increases the depletion layer and the potential barrier. However,
the minority charge carriers are drifted across the junction producing a small current.

At any temperature, the number of minority carriers is constant, so there is the small current
at any applied potential. This is the reason for the current under reverse bias to be
almost'independent of applied potential. At the critical voltage, avalanche breakdown takes
place which results in a sudden flow of large current.

(ii) At the critical voltage, the holes in the n-side and conduction electrons in the p-side are
accelerated due to the reverse bias voltage. These minority carriers acquire sufficient kinetic
energy from the electric field and collide with a valence electron.

Thus, the bond is finally broken and the valence electrons move into the conduction band
resulting in enormous flow of electrons and thus, formation of hole-electron pairs. Thus, there
is a sudden increase in the current at the critical voltage.



Zener diode is a semiconductor device which operates under the reverse bias in the
breakdown region.

34.Draw a labelled diagram of a full -wave rectifier circuit. State its working principle. Show
the input-output wave forms.[All India 2011]
Ans.

() Inthese type of questions, we have to mind E
* that in fullwave rectifier, full cycle of the
input will be used.

The circuit diagram of full-wave rectifier is
shown below:
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Its working based on the principle that
junction diode offer very low resistance in
forward bias and very high resistance in
reverse bias. (1)

35.Name the important processes that occurs during the formation of a p-n junction.Explain
briefly, with the help of asuitable diagram, how a p-n junction is formed.Define the term
‘barrier potential'?[Foreign 2011]

Ans.
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During formation of p-n junction, diffusion of charge takes place. As, soon as p-type
semiconductor is joined with n-type semiconductor, diffusion of free charges across the
junction starts.

For explanation of formation p-n junction

With the formation of p-n junction, the holes from p-region diffuse into the n-region and
electrons from n-region diffuse into p-region and electron-hole pair combine and get
annihilated.

This input produces potential barrier, Vg across in junction which opposes the further diffusion
through the junction. Thus, small region forms in the vicinity of the junction which is depleted
of free charge carrier and has only immotile ions is called the depletion region.

Potential barrier The potential distribution near the p-n junction is known as potential barrier

36.(i) Why is a photo diode operated in reverse bias mode?

(ii)For what purpose is a photo diode used?

(iii)Draw its I-V characteristics for different intensities of illumination. [HOTS; All India 2011
cl

Ans.

Q In these type of questions, we should mind
* that the diode is connecte ' reverse biased
or forward biased.

(i) Photo diode is connected in reverse bias and feeble reverse current flows due to thermally
generated electron-hole pair, known as dark current. When light of

suitable frequency (v) such that hv > E_,

where £ is band gap is incident on diode,

additional electron-hole pair generated
and current grows in the circuit.(1)

(iMain use of photo diode In demodulation of optical signal and detection of optical signal.
(iii)Circuit diagram of illuminated photo diode in reverse bias is shown below:
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A reverse biased photodiode
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Reverse bias

Iy =Il3==1 -’(I-'A}
Reverse bias currents through
a photodiode

Hence, frequency of light v such that
hv>E,, where E is band gap of increasing
intensity 1, I,, I;, etc. The value of reverse
saturation current increases with the
increase of intensity of light.

Thus, the measurement of charge in the
reverse saturation current can give the
intensity of incident light. (1)

37.())Why are Si and GaAs preferred materials for solar cells?

(ii)Describe briefly with the help of a necessary circuit diagram, the working principle of a
solar cell.[All India 2011 C]

Ans. (i) solar radiation is nearly 1.5 eV. In order to have photo excitation, the energy of
radiation (hv) must be greater than energy band gap (Ey). Therefore, the semiconductor with
energy band gap about 1.5 eV or lower than it and with higher absorption coefficient is likely to
give better solar conversion efficiency. The energy band gap for Siis about 1.1 eV, while for
GaAs, itis about 1.53 eV. The GaAs is better inspite of its higher band gap than Si because it
absorbs relatively more energy from the incident solar radiations being of relatively higher

absorption coefficient.

(i) When light of frequency, v such that
hv > Eg (band gap) is incident on junction,
then electron-hole pair liberated in the
depletion region drifts under the influence
of potential barrier. The gathering of these
charge carriers make p-type as positive
electrode and n-type as negative electrode
and hence, generating photo-voltage
across solar cell.
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38.(i) Describe the working of Light Emitting Diodes (LEDs).

(ii)Which semiconductors are preferred to make LEDs and why?

(iii)Give two advantages of using LEDs over conventional incandescent low power lamps.[All
India 2011]

Ans. (i) Working of LED LED is a forward biased p-n junction which converts electrical energy



into optical energy of infrared and visible light region.

Being in forward bias, thin depletion layer and low potential barrier facilitate diffusion of
electron and hole through the junction when high energy electron of conduction band
combines with the low energy holes in valence band, then energy is released in the form of
photon, may be seen in the form of light.

(i) Semiconductors with appropriate band gap (Eg) close to 1.5 eV are preferred to make LED
size GaAs, CdTe, etc.the other reasons to select these materials e high optical absorption,
availability of raw material and low cost

(iii) Uses of LEDs (a) LED can operate at very low voltage and consumes less power in
comparison to incandescent lamps

(b) Unlike the lamps, they take very less operational time and have long life.

39.With the help of a suitable diagram, explain the formation of depletion region in a p-n
junction. How does its width change when the junction is

(iYforward biased and

(ii)reverse biased? [All India 2009]

Ans. With the formation of p-n junction, the holes from p-region diffuse into the n-region and
electrons from n-region diffuse into p-region and electron-hole pair combine and get
annihilated.

This input produces potential barrier, Vg across in junction which opposes the further diffusion
through the junction. Thus, small region forms in the vicinity of the junction which is depleted
of free charge carrier and has only immotile ions is called the depletion region.

Circuit diagram of forward biased and reverse biased p-n junction diode is shown
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The width of depletion layer (i) decreases in forward bias.

(ii) increases in reverse bias.

40.(i) With the help of circuit diagrams, distinguish between forward biasing and reverse
biasing of p-n junction diode.

(ii)Draw V-I characteristics of a p-n junction diode in

(a)forward bias.

(b)reverse bias. [AH India 2009]

Ans (i)Circuit diagram of forward biased and reverse biased p-n junction diode is shown
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The width of depletion layer (a) decreases in forward bias.
(b) increases in reverse bias.
(ii)(a)Differences between forward and reverse biases are given below:



Forward bias Reverse hlas

Positive terminal of battery  Positive terrnmal uf
is connected to p-type and  battery connected to
negative terminal ton-type  n-type and negative
semiconductor. terminal to p-type
semiconductor.

Depletion layer is very thin. ___Dep'etmn 'aver is th'ck:___
p-n junction offers very low  p-n junction offers very

resistance. high resistance.
An ideal diode have zero An ideal diode ha\re
resistance. infinite resistance.
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Reverse bias characteristic curve

(1)
At the critical voltage, the holes in the n-side and conduction electrons in the p-side are
accelerated due to the reverse bias voltage. These minority carriers acquire sufficient kinetic
energy from the electric field and collide with a valence electron.
Thus, the bond is finally broken and the valence electrons move into the conduction band
resulting in enormous flow of electrons and thus, formation of hole-electron pairs. Thus, there
is a sudden increase in the current at the critical voltage.
Zener diode is a semiconductor device which operates under the reverse bias in the
breakdown region.

41.Explain with the help of a circuit diagram how a Zener diode works as a DC voltage
regulator? Draw its |-V characteristic s.[All India 2009]

Ans. Zener diode is used as voltage regulator.

Principle Zener diode is operated in the reverse breakdown region. The voltage across it
remains constant, equal to the breakdown voltage for large charge in reverse current
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42.How is a Zener diode fabricated so as to make it a special purpose semiconductor diode?
Draw the circuit diagram of a Zener diode as a voltage regulator and explain its working. [All
India 2009 C]

Ans.Zener diode fabrication Zener diode is made by heavily doping of both p and n-type
semiconductors and hence, the width of depletion layer becomes thin which lead to produce
large electric field to increase the current even on applying reverse voltage of 4 or 5V.

(iYZener diode is used as voltage regulator.

Principle Zener diode is operated in the reverse breakdown region. The voltage across it
remains constant, equal to the breakdown voltage for large charge in reverse current
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Characteristic of a Zener diode ,

(ii) From the figure, it is clear that the device, X is a full-wave rectifier. Circuit diagram as
shown in figure below:

+ Ry 1y
oA o
Y Iz I
Unregulated R Regulated
voltage L voltage (Vo)
o O

- (1)

Zener diode connected with unregulated DC voltage in reverse bias. When the input voltage
increases, then current through R, increase and hence, voltage drop across R, increases while
voltage across the Zener diode remains constant. The voltage across Zener diode remains
constant beyond Zener voltage and hence, same/constant regulated voltage is obtained
across R;.
(iif) In n-type semiconductor,
Ng >Ny ()]
On incidence of light of suitable

frequency, there is equal rise in number
of electrons and holes [i.e. An (say)]

1
= —— 0O —— < —
nr_, ny n

where, An = change in electron or hole
charge carrier.

Thus, fractional change in minority charge carrier (hole) is much higher than fraction change in



majority charge carrier (electron). Also, minority charge carrier contribute in drift current in
reverse bias.

Thus, with incidence of light, fractional change in minority charge carrier is significant.
Therefore, photo diode should be connected in reverse bias for measuring light intensity.

43.The figure below, shows the V-l characteristics of a semiconductor diode.
I

I

(i)ldentify the semiconductor diode used.

(i) Draw the circuit diagram to obtain the given characteristic of this device.

(iiii) Briefly explain, how this diode can be used as a voltage regulator.[Delhi 2008]
Ans.(i) Zener diode

(ii) From the figure, it is clear that the device, X is a full-wave rectifier. Circuit diagram as
shown in figure below:

+ Ry I
o—WWWAW o
[ iz [
Unregulated Regulated
voltage L voltage (Vo)
o O

- 1)

Zener diode connected with unregulated DC voltage in reverse bias. When the input voltage
increases, then current through R, increase and hence, voltage drop across R, increases while
voltage across the Zener diode remains constant. The voltage across Zener diode remains
constant beyond Zener voltage and hence, same/constant regulated voltage is obtained
across R;.

(i) Zener diode is used as voltage regulator.

Principle Zener diode is operated in the reverse breakdown region. The voltage across it
remains constant, equal to the breakdown voltage for large charge in reverse current

mA
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\ bias __/
i volt ——
]
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Characteristic of a Zener diode ,

5Marks Questions

44 (i)State briefly the processes involved in the formation of p-n junction, explaining clearly
how the



depletion region is formed.

(ii)Using the necessary circuit diagrams, show how the V-l characteristics of a p-n junction
are obtained in (a) forward biasing (b) reverse biasing How are these characteristics made
use of in rectification? [Delhi 2014]

Ans (i) p-n Junction A p-n junction is an arrangement made by a close contact of n-type
semiconductor and p-type semiconductor. There are various methods of forming p-n junction
diode. In one method, an n-type germanium crystal is cut into thin slices called wafers. An
aluminium film is laid on an n-type wafer which is then heated in an oven at a temperature of
about 600°C. Aluminium then diffuses into the surface of wafer. In this way, a p-type
semiconductor is formed on n-type semiconductor.

Formation of Depletion Region in p-n Junction In an n-type semiconductor, the concentration
of electrons is more than concentration of holes. Similarly, in a p-type semiconductor, the
concentration of holes is more than that of concentration of electrons. During formation of p-n
junction and due to the concentration gradient across p and n-sides, holes diffuse from p-side

to n-side ( p—> n) and electrons diffuse from n-side to p-side (n —> p).
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The diffused charge carriers combine with their counterparts in the immediate vicinity of the
junction and neutralise each other, (I) Thus, near the junction, positive charge is built on n-side
and negative charge on p-side This sets up potential difference across the junction and an
internal electric field Ej directed from n-side to p-side. The equilibrium is established when the
field £, becomes strong enough to stop further diffusion of the majority charge carriers
(however, it helps the minority charge carriers to diffuse across the junction).The region on
either side of the junction which becomes depleted (free) from the mobile charge carriers is
called depletion region or depletion layer. The width of depletion region is of the order of 10
m.The potential difference developed across the depletion region is called the potential barrier.
Potential barrier depends on dopant concentration in the semiconductor and temperature of
the junction.

(i) (a) Forward Biased Characteristics

The circuit diagram for studying forward biased characteristics is shown in the figure. Starting
from a low value, forward bias voltage is increased step by step (measured by voltmeter) and
forward current is noted (by ammeter). A graph is plotted between voltage and current. The
curve so obtained is the forward characteristic of the diode.
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At the start when applied voltage is low, the current through the diode is almost zero. It is
because of the potential barrier, which opposes the applied voltage. Till the applied voltage
exceeds the potential barrier, the current increases very slowly with increase in applied voltage
(OA portion of the graph).With further increase in applied voltage, the current increases very
rapidly (AB portion of the graph), in this situation, the diode behaves like a conductor. The
forward voltage beyond which the current through the junction starts increasing rapidly with

voltage is called knee voltage. If line AB is extended back, it cuts the voltage axis at potential
barrier voltage.

(b) Reverse Biased Characteristics

The circuit diagram for studying reverse biased characteristics is shown in the figure.
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(b}

In reverse biased, the applied voltage supports the flow of minority charge carriers across the
junction. So, a very small current flows across the junction due to minority charge carriers.
Motion of minority charge carriers is also supported by internal potential barrier, so all the
minority carriers cross over the junction.Therefore, the small reverse current remains almost

constant over a sufficiently long range of reverse bias, increasing very little with increasing



voltage (OC portion of the graph). This reverse current is voltage independent upto certain

voltage known as breakdown voltage and this voltage independent current — is called reverse
saturation current.

Use of p-n Junction Characteristics in Rectification
From forward and reverse characteristics, it is clear that current flows through the junction

diode only in forward bias not in reverse bias i.e. current flows only in one direction

45.(a) Draw the circuit arrangement for studying the V-l characteristics of a p-n junction
diode in (i) forward and (i) reverse bias. Briefly explain how the typical V- | characteristics of
a diode are obtained and draw these characteristics.

(b)With the help of necessary circuit diagram, explain the working of a photo diode used for
detecting optical signals. [All India 2014 C]

Ans. (a) Forward Biased Characteristics

The circuit diagram for studying forward biased characteristics is shown in the figure. Starting
from a low value, forward bias voltage is increased step by step (measured by voltmeter) and
forward current is noted (by ammeter). A graph is plotted between voltage and current. The
curve so obtained is the forward characteristic of the diode.
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At the start when applied voltage is low, the current through the diode is almost zero. It is
because of the potential barrier, which opposes the applied voltage. Till the applied voltage
exceeds the potential barrier, the current increases very slowly with increase in applied voltage
(OA portion of the graph).With further increase in applied voltage, the current increases very
rapidly (AB portion of the graph), in this situation, the diode behaves like a conductor. The
forward voltage beyond which the current through the junction starts increasing rapidly with
voltage is called knee voltage. If line AB is extended back, it cuts the voltage axis at potential
barrier voltage.

(b) Reverse Biased Characteristics

The circuit diagram for studying reverse biased characteristics is shown in the figure.
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In reverse biased, the applied voltage supports the flow of minority charge carriers across the
junction. So, a very small current flows across the junction due to minority charge carriers.
Motion of minority charge carriers is also supported by internal potential barrier, so all the
minority carriers cross over the junction.Therefore, the small reverse current remains almost
constant over a sufficiently long range of reverse bias, increasing very little with increasing
voltage (OC portion of the graph). This reverse current is voltage independent upto certain

voltage known as breakdown voltage and this voltage independent current — is called reverse
saturation current.

Use of p-n Junction Characteristics in Rectification

From forward and reverse characteristics, it is clear that current flows through the junction
diode only in forward bias not in reverse bias i.e. current flows only in one direction
(b)Circuit diagram of illuminated photo diode in reverse bias is shown below:
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Hence, frequency of light v such that
hv>E,, where E is band gap of increasing
intensity 1, I,, I;, etc. The value of reverse
saturation current increases with the
increase of intensity of light.

Thus, the measurement of charge in the
reverse saturation current can give the
intensity of incident light. (1)

46.(a) Explain with the help of diagram, how a depletion layer and barrier potential are
formed in a junction diode.
(b) Draw a circuit diagram of a full-wave rectifier. Explain its working and draw input and
output waveforms. [Delhi 2014 c]
Ans.(a)
.
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During formation of p-n junction, diffusion of charge takes place. As, soon as p-type
semiconductor is joined with n-type semiconductor, diffusion of free charges across the
junction starts.

For explanation of formation p-n junction

With the formation of p-n junction, the holes from p-region diffuse into the n-region and
electrons from n-region diffuse into p-region and electron-hole pair combine and get
annihilated.

This input produces potential barrier, Vg across in junction which opposes the further diffusion
through the junction. Thus, small region forms in the vicinity of the junction which is depleted
of free charge carrier and has only immotile ions is called the depletion region.

Potential barrier The potential distribution near the p-n junction is known as potential barrier

(b)

©) In these type of questions, we have to mind |
* that in fullwave rectifier, full cycle of the
input will be used.

The circuit diagram of full-wave rectifier is
shown below:
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The input and output waveforms have been

given below:
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Its working based on the principle that
junction diode offer very low resistance in

forward bias and very high resistance in
reverse bias. (1)

47.(i) How is a depletion region formed in p-n junction?

(ii)With the help of a labelled circuit diagram. Explain how a junction diode is used as a full-
wave rectifier. Draw its input, output wave forms.

(iii)How do you obtain steady DC output from the pulsating voltage?[Delhi 2013 C]

Ans.(i) p-n Junction A p-n junction is an arrangement made by a close contact of n-type
semiconductor and p-type semiconductor.There are various methods of forming p-n junction
diode. In one method, an n-type germanium crystal is cut into thin slices called wafers. An
aluminium film is laid on an n-type wafer which is then heated in an oven at a temperature of
about 600°C. Aluminium then diffuses into the surface of wafer. In this way, a p-type
semiconductor is formed on n-type semiconductor.

Formation of Depletion Region in p-n Junction In an n-type semiconductor, the concentration
of electrons is more than concentration of holes. Similarly, in a p-type semiconductor, the
concentration of holes is more than that of concentration of electrons. During formation of p-n
junction and due to the concentration gradient across p and n-sides, holes diffuse from p-side
to n-side ( p—> n) and electrons diffuse from n-side to p-side (n —> p).



. +=—Electron diffusion
Electron drift —

ooed
c0dd
s} eoed n
S]]
ce®d

]

]
Hole ditfusion— )
= Hole drift

| ~— Depletion region

The diffused charge carriers combine with their counterparts in the immediate vicinity of the
junction and neutralise each other, (I) Thus, near the junction, positive charge is built on n-side
and negative charge on p-side This sets up potential difference across the junction and an
internal electric field Ej directed from n-side to p-side. The equilibrium is established when the
field £, becomes strong enough to stop further diffusion of the majority charge carriers
(however, it helps the minority charge carriers to diffuse across the junction).The region on
either side of the junction which becomes depleted (free) from the mobile charge carriers is
called depletion region or depletion layer. The width of depletion region is of the order of 10
m.The potential difference developed across the depletion region is called the potential barrier.
Potential barrier depends on dopant concentration in the semiconductor and temperature of
the junction.

(i)

C) In these type of questions, we have to mind |
*  that in fullwave rectifier, full cycle of the |
input will be used. i

The circuit diagram of full-wave rectifier is
shown below:
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given below:
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Its working based on the principle that
junction diode offer very low resistance in
forward bias and very high resistance in
reverse bias. (1)

(iii) A full-wave bridge rectifier using four diodes (full-wave bridge rectifier) gives a continuous,
unidirectional but pulsating output voltage or current.

The rectified output is passed through a filter circuit which removes the ripple and an almost
steady DC voltage (or current) is obtained.

48.Why is a Zener diode considered as a special purpose semiconductor diode? Draw the |-V
characteristics of Zener diode and explain briefly, how reverse current suddenly increase at
the breakdown voltage? Describe briefly with the help of a circuit diagram, how a Zener
diode work’s to obtain a constant DC voltage from the unregulated DC output of a rectifier.
[Delhi 2009 C; Foreign 2012]

Ans.Zener diode works only in reverse breakdown region that is why it is considered as a
special purpose semiconductor

1-V characteristics of Zener diode is given

below: : (1)
I (mA)
Reverse bias Forward bias
Vz
I {mA)
E |

Reverse current is due to the flow of electrons from n —> p and holes from p —» n. As, the
reverse biased voltage increase the elecHic field across the junction, increases signiffcantly
and when reverse bias voltage V — V,, then the electric field strength is high enough to pull the
electrons from p-side and accelerated it to n-side.

These electrons are responsible for the high current at the breakdown.
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Voltage regulator converts an unregulated DC output of rectifier into a constant regulated DC
voltage, using Zener diode. The unregulated voltage is connected to the Zener diode through a
series resistance Rg such that the Zener diode is reverse biased. If the input voltage increases,
then current through Rq apd Zener diode increases. Thus, the voltage drop across R” increases
without any change in the voltage drop across Zener diode. This is because of the breakdown
region, Zener voltage remain constant even though the current through Zener diode changes.
Similarly, if the input voltage decreases, the current through Rg and Zener diode decreases.
The voltage drop across Rg, decreases without any change in the voltage across the Zener
diode.

Now, any change in input voltage results the change in voltage drop across Rg, without any
change in voltage across the Zener diode. Thus, Zener diode acts as a voltage regulator

49.(i) Describe briefly, with the help of a diagram, the role of the two important processes
involved in the formation of a p-n junction.

(ii) Name the device which is used as a voltage regulator. Draw the necessary circuit
diagram and explain its working.[HOTS; All India 2012]

Ans.
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The two process involved in the formation of p-n junction.

(a)Diffusion

(b)Drift

Holes and electrons diffuse from p to n and n to p respectively.

The majority charge carrier drifts under the influence of applied electric field such that
(a)holes along applied E and

(b)electron opposite to E.

(ii) Zener diode is used as voltage regulator.

Principle Zener diode is operated in the reverse breakdown region. The voltage across it



remains constant, equal to the breakdown voltage for large charge in reverse current
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50.(i) Draw the circuit diagram of a p-n junction diode in

(a)forward bias.

(b)reverse bias.

How are these circuits used to study the V-1 characteristics of a silicon diode? Draw the
typical V-l characteristics.

(ii) What is a Light Emitting Diode (LED)? Mention two important advantage of LEDs over
conventional lamps.[Delhi 2010 C; All India 2010]

Ans.(i) p-n Junction A p-n junction is an arrangement made by a close contact of n-type
semiconductor and p-type semiconductor.There are various methods of forming p-n junction
diode. In one method, an n-type germanium crystal is cut into thin slices called wafers. An
aluminium film is laid on an n-type wafer which is then heated in an oven at a temperature of
about 600°C. Aluminium then diffuses into the surface of wafer. In this way, a p-type
semiconductor is formed on n-type semiconductor.

Formation of Depletion Region in p-n Junction In an n-type semiconductor, the concentration
of electrons is more than concentration of holes. Similarly, in a p-type semiconductor, the
concentration of holes is more than that of concentration of electrons. During formation of p-n
junction and due to the concentration gradient across p and n-sides, holes diffuse from p-side

to n-side ( p—> n) and electrons diffuse from n-side to p-side (n —> p).
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The diffused charge carriers combine with their counterparts in the immediate vicinity of the
junction and neutralise each other, (I) Thus, near the junction, positive charge is built on n-side
and negative charge on p-side This sets up potential difference across the junction and an
internal electric field Ej directed from n-side to p-side. The equilibrium is established when the
field £, becomes strong enough to stop further diffusion of the majority charge carriers
(however, it helps the minority charge carriers to diffuse across the junction).The region on
either side of the junction which becomes depleted (free) from the mobile charge carriers is



called depletion region or depletion layer. The width of depletion region is of the order of 10®
m.The potential difference developed across the depletion region is called the potential barrier.
Potential barrier depends on dopant concentration in the semiconductor and temperature of
the junction.

(a) Forward Biased Characteristics

The circuit diagram for studying forward biased characteristics is shown in the figure. Starting
from a low value, forward bias voltage is increased step by step (measured by voltmeter) and
forward current is noted (by ammeter). A graph is plotted between voltage and current. The
curve so obtained is the forward characteristic of the diode.
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(b)

At the start when applied voltage is low, the current through the diode is almost zero. It is
because of the potential barrier, which opposes the applied voltage. Till the applied voltage
exceeds the potential barrier, the current increases very slowly with increase in applied voltage
(OA portion of the graph).With further increase in applied voltage, the current increases very
rapidly (AB portion of the graph), in this situation, the diode behaves like a conductor. The
forward voltage beyond which the current through the junction starts increasing rapidly with

voltage is called knee voltage. If line AB is extended back, it cuts the voltage axis at potential
barrier voltage.

(b) Reverse Biased Characteristics

The circuit diagram for studying reverse biased characteristics is shown in the figure.
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In reverse biased, the applied voltage supports the flow of minority charge carriers across the
junction. So, a very small current flows across the junction due to minority charge carriers.
Motion of minority charge carriers is also supported by internal potential barrier, so all the
minority carriers cross over the junction.Therefore, the small reverse current remains almost
constant over a sufficiently long range of reverse bias, increasing very little with increasing
voltage (OC portion of the graph). This reverse current is voltage independent upto certain
voltage known as breakdown voltage and this voltage independent current — is called reverse
saturation current.

Use of p-n Junction Characteristics in Rectification

From forward and reverse characteristics, it is clear that current flows through the junction
diode only in forward bias not in reverse bias i.e. current flows only in one direction

(i) (a) Working of LED LED is a forward biased p-n junction which converts electrical energy
into optical energy of infrared and visible light region.

Being in forward bias, thin depletion layer and low potential barrier facilitate diffusion of
electron and hole through the junction when high energy electron of conduction band
combines with the low energy holes in valence band, then energy is released in the form of
photon, may be seen in the form of light.

(b)Uses of LEDs (a) LED can operate at very low voltage and consumes less power in

comparison to incandescent lamps. Unlike the lamps, they take very less operational time and
have long life.

51.(i) Draw I-V characteristics of a Zener diode.
(ii)Explain with the help of a circuit diagram, the use of a Zener diode as a voltage regulator.
(iii)A photo diode is operated under reverse bias although in the forward bias, the current is

known to be more than the current in the reverse bias. Explain, giving reason. [HOTS; Foreign
2010]

Ans. (i)Zener diode is used as voltage regulator.
Principle Zener diode is operated in the reverse breakdown region. The voltage across it
remains constant, equal to the breakdown voltage for large charge in reverse current
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(i) From the figure, it is clear that the device, X is a full-wave rectifier. Circuit diagram as
shown in figure below:
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- (1)

Zener diode connected with unregulated DC voltage in reverse bias. When the input voltage
increases, then current through R, increase and hence, voltage drop across R, increases while
voltage across the Zener diode remains constant. The voltage across Zener diode remains
constant beyond Zener voltage and hence, same/constant regulated voltage is obtained
across Ry.
(iif) In n-type semiconductor,
Ne >Ny, A1)
On incidence of Jight of suitable

frequency, there is equal rise in number
of electrons and holes [i.e. An (say)]

- 13 odn an
Ne Ny N Ny

where, An = change in electron or hole

charge carrier.
Thus, fractional change in minority charge carrier (hole) is much higher than fraction change in
majority charge carrier (electron). Also, minority charge carrier contribute in drift current in
reverse bias.
Thus, with incidence of light, fractional change in minority charge carrier is significant.
Therefore, photo diode should be connected in reverse bias for measuring light intensity.

52.(i) Draw a circuit arrangement for studying V-l characteristics of a p-n junction diode
in(a)forward bias and (b) reverse bias.

Show typical V-I characteristics of a silicon diode.

(ii) State the main practical application of LED. Explain, giving reason, why the semiconductor
used for

fabrication of visible light LEDs must have a band gap of at least (nearly) 1.8 eV. [Delhi
2010 C]

Ans. (i) p-n Junction A p-n junction is an arrangement made by a close contact of n-type
semiconductor and p-type semiconductor.There are various methods of forming p-n junction
diode. In one method, an n-type germanium crystal is cut into thin slices called wafers. An
aluminium film is laid on an n-type wafer which is then heated in an oven at a temperature of
about 600°C. Aluminium then diffuses into the surface of wafer. In this way, a p-type
semiconductor is formed on n-type semiconductor.

Formation of Depletion Region in p-n Junction In an n-type semiconductor, the concentration
of electrons is more than concentration of holes. Similarly, in a p-type semiconductor, the



concentration of holes is more than that of concentration of electrons. During formation of p-n
junction and due to the concentration gradient across p and n-sides, holes diffuse from p-side

to n-side ( p—> n) and electrons diffuse from n-side to p-side (n —> p).
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The diffused charge carriers combine with their counterparts in the immediate vicinity of the
junction and neutralise each other, (I) Thus, near the junction, positive charge is built on n-side
and negative charge on p-side This sets up potential difference across the junction and an
internal electric field Ej directed from n-side to p-side. The equilibrium is established when the
field £, becomes strong enough to stop further diffusion of the majority charge carriers
(however, it helps the minority charge carriers to diffuse across the junction).The region on
either side of the junction which becomes depleted (free) from the mobile charge carriers is
called depletion region or depletion layer. The width of depletion region is of the order of 10®
m.The potential difference developed across the depletion region is called the potential barrier.

Potential barrier depends on dopant concentration in the semiconductor and temperature of
the junction.

(a) Forward Biased Characteristics
The circuit diagram for studying forward biased characteristics is shown in the figure. Starting
from a low value, forward bias voltage is increased step by step (measured by voltmeter) and

forward current is noted (by ammeter). A graph is plotted between voltage and current. The
curve so obtained is the forward characteristic of the diode.
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At the start when applied voltage is low, the current through the diode is almost zero. It is



because of the potential barrier, which opposes the applied voltage. Till the applied voltage
exceeds the potential barrier, the current increases very slowly with increase in applied voltage
(OA portion of the graph).With further increase in applied voltage, the current increases very
rapidly (AB portion of the graph), in this situation, the diode behaves like a conductor. The
forward voltage beyond which the current through the junction starts increasing rapidly with

voltage is called knee voltage. If line AB is extended back, it cuts the voltage axis at potential
barrier voltage.

(b) Reverse Biased Characteristics

The circuit diagram for studying reverse biased characteristics is shown in the figure.
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In reverse biased, the applied voltage supports the flow of minority charge carriers across the
junction. So, a very small current flows across the junction due to minority charge carriers.
Motion of minority charge carriers is also supported by internal potential barrier, so all the
minority carriers cross over the junction.Therefore, the small reverse current remains almost
constant over a sufficiently long range of reverse bias, increasing very little with increasing
voltage (OC portion of the graph). This reverse current is voltage independent upto certain
voltage known as breakdown voltage and this voltage independent current — is called reverse
saturation current.

Use of p-n Junction Characteristics in Rectification

From forward and reverse characteristics, it is clear that current flows through the junction
diode only in forward bias not in reverse bias i.e. current flows only in one direction

(ii) Working of LED LED is a forward biased p-n junction which converts electrical energy into
optical energy of infrared and visible light region.

Being in forward bias, thin depletion layer and low potential barrier facilitate diffusion of
electron and hole through the junction when high energy electron of conduction band
combines with the low energy holes in valence band, then energy is released in the form of
photon, may be seen in the form of light.

(a) Semiconductors with appropriate band gap (Eg) close to 1.5 eV are preferred to make LED
size GaAs, CdTe, etc.the other reasons to select these materials e high optical absorption,
availability of raw material and low cost



(b) Uses of LEDs

(i) LED can operate at very low voltage and consumes less power in comparison to
incandescent lamps

(i) Unlike the lamps, they take very less operational time and have long life.

53.How is a Zener diode fabricated so as to make it a special purpose diode? Draw 7-V
characteristics of Zener diode and explain the significance of breakdown voltage, (ii) Explain
briefly, with the help of a circuit diagram, how a p-n junction diode works as a half-wave
rectifier. [Delhi 2009c]

Ans.(i)Zener diode works only in reverse breakdown region that is why it is considered as a
special purpose semiconductor

I-V characteristics of Zener diode is given

below: : a
I(mA)
Reverse bias Forward bias
V;
I (mA)
E |

Reverse current is due to the flow of electrons from n —> p and holes from p —» n. As, the
reverse biased voltage increase the elecHic field across the junction, increases signiffcantly
and when reverse bias voltage V — V,, then the electric field strength is high enough to pull the
electrons from p-side and accelerated it to n-side.

These electrons are responsible for the high current at the breakdown.

As

Unregulated
voltage ¥

A =

Load Regulated
ZS R: voltage, V;
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Voltage regulator converts an unregulated DC output of rectifier into a constant regulated DC
voltage, using Zener diode. The unregulated voltage is connected to the Zener diode through a
series resistance Rg such that the Zener diode is reverse biased. If the input voltage increases,
then current through Rq apd Zener diode increases. Thus, the voltage drop across R” increases
without any change in the voltage drop across Zener diode. This is because of the breakdown
region, Zener voltage remain constant even though the current through Zener diode changes.
Similarly, if the input voltage decreases, the current through Rg and Zener diode decreases.
The voltage drop across Rg, decreases without any change in the voltage across the Zener
diode.

Now, any change in input voltage results the change in voltage drop across Rg, without any
change in voltage across the Zener diode. Thus, Zener diode acts as a voltage regulator

(i) Circuit diagram of p-n junction diode as half-wave rectifier is shown below
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Diode conducts corresponding to positive half cycle and does not conduct during negative half
cycle hence, AC is converted by diode into unidirectional pulsating DC. This action is known as
half-wave rectification.
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54.(i) Draw the typical shape of the V-l characteristics of a p-n junction diode both in (a)
forward(b)reverse bias configuration. How do we infer, from these characteristics that a
diode can be used to rectify alternating voltages?

(i) Draw the circuit diagram of a full-wave rectifier using a centre-tap transformer and two p-
n junction diodes. Give a brief description of the working of this circuit. [Delhi 2009 C]

Ans (i) p-n Junction A p-n junction is an arrangement made by a close contact of n-type
semiconductor and p-type semiconductor.There are various methods of forming p-n junction
diode. In one method, an n-type germanium crystal is cut into thin slices called wafers. An
aluminium film is laid on an n-type wafer which is then heated in an oven at a temperature of
about 600°C. Aluminium then diffuses into the surface of wafer. In this way, a p-type
semiconductor is formed on n-type semiconductor.

Formation of Depletion Region in p-n Junction In an n-type semiconductor, the concentration
of electrons is more than concentration of holes. Similarly, in a p-type semiconductor, the
concentration of holes is more than that of concentration of electrons. During formation of p-n
junction and due to the concentration gradient across p and n-sides, holes diffuse from p-side

to n-side ( p—> n) and electrons diffuse from n-side to p-side (n —> p).
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| +— Depletion region

The diffused charge carriers combine with their counterparts in the immediate vicinity of the
junction and neutralise each other, (I) Thus, near the junction, positive charge is built on n-side
and negative charge on p-side This sets up potential difference across the junction and an
internal electric field Ej directed from n-side to p-side. The equilibrium is established when the
field £, becomes strong enough to stop further diffusion of the majority charge carriers



(however, it helps the minority charge carriers to diffuse across the junction).The region on
either side of the junction which becomes depleted (free) from the mobile charge carriers is
called depletion region or depletion layer. The width of depletion region is of the order of 10
m.The potential difference developed across the depletion region is called the potential barrier.
Potential barrier depends on dopant concentration in the semiconductor and temperature of
the junction.

(a) Forward Biased Characteristics

The circuit diagram for studying forward biased characteristics is shown in the figure. Starting
from a low value, forward bias voltage is increased step by step (measured by voltmeter) and
forward current is noted (by ammeter). A graph is plotted between voltage and current. The
curve so obtained is the forward characteristic of the diode.
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At the start when applied voltage is low, the current through the diode is almost zero. It is
because of the potential barrier, which opposes the applied voltage. Till the applied voltage
exceeds the potential barrier, the current increases very slowly with increase in applied voltage
(OA portion of the graph).With further increase in applied voltage, the current increases very
rapidly (AB portion of the graph), in this situation, the diode behaves like a conductor. The
forward voltage beyond which the current through the junction starts increasing rapidly with

voltage is called knee voltage. If line AB is extended back, it cuts the voltage axis at potential
barrier voltage.

(b) Reverse Biased Characteristics

The circuit diagram for studying reverse biased characteristics is shown in the figure.
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In reverse biased, the applied voltage supports the flow of minority charge carriers across the
junction. So, a very small current flows across the junction due to minority charge carriers.
Motion of minority charge carriers is also supported by internal potential barrier, so all the
minority carriers cross over the junction.Therefore, the small reverse current remains almost
constant over a sufficiently long range of reverse bias, increasing very little with increasing
voltage (OC portion of the graph). This reverse current is voltage independent upto certain
voltage known as breakdown voltage and this voltage independent current — is called reverse
saturation current.

Use of p-n Junction Characteristics in Rectification

From forward and reverse characteristics, it is clear that current flows through the junction
diode only in forward bias not in reverse bias i.e. current flows only in one direction

(i)

Q In these type of questions, we havetomindi
* that in fullwave rectifier, full cycle of the |
input will be used. E

The circuit diagram of full-wave rectifier is
shown below:
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The input and output waveforms have been

given below:
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Its working based on the principle that
junction diode offer very low resistance in
forward bias and very high resistance in

reverse bias.

(1)
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