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Chapter-1
Semiconductors diodes

Semiconductor Diodes: P and N type semiconductors. Energy Level Diagram.
Conductivity and Mobility, Concept of Dnft velocity.PN Junction Fabrication (Simple

Idea). Barrier Formation in PN Junction Diode. Derivation for Barrier Potential, Barrier
Width and Cumrent for abrupt Junction. Current Flow Mechamism i Forward and
Reverse Biased Diode, (9 Lectures)

Q: what are p-type and n-type semiconductors?
Ans: there are two types of semiconductors which are as follows:-

Intrinsic semiconductor:-When we have a semiconductor in pure form that is
without doping then it is called as intrinsic semiconductor.

Extrinsic Semiconductor:- When a semiconductor is doped with some impurities
then it is known as Extrinsic Semiconductor.

Now this Extrinsic Semiconductor has more two types

N- Type: - When we use a pentavalent impurity for doping then we get a n-type
semiconductor. Examples of pentavalent impurities are phosphorus or arsenic.
P-type: - When we use trivalent impurities for doping then we get a p-type
semiconductor. Examples of trivalent impurities are aluminum or boron.

Q: calculate the number of electrons into conduction band.
Ans:
[o calculate the number of electrons excited mnto conduction band at temperature 7', we assume
|, The energy 1s measured [rom the top of the valence band
2. Theeflect of the lattice 1s simply to modify the free electron mass from m to m,, and m, for
the conduction and valence bands, respectively

3. The electron density of states in the conduction band 15 equal to that for free electrons. ie..

coe 1 (2w, Y s
N(E) = —|— (E-E,)"" per unit volume, A1)
2n{ h° '
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The Fermi [unction 1s
1
JIE) = T3 & BT 2(2)

4 olE Ex)/kT

The total number of electrons with energy between /£ and £ + dFE 1s given by the product of N
(£) dE and the Fermi function. So the total number of electrons in the conduction band » 1s given by

32 \

ﬁ&
£, E,>> kT So the Fermi function may. to a good aproximation, be written as,

OB NI 1 e A
f@y = [1 EET 2

2m 72 e c e AR SR B
n= L[ J' (E-E, )P E Bk ()
o\ w2 ) Jg

2 2 2
F'.c T

(5)

n

“‘. 7’#/13

\ 4

,),/ m,, kT ] S Bk

This relation gives the density or concentration of electrons in the conduction band of an

intrinsic semiconductor,

Q: calculate the number of holes into valence band.
The density of hole states in the valence band is given by

om Y2
Nm = L2 | (B perunitvol 6
> —2—2—2 (£)'* perunit volume ...(6)
n°l A
The probability of finding a hole with energy £ is just 1 — f(£).
L& = 1-fE)
= 1_+
1 + o E-EAT

Fe [1 il e(E-E_:}fkT:I_] 1 [1 _ e(E-E_,)jkT]

= o\ E-E)iT
Hence the density of holes in the valence band
3/2
o 1 (2m, . = R
p = j ’mz( Tz;] (h}me“' E KT g D)
s ) )
N2
p= 2[’:‘;’:?1;} g RelFL B )
i

This 15 the hole concentration in the valence band,
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Q:derive an experssion for law of mass action.
Multiplying Eqs. (5) and (8), we get

% ]
v 4[2;”5: (mym, ) e WM = g3 e BN -(9)
r

Here, E, is the width of forbidden energy gap between conduction and valence bands and

\3
4" 4[2:?&2 (mump)a,fz — a constant.
A

Eq. (9) shows that the product of hole and electron densities depends on temperature T and
Jorbidden energy gap Eg but is independent of the Fermi level E,

Thus the product of electron and hole concentrations, for a given material, 1s constant at a given
temperature. If an mpurity 15 added to merease », there will be a corresponding decrease in p such
thal product mp remains conslant.

Since for an intrinsic semiconductor, 7= p = », , We armive at an important relationship, called
the law of mass action.

np = nf‘ = ATV 5l ~(10)

[ere n, is called the intrinsic density of either carrier.

Eq. (10) 1s true for a semiconductor regardless of the donor or aceeplor concentrations.

Q: Explain diffusion and drift current. Also derive the relation between mobility
and diffusion constant.
Ans:

Diffusion is the process by which particles move from a region of higher concentration to a region of lower
concentration. If the process is left undisturbed, it would result in uniform density of particles in the medium.

IF the particles of the medium are charged carriers, like electrons and holes in a semiconductor, the diffusion
along the concentration gradient results in a current, known as diffusion current. Unlike the drift current
, the diffusion current depends on gradient of concentration rather than on the concentration itself, If the

carriers are electrons, the diffusion current is proportional to Vn, where T1 Is the electron density.
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Likewise, the hole diffusion current is proportional to vp.

Consider the diffusive motion of holes in one dimension. If p{:f:} is the concentration at T, and
dpf dz > 0, i.e., if the concentration is increasing where E}‘ is the intrinsic Fermi level and E g is the

Fermi level in the presence of acceptor impurities (we have dropped the redundant superscript p). Thus

Vp= %E{E}.’_E’?]""H (VE; — VEp)
P i

Thus diffusion takes place when there exists an intrinsic Fermi level gradient. In order to evaluate the
gradient of E}, consider the valence band. The kinetic energy of the holes is the difference between the
energy of the top of the valence band and the total energy of the holes. Thus the energy at the top of the
valence band is the potential energy of the holes. Similarly, the energy at the bottomn of the conduction band

is the potential energy of the electrons. As the intrinsic Fermi energy depends on these two energy levels,
temperature and other constants, the change in the electron or hole energy is also given by the difference

between the intrinsic Fermi energy E} and the {uniform) Fermi energy E F.
9¢ = (Er — E})
The electric field, F (I) is then given by
; i
B e . KlGusy
dr g dzr
Assume guasi-charge neutrality for which the concentration of holes is equal to the concentration of

acceptors, P == N_u. Using one dimensional form of (B),

dEy kKI'dp kT dN,
de p dzr N, dz

which gives

kT 1 dN,

Elz) = ——
(z) g N, dz

Substituting the above in (A) and cancelling commen terms, we get

D, kT

Hy q
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A similar relation can be established for electrons. The relations

D, D. kT

Hp He g

Are known as bf Einstein relations between maobility and diffusion constant.
Q: What is P-N junction? Explain the formation of potential barrier and depletion
layer? With no external voltage.
Ans: A p-n junction is a junction formed by joining p-type and n-type
semiconductors together in very close contact. The term junction refers to the
boundary interface where the two regions of the semiconductor meet. If they were
constructed of two separate pieces this would introduce a grain boundary, so p—n
junctions are more often created in a single crystal of semiconductor by doping, for
example by ion implantation, diffusion of dopants, or by epitaxy (growing a layer of
crystal doped with one type of dopant on top of a layer of crystal doped with
another type of dopant).

Formation of the Depletion Region.

At the instant of the PN junction formation free electrons near the junction diffuse across the junction
into the P region and combine with holes.

p-type 1 n-type
semiconductor semiconductor
region § region

‘W electran

The combining of hole

electrons and holes —
depletes the holes .

in the p-region and : — fm'?l_””?d HpiB
the electrons in the : e ASpRUsLLVSAUR

n-region near the Lz‘z:'lufjrr;nwed
junction.

depletion
region

Filling a hole makes a negative ion and leaves behind a positive ion on the N side.

These two layers of positive and negative charges form the depletion region, as the region near the
junction is depleted of charge carriers.

As electrons diffuse across the junction a point is reached where the negative charge repels any further
diffusion of electrons.

The depletion region now acts as a barrier.
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Barrier Potential:

The electric field formed in the depletion region acts as a barrier. External energy
must be applied to get the electrons to move across the barrier of the electric field.
The potential difference required to move the electrons through the electric field is
called the barrier potential. Barrier potential of a PN junction depends on the type
of semiconductor material, amount of doping and temperature. This s
approximately 0.7V for silicon and 0.3V for germanium.
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Chapter-2
Semiconductors diodes

Two-terminal Devices and their Applications: (1) Rectifier Diode: Half-wave
Rectifiers. Centre-tapped and Bridge Full-wave Rectifiers. Calculation of Ripple Factor

and Rectification Efficiency, C-filter, (2) Zener Diode and Voltage Regulation.
Principle, structure and characteristics of (1) LED, (2) Photodiode and (3) Solar Cell.
Qualitative 1dea of Schottky diode and Tunnel diode. (7 Lectures)

Q: Draw a labeled diagram for half wave rectifier explains its working and derive
its mathematical expression.

Sol:
Diode as a Half-Wave Rectifier

n. Fig. 58.13 shows the circuit for a half-wave rectifier. T is a transformer. The

Constructio d to the ac mains. The diode D is connected across the

of the transformer is connecte
th a load resistance R;.

primary O 5 ;
secondary in series Wi

Vik=s
" \lnput voltage/\
o n\/ e n ¥ ot

Output voltage
ot

(0] b18 2n In

ﬁ o Fig. 58.14

Working. The primary of the transformer 1s connected to the ac mains, An ac voltage will be
induced across the secondary. This voltage can be represented by

b, =1, smot

Fig. 58.14 shows the variation of this
mput voltage with time. I’ 1s the peak
value.

During the first half cyele of ac..
one end of the secondary, sav A, beecomes
positive. Then the diode is forward biased.
Hence current flows through the load R, in
the direction of arrows (Fig. 58.13). The
diode offers very little resistance when
forward biased. Hence the p.d. across it
is very small. The vollage across the load
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R; 1s therefore practically the same as that
across the secondary of the transformer.

i.e.. 1. During the next half cycle, the end A becomes negative. The diode is now reverse biased.
Therefore. no current flows through the load R,. The voltage across the load is zero. The shape of
the output voltage 1s shown m Fig. 58.14. This voltage i not a perfect de. But it 1s umdirectional.

Mathematical Analysis

The input voltage applied to the diode is given by

I, =1, snot L)
Then, the mstantaneous output current through the load resistance R, 1s given by

I, =1, sm o1 when 0 <wi<n -A2)
and I =10 whenr<or<2 -3

o il
IDI = R
L+ R,

Iere, /,, = peak value of the current

R, = dynamic forward resistance of the diode.

(1) D.C. (average) value of output current
The average d.c. current over one complete cycle 1s given by

1 2n
L= 1, = -2-;'[0 1, d (o)
. ﬁ“: I, sin (o) d (or) + ju’" 0 x d(ml)]

I n
= ﬁ[— Cos {I]f]ﬂ

I I’
fdc - _ﬂ'=|_ —_—m .”{4}
T m| R+ R
The de voltage developed across the load R 1s given by
I "
Ve = 1 xRy =—"R; (3)
nt
(if) D.C. power output. The de power output across the load B, 15
) L
D.C. power output = P, =13 -k, =2-R, A6)
2

(iif) R.NVLS. (effective) value of output current

The root mean square value of the current, by definition, 1s given by
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- 1
i [
IL..=|— Codd (o
it _ETE o I, ]]
i 1 - i /
= —{J- f;,surmrcf{w}+J 0.d (o)
_2]’{ 0 n
— L
1 P70 s i
= —J. f;rr:llrmfﬂ’im-'l]
2mdo
I .
Lo = 2 ®)

(i) A.C. power input : The power supphied to the eircwt from the ac source 1s given by

; I? _
f-.i-ll" = !i'_m.'i'hr{_f ¥ R.f_ .: = %fﬁf + H!,} {H:‘
(v) Rectilier efficieney : 11 15 delined as the ratio of de output power 1o the total ac power
stupplied to the rectifier,
_ D.€. poweroutput

A.C. powermput

LoRefm™ 4| Ry
IR+ R[4 o | R+ R
0.406
L+ R, /R,

Efficiency is maximum when H}-{ﬁ K,
Theoretical maximum efliciency 1 = 0.406 = 40.6%.
(vi) Ripple Factor : The npple lactor 15 the ratio of tm.s. value ol A C. component to the D.C
component in the rectifier oulpul. ie..

r.oes. valueof A C. component of output voltage

[2.C. component of output voltage
Vae _ Jac

4'II«‘-:'

The effective (r.m.s.) value of total load current is given by,

"Irmm - \Il'rﬂ'{,: i ‘rm';‘
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v = Toms ] |
e
For a hall-wave rectifier.
L - Imi2 _m.
I, I /n 2

y= JF—1=121
d

This mdicates that the amount of A, C. component present n the output ol a hall-wave rectilier
is 121% of D.C. output voltage. The half-wave rectifier 15 therelore a poor converter of ac into de.
(vii) Peak inverse valtage. Peak inverse voltage (P1V) 15 defined as the maximum reverse
voltage wiich the rectifier has to withstond during the non-conducting period. Thus for a half-wave
rectifier.
- ..
Pl Ve
(viffy Voltage regulation. Voltage regulation 1s the ability of a rectifier o maintain a specific
output voliage irrespective of the variation in the load resistance, In a hall-wave rectifier,

"JN I'FFJ
e
n WR, +R)
=
or LR = =T Ry
dc L 1 : il
K= I.’”—I ft
e E de M-

When [, = 0, 17, has its maximum value (I, / ®). As [, mcreases, 17, decreases hinearly
Therelore, voltage regulation of a half-wave rectifier is poor:

Q: Draw a labeled diagram for centre tapped full wave rectifier explain its working

and derive its mathematical expression.
Centre tapped full-wave rectifier. A full wave rectifier circuit consists of two diodes 13, and
D, connected Lo the secondary of the step-down transformer. The input A.C. signal 1s fed to the
primary of the transformer (Fig. 58.15).

f:\(;:)ut VD f +C
iVm T | R,
Bvy - ND--b I§

—— €--

QT \T/ —»’TLD,

o

ut

be 8




Analog Systems and Applications [Quick Notes] https://alllabexperiments.com

Working. During the positive half-cycle of the secondary voltage, one end of the secondary,
say A. becomes positive and end B becomes negative. So the diode D, is forward biased. and diode
D, 1s reverse biased. As a result of this. the diode
D] conducts current whereas the diode D, does
not conduct. Current through the load resistance
flows from ' to [D producing output voltage I,
'l‘hc current 1s shown by solid arrows.

Y\/\\/\ T / All Lab\\

JA N N

n 2n 3= Output of duode D,

A TA

| T
Output of diode D,

Va
» oot

! Total output

Fig. 58.16
During the negative hall eyele of AC mput, end /1 becomes negative and end B posilive So the

diode D, 1s reverse biased and the diode 1, 1s lorward biased. As a resull. the diode D, dees not
conduct and L), conducts current. Agamn current flows from C' to D through the load resistance &,
producing output voltage I, The current 1s shown by the dotted arrows,

Thus. dunng both the half eveles. current flows through the load in the same direction. The output
voltage 1s developed across the load R, during the entire evele: I 1s a pulsating D.C. voltage
containing both A.C. and D.C. components. The mput and the rectified output wave-forms arc
shown in g 38 16,

Mathematical Analysis
Let the diodes £ and 12, be identical and have the same dynamic resistance R At any instant,
let the magnitudes of AC voltages apphied to the diodes be each equal 1o ;=17 sin ot 7, is the

peak mput voltage.
[Lel R, = dyname lorward resistance of the diode.

lgx erlments

The current pulses in the two diodes are given by
{fm sinew for O<@i<n }
i =

= ) i sk
—1, s for r<mt<2n

I 'fH

R +R,

Here, e
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(1) D.C. (average) value of output current. The outpul de current /) 1s given by

ke
™ g s 40

1 it _ ir
= = ‘[ Jmsmm:'d(m:_HJ- —[ smotd (o)

2m [J0O n

I 1
= —”[!—casmr |:§+|msm:g;,“] =Im [242]
2 n

=

1, = == (2)

(fi) R.M.S. (effective) value of load current. The rm s value of total output current 1s given by

| ’E::_z. :
.Ilr”n,i = \’T‘IE.[U I cf{[!l":l

1 B 7 TR, - | i ] 4 e |4
o Jn I, sin” ﬁ)f.d{mf_}‘f-.l-n I, sin” @f.d (o)

- "i (3

'IFHH.': _‘JE‘
(#i) Power supplied to the circuit. The a.c. power input to the rectifier from the supply is
given by

; (R 4RI
Pe= I (RpaRy=—L"""", A4)

—

(iv) Average power supplied to the load R,. The d.¢. power output across the load R, is given

by
P, = L3R = M ..(3)
P

(v) Rectifier efficiency. In a rectifier, the useful power output is the d.c. power which is
developed across the load R, . Therefore. efficiency
d.c.power supplied to the load

n = — - x 100%
Total mput A.C. power
5 Af2p. o2
= Lae yy00% = —ﬂ&’—-’[—x 100%
P, (Re+R ), /2
[Using Eqs. (4) and (5)]
v 81.2 % A6)
R,
1+

l{!.
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Thus. the rectilication efficiency of a full-wave rectifier 1s double that of a half-wave rectifier
under identical conditions.

The maximum possible efficiency of a full-wave rectifier is 81 2 % when R <<R,.

(vi) Ripple factor. The ripple lactor v is given by

= 0.482

The npple lactor of a full-wave rectifier 1s 0.482 and 1s much smaller than that of hall-wave
reclifier. Hence. in actual practice. a full-wave rectifier 1s preferred to a half-wave rectifier.

(vii) Peak inverse vollage. P[17is the maximum reverse voltage which the rectifier has to withstand
during the non-conduction period. Supposc the diode D, is conducting and 1), non-conducting.

The reverse voltage across diode 1),

— P P < Y A S =[ =T
PIV = PD.attoss R, — (—15) S B =2V,

Thus mn a full-wave rectifier. PIV across each diode 1s two times the maximum transformer

voltage measured [rom the centre-tap to either end

Q: explain the working of bridge rectifier.

The circuit is shown i Fig. 58.17. The diodes D,. D,. D, and D, are arranged in the form
of Wheatstone Bridge network. The two opposite ends 4 and C of the network are conneeted to
the ¢nds S| and S, of the secondary of transformer 7. The ends B and D are connected to the load
resistance R, . The primary P of the transformer is connected to the ac mains.

When an AC voltage 1s apphed to the primary, at some instant the positive half of the mput
cyele passes through the secondary, keeping the point A positive and " negative, Diodes D, and D,

conduct and a current flows in the direction ABR, DC S, S, A.

N

Fig. 58.17

At the same time D, and D, will not be conducting, since they are reverse biased. During
the next half cycle, the point A is negative and C is positive. Therefore in this case diodes D, and
D, conduct and current flows in the direction CBR, DAS, S, C. But now D, and D, will not be
wnduumg Therefore during both the halves of the input «.\gl; current flows through tlu. load R, in
the same direction. Thus a DC output is developed across R, and we have full wave rectification.




Analog Systems and Applications [Quick Notes] https://alllabexperiments.com

Q: what is zener diode? Draw its symbol and explain zener and avalanche effect.
Ans:
The diode which operates in the reverse breakdown
region with a sharp breakdown voltage 15 called a Zener diode

P N
e }F] o
L
[t 15 an ordary P-N junction diode except that 1t 1s properly doped to have a verv sharp and
almost vertical breakdown. [L1s exclusively operated under reverse bias conditions. [L1s designed to
operate 1n breakdown region without damage. By adjusting the doping level 1115 possible to produce
zener diodes with a breakdown vollage ranging from 2V 1o 800 V.
Zener diode prnimanly depends Tor s
working on Zener Effect. In a heawily doped
diode. the depletion region 1s very narrow. ['he external apphed voltage accelerates
When the reverse bias voltage across the (he minority carriers i the depletion region.
diode 1 “‘“““_ﬂﬁ“‘i- the electric field across the hese carriers gain sufficient energy Lo 1onise
dt-:.pli.-_:11-.m_r¢gmn hc-;;mm!:-i very strong. When g0 ¢ by collision The electrons produced
this field 1s = 3 = 107 V/im, clecirons are pulh:d: fhereby  accelerate to  sufficiently  large
out of the covalent bonds. A large number of S _ ) : e
: 7 weloeities to be able to 1omise other atoms, This
electron-hole pairs are therebv produced. The : e _
creates asort of chain reaction. The cumulative

reverse current nses steeply. This 15 Zewer X ; .
effect of this chain reaction 1s the avalanche ef

effect.

Q: explain zener diode as voltage regulator.
Ans:

é. Ina Vf)]t.age regu.lated power supply unit, the output voltage is constant and it is independent
iﬂhe variations of input supply voltage and load resistance. The circuit diagram of a Zener

diode voltage regulator is shown i Fig. 3811 The R
unregulated de 1s applied across the diode through a
series resistor & which himits the mput current. The
value of the series resitor & 1s so chosen that imtially the
diode operates in the breakdown region. The P-junction
ol the Zener diode is connected to the negative ol the
inpul voltage and N-junction to the positive. Thus the
Zener diode 1s reverse biased. The output veltage I
remains cssentially constant (equal to 17) even though
the mput voltage I and the load resistance R, may vary over a wide range

+

10— —O
o
=

Fig. 58.11
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Waorking. [.cl [ be the current drawn [rom the supply source, /. the ewrrent through the Zener
diode and /; that across the load resistance R

Applving Kirchholl 's laws, we get

I =1+ k1)
Iy = I'—IR A2)
and Ve =4yl = 3)

The variation in the output voltage may he due to two causes. First, the load current may vary
Second, the input voltage may vary

lariation of load curvent : Suppose the load resistance £, varies and the input voltage I remains
constant. Sinee the output voltage I, tends to remamn constant, Eq. (2) gives

& =0 (~- I, and R are constant)
Then Eq. (1) gives Bl = 8/ +d/, =0
or 81, ==&l

Thus. if the load resistance increases. when the supply voltage is fixed, the load current I,
decreases and the Zener diode current /_ increases by an equal amount. Thus the voltage 17, across
the load will tend to remain constan.

Lariation in input voltage . Now suppose thal the load resistance R, remains constant and
supply voltage 17 varigs. Since I, tends to remain constant, we get from Eq. (2).

ol =.Ral
Also Eq. (3) gives, of, =0 (. A, 15 constant)
2. Eq. (1) gives, B =8/,

Thus when the supply voltage varies but the load resistance remains constant, the fotal current
I and the Zener current I change equally to keep the Toad curvent I, consiant. Thusal total current
I decreases by 8/, the diode current /, also decreases by the same amount, so that load current [,
remains constant and the veltage 1, across the load will tend to remain constant,

Q:distinguish between zener diode and ordinary diode.

Solution. |. Ordinary junction diodes are operated within the breakdown voltage in reverse
biased condition. Operation beyond breakdown voltage may damage them.

But a Zener diode 1s speaially designed lor operation beyond breakdown voltage
This breakdown voltage 1s called the Zener breakdown potential.

2. Ordinary diode 1s usually used for rectification while Zener diode ts used for
voltage regulation

Q: write principle, structure and construction of photodiode.
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Principle. A reverse-biased P-N junction diode has a reverse saturation current which i1s mamly
due to the flow of the minority carriers. When light is incident on the depletion region of the reverse-
biased p-n junction, the concentration of minority carriers (electrons in p type and holes in »n type)
increases to a great extent. But the change in majority carriers 1s too low. Consequently reverse
current mereases. The reverse current through the diode varies almost linearly with the intensity of
hght.

A photo diode is essentially a reverse-biased P-N junction diode which is designed to
respond to photon absorption.

Construetion. A photo diode consists of a P-N junction embedded in a clear plastic capsule
[Fig. 56.1(a)]. The symbol of a photo diode is shown in Fig. 56.1(h). Light is allowed to fall upon
one surface across the junction. All the sides of the plastic capsule, excepting the illuminated one,
are either pamnted black or enclosed in a metallic case.

Working and Characteristics. When photo diode 1s kept under dark condition and a sufficient
reverse voltage 1s applied. then an almost constant current. independent of magnitude of reverse
bias, is obtained. This current corresponds to the reverse saturation current due to thermally
generated minority carriers. [t 1s called dark current. It 1s proportional to the concentrations of

minority carriers and 18 denoted by [, Majority charge carmiers are not allowed to ¢ross the junction
by the potential hill under ths reverse bias condition,

Clear Plaslic

i

== Bl N

_~
(a) (b}

When hight falls on the diode surface. additional electron-hole pairs are formed. But since
the concentration of majority carriers 15 much greater as compared to that of minority carriers,
the percentage increase of majority carriers is much smaller than the percentage increase of
minority carriers. Ilence, we can neglect the inerease in majority carrier density and can consider
the radiation entirelv as a mnority carrier injector: These injected minonty carriers diffuse to the
Junction, cross it and contribute 1o the additional current.

Thus under large reverse bias conditions, the total reverse current 1s given by
I =d+dy
where /_ 1s the short circuit current and 1s proportional to light intensity.

Light

With anv bias I, the reverse current duc to
thermal electron-hole pairs, ie., dark current is,
given by

_ Felm k¥
I, = Iy(1=*/n4)

Ience. the volt-ampere characteristic of photo
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diode 1s given by
E= Is + I(;- (1= (’Ve & kT_)

where 1 1s equal to | for Ge and equals 2 for Si.

The volt-ampere characteristic curve of a photo
diode 1s as shown in Fig. 56.2. From the curve it 1s
seen that

(1) the current ncreases with mcrease in the
level of 1llumination for a given reverse voltage.

(77) only for the dark current at zero voltage the
current 1s zero.

2
2000 Lumen/m
=<
E
5 Lumﬁl"“'mz
d 1500
= |
)
11
5 ;
O 1000 Lumen/m
Dark Current
L

Reverse Voltage V—
The photo diode finds extensive application in light detection systems. reading of film sound

track. light operated switches, high-speed reading of computer
punched cards and tapes. | J@,

Q: write principle, structure and construction of light emitting diode.
Ans:
A light emitting diode (LED) is a specially made forward-

biased P-N junction diode which emits visible light when
energized.
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Theory

g When a junction diode is forward-biased, electrons from #—
siae and holes from p-side move towards the depletion region
and they recombine. Durig this process. energy
1s released because electrons make transition from
conduction band (higher energy level) to valence
band (lower energy level) [1g. 56.7].

If £, 15 the semiconductor band gap. then the

5 he
energy K, = hv = 5 is emitted n the form of ra-
£ ("

diation. The corresponding emission wavelength 1s

given by

In case of Gallium Arsenide Phosphide (Ga As P),
band gap £/, = 1.9 ¢V, and we get

he  6-62x10* x3x10° :
1w 6:62x 227 m=653-3nm(red).

;ll'=-: = 1_:|
E, 19 x1:6x10™"

CcB 1: ,:
19
- Y Lab\
Ex erlments
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Construction Metal Contact (+) Metal Contact (+)

AL first an N-lype layer 1s Emitted light
grown on a substrate and then \ ? T T T T T 1 ? T
a P-type laver is deposited on it =
by the process of diffusion [Fig &
56.8|. Metal contacts (Anode)
are made at the outer edge of the
P-layer so that more upper surface
15 left free for light to escape. For

Holes

making Cathode comnections,
a metal film (preferably gold)

—+f» 0O
—1» 0O
e— > 0O
& O
—+ 0O
— 0
e— O
e— 0O
e al®

15 coaled at the bottom of the N Electrons

substrate, This lilm also reflects

as much light as possible to the Metal (Gold)
surface of the deviece. film {(-)

Ga As P LED emitsred hight
when forward-biased [IF1g. 56.9
(a)]. Fig. 56.9 (b) shows the schematic symbol of LD

>
B s
Zr
O+ ’ I _O
|}
#1=
(a) (b)

Q: write principle, structure and construction of light emitting diode.
A solar cell 1s basically a P-N junction diode which
converts solar energy (light energy) into electrical energy.
In principle. a solar cell 1s nothing but a light emitting
diode (LED) operating in reverse.
Common matenials for solar cells mclude silicon,
gallium Arsenide (Ga As). indium Arsenide (In As) and
cadmium Arsenide (Cd As). The most common 1is silicon,
For silicon, the band gap (the energy necessary to transfer
an electron from the upper valence level to the conduction
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band) 1s 1.12 ¢V. The maximum theoretical efficiency
of a solar cell depends on this band gap. For silicon, the
maximum efficiency is 22%.

Sun light

Glass \~

Metal Ring —»

®

Metal Contact

(a) (b)

Construction

A solar cell consists of P-N junction diode made of Si [Fig. 56.13 (a)]. Fig. 56.13 (b) gives the
schematic symbol of a solar cell. The inward arrow indicates the incoming light, The P-N diode is
packed in a can with glass window on top so that light may fall upon P and N tvpe materials. The
thickness of the P-region 1s kept very small so that electrons generated n this region can diffuse
to the junction before recombination takes place. Thickness of N-region is also kept small to allow
holes generated near the surface to diffuse to the junction before they recombime. A heavy doping
of P and N regions is recommended to obtain a large photo voltage. A nickel plated ring is provided
around the P-laver which aets as the positive output terminal, A metal contact at the bottom serves
as the negative output terminal.
Working

The working of a solar cell may be understood from Fig, 56.14. When hght radiation falls on
a P-N junction diode, photons collide with valence cleetrons and impart them sufficient energy
enabling them to leave their parent atoms. Thus electron-hole pairs are generated in both the P and
N sides of the junction. These electrons and holes reach the depletion region I by dilfusion [Iig.
56.14 ()] and are then separated by the strong barrier field existing there. However, the minority
carrier electrons in the P-side slide down the barrier potential to reach the N-side and the holes in
the N-side move to the P-side [Fig. 56.14 (b)]. Their flow constitutes the minority current which is
directly proportional to the illumination and also depends on the surface area being exposed to light
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(a) (b)
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w
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The accumulation of electrons and holes on the two sides of the junction [Fig. 36.14 (¢)]
gives rise 1o an open circuit voltage 1” which is a function of illumination. The open-circuit voltage
produced for a silicon solar ¢cll is typically 0.6 volt and the short-cireuit current is about 40 mA /

¢m? in bright noon day sun light. |
Characteristics

Tvpical V-1 charactenistics of a solar cell,
corresponding to different levels of illumination
are shown n Fig. 36.15. Maximum power outpul 15
obtained when the cell 1s operated at the knee of the
curve.

B0
150 mw/em’ Max. Power
Point

60
E Fd
E 100 mw/cm
540 -
E 2
o 50 mw/cm
|
=
=20 1
'e)

1 1 1
0 0.2 0.4 0.6

Output Voltage (Volts) —=
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Relation between Load Current and Load
Voltage —

AII Lab

Holes and electrons produced in the junction

region arc swept to the p-type and n-type sides. s

respectively, as shown in Fig. 5614 This )( erlments
produces a current /_ across the junction and ;
also acts to charge th p-region positively and /:'

the n-tvpe region negatively. Ience 1if there
arc no external connections to the junction,
this forward bias causes a forward current

i
o/w/ljndcr this condition, the forward current just balances the current /.. When the
10 ” type sides are connected externally through an electrical load (Fig. 56.16), a portion of I,

P the external circuit.
ﬂows Light energy

POt il

1'“”"!‘- D R VA< E
et | O3 i
| N R, vV,
| Electrical
i energy

Q:Explain the contruction ,operation and characterstics of schottky diode.

A metal-semiconductor junction diode 15 known as Schottky Diode
Construction

[t consists of a junction belween a metal (like platinum, gold. silver, tungsten ele.) and N-type
doped semi conductor. The most common semiconductor material used 1s silicon. GaAs can also be
used which has lower noise and higher operating frequency. Schottky diode has no depletion layer.
Fig. 55.27 shows the diode and its schematic symbol.
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Operation

Metals have a work function which s defined as the minimum energy required for an electron
to escape into vacuum. It 15 the energy difference between the Fermi and vacuum levels, For
semiconductors, the energy differences between vacuum level and the bottom of conduction band
1s known as electron affimty. When a junction 1s formed between a metal and a semiconductor.
the Fermi levels on both sides get aligned and a barrier (to electron flow) 1s formed due to energy
difference between work function of the metal and electron alfimty ol the semiconductor

X e
\ s ON N-side -have lower -
d“‘ (pan electrons in the meta]. Heiice
¢ utrons o the semiconductoy gjq, |
¥ ,surmount the junction barrie,
‘;ho"k y barrier) for going qyer o
( i
when the diode is fo-'“’afd-biased
o dectrons 01 the N-side gain enoug};
to cross the barrier and enter
j metal. Since the electrons plunge
iio the metals with very large energy,
ey are called “hot-carriers’. Hence the
fode is called kot carrier diode.

Q:explain tunnel diode.

It 1s a p-n junction semiconductor diode in which the concentration of impurity atoms is very

large in p and n regions (= 10%%m?). The width of the depletion region A B
is very small (= 10 *m). Since the depletion region is very narrow, @ & e

electrons are capable of tunneling through from one side of the junction
to the other at relatively low forward bias voltage. This phenomenon 1s
called tunneling. This type of diode is called Tunnel Diode (Fig. 58.36)

The Volt-Ampere (V-I) Characteristics

The V-I characteristics of a tunnel diode are shown 1n
Fig. 58.37. When forward voltage increases from zero. the
forward current quickly reaches the peak value I, (point A)
at a particular low forward voltage 1. When the forward
voltage exceeds the value I | the forward current decreases
and reaches a minimum value called valley current 7 at valley

Fig. 58.36




Analog Systems and Applications [Quick Notes] https://alllabexperiments.com

voltage I, (pomt B). The region between the peak current /,
and the valley current [ 1s called negative resistance region.
When the forward voltage 1s further mcreased bevond the
valley point, the current increases again as in ordinary p-n

Negative
resistance

I region
It
P § C
Valley
<+« Yy Iy 5 point
Of Ve Vy Vi

Explanation. Forward current in a tunnel diode 1s the
sum of two components due to two different mechanisms:

(f) Normal injection current : It arises from an external voltage which reduces the potential
barrier across the depletion region and allows current to flow due to majority carriers in the
conduction band, It is shown by dashed curve.

(i) Tunnel current : In a tunnel diode due to heavy doping, the depletion region 1s very
narrow. It results in a very high electric field across the junction and allows carriers i the valence
energy band on one side of the junction to “tunnel” through to the conduction energy band on the
other side of the junction without overcoming the potential barrier. The increase in current from
0to its peak value /, (at A) at a forward voltage I', is due to tunneling phenomenon. The normal
injection current 1s negligible at this value of forward bias.

The application of the forward bias beyond 1", reduces the electrie field strength because the
depletion region becomes less well defined due to diffuston of carriers across the p-n junction.
Consequently the tunneling current decreases. Thus current decreases with increase in applied
voltage between the peak pomnt A and valley point B. It causes a negative slope i the I/ curve and
the tunnel diode exhibits a negative resistance property.

I forward voltage 1s increased beyond I” , the tunneling effect ceases and current rises because
of injection currents as in any ordinary junction diode,






