11 o
» gl
oh.

":ﬁﬁroduction L ARCIOR . | "im
i e an n-type semiconductor are brought t¢
when,ﬂ?bf ¢he interface where the two types meet .iﬂg:., d -
pou™ gl p-n junction cannot be constructed merely by weldin,

A use ainst another piece of n-type semiconductor as this wi
mater® ;‘ a discontinuity across the junction. There are two p Y
- ting & P junction: (i) grown junction and (i) fused jun . inte
5 ghall not enter. The p-n junctions are created by doping «
ductor with acceptors and the other ‘m(‘_' o
‘hus a two-terminal device and is known as a junction diode. Mos
devices contain one or more p-n junctions because of its effective
the p-n junctions are elementary ‘building blocks’ of '
ike transistors, LEDs, ICs, solar cells ef

a
=

_l‘..‘

o]

o

single €
sunction is
Semi(;Ollductor
gs & control element. So,

Il the semiconductor devices |

3.2 Unbiased p-n junction

I a p-type semiconductor, holes are the majority carriers and in an 7
ductor electrons are the majority carriers. When a p-n junction is form
dectrons from n-region diffuse into p-region and holes from p-region
n-region due to the difference in carrier concentration. During the proces:
the electrons recombine with the holes in the p-side after crossing the jun
behind the positively charged immobile donor ions in n-region. The hole in
cross the junction to recombine with the electrons in the n-region, leaving E ehi
negatively charged immobile acceptor ions in the p-region. IR w. '
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3.7 Characteristics of a Zener diode o

A Zener diode exhibits almost the same properties as that of a p-n junet;

I-V characteristic of a Zener diode is shown in Fig. 3.11.
|

Forward current

Reverse bias
< v, :

Forward bias

|
|
|
|
|
-
Reverse current

Fig. 3.11 |-V characteristics of a Zener diode

The forward biased characteristic is similar to that of an ordinaxj
Under reverse bias, the I-V characteristic is similar to an ordinary p-i
up to the breakdown voltage. In Zener diodes, the doping is controlle
that the breakdown voltage is sharp and distinct. Beyond the _
reverse current increases sharply to high value which indicates that th
the diode is almost independent of the diode current in this region.
voltage is known as Zener voltage V; and the corresponding cu,r
remains constant even when [ increases 1 mﬁ __

R

. Clearly, V. levice o
L., CACBEIY: 4 ful as a voltage regulator device or ref

Jiode extremely use

i
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The umegulated dc supply volt
that the diode operates in )
oonstant output voltage Vo = V. across the Joad T
V; or the load resistance i, may vary over a
be the supply current and the load current re

the KCL and the KVL 5.

we get, bY applying

' [=1L+11
v,=Vi—1 R

Vo= Vol I R
The output voltage Vo may be varled (i) by va.rylng the«il ad resis
(ii) by variation of the input voltage -
(A) Load regulatlon——In this case, the supply voltage V; i8
the load current Ir 18 changed by changing Fr- For an id ea,l \

AVz::{)andAV,--O
AI=0

Eq. (3.8.2) gives,
AI,, 1 ALp= 0, using (SN

AL = Al

creased keeping the st

Thus, if the load resistance is in
al increase in Zener Cu

load current decreases with an equ

remains constant at Vz.

v°1'$g ‘I;iue l‘e‘gulationé——When the loa»d‘ resista.nce'-ﬁzg is
| . is varied, we get from (3 8.2) | o

——— AVi=ALR AimE

Vo= 0 and 1, comtant. o ca.m

i AV, = AV = 0 and I, is const
o A=Al

| & s = - i
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3.9.1 Light Emitting Diode (LED)

abbreviated as LED) is a special type semico

Lieht emitting diode ( ) o ndyes:
jufction diode which emits light under forward biased condition. Cling
i ' Metal
Metal ; Emitted light A contact ) p 'I , )
contact (+) f T f i |
r I CB 00'< !
I

i "\%

o-——-———>/-—--——o i
+ = Y

(b)

N
P

Electrons

V.%:_.I

n
< Metal

Metal -
film (=)

film (=)

WCLL 61\{\\
I
(a) '

Fig. 3.13 (a) Construction of LED (b) Symbol of LED
(c) Electron-hole recombination and emission of light

| Construction—The construction of a typical LED can be followed from Fig. 3.13(a).
First, one n-type layer of gallium arsenide (GaAs) or gallium arsenide phosphide
GaAsP) or some other suitable semiconducting material is grown on a substrate.
F‘heu, a p-type layer of very small thickness is deposited onto it by diffusion so that
f;'ht energy may emit from the depletion region after travelling a very short distance.
he.metal anode connection is made at the p-layer so as to allow niore surface area
v light 'emission anld the cathode connection is made at the bottom of the substrate
Li‘;f?dﬁwﬂihmetil ‘ﬁlm.‘ Most of the LEDs contain a domed lens that gathers and

siies light. Fig. 3.13(h) shows the symbol of a LED.

Principle i e i
Ission oflj., d-Of. working—The principle underlying the operation of a LED i the
adiation due to recombination of holes and electrons. When a p-TbjUnCtion

. F
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by
N pand &8P energy-: -
whe 1 ;}m‘ eSPO onding wavelength \ is given 'by:‘y..‘.’l‘-.«)..> :
) he i
i ( = C / ).)

Jectrons from the conductmn o0

The dowuwru‘d ¢ransition ole
d subse uent emission O of photons due to recombination i shown i
mt.enSitV of emitted light depends on the nuinber of photons whlcb n tu
e qumb of recombnmtlon that occurs: -
for G sP. the band gap energy Eg = 1.9¢V. So we have
he 6.62><1"”x3x10 £
- — =TT ol —6533A red&ﬁ
Eq 1.9 x 1.6 % 10~ L '7.
Uses and advanlages of L, ED—The applic
gome of the USEs arc as under
1. LEDs arc mmainly used signal Jamps an
calculators and multimeters: in t

TV remotes, in
fibre connnum

red LEDs are used in opticnl
als are ogsential.

known as

9. The infra

where yvisible signéd
3. LED can also be nsed as a laser,
Advantagesf—LEDs have the fo

filaments.
p power for thei

100,000 pours)
heap it pnc& 5

1. LEDs consunic relatively muc I, smaller
lso quite long life span (~

2. They have al
e and €

3. They are very fast in action, gmall in 8%

able to €

4. They are avail it light of all colours:

et S ot o Jo o b (‘ﬂ“
PP Y fha‘tm. _; ;
: i
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(@) 3
Fig. 3.14 (a) Construction'of solar cell (b) Symbol of,da',' .

and Fig. 3.14(Db) gives its symbolic representation. The upper electrode
the form of a ring or a grid with fingers so that sunlight may easily
prevent the loss of light by reﬂection the upper surface is coated by

completely covers the surface. Both the p and the n-regions are hea ;
a large amount of photovoltage. '

Principle of working—The schematic diagram of a p-n junction s |
load resistance Fy, is shown in Fig. 3.15(a). Since the band gap for sili
photons of sunlight incident on the diode, if absorbed, can produce elect;
in both the p and n-side of the junction. The electrons and holes '-p :
depletion layer reach finally the depletion region W by diffusion and & Te separ

Sunlight
<

(b (€

Fig. 3.15 (a) Incident photons (b) absorption of photons and creation of e-h -,

(c) deposition of charges e
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' mmmumcatlon equipments.

% They are used to power watches and

They are also capable of detecting
4 They are being increasingly used
 in an eco-friendly way, particularly
ooy ; e
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wave, it is called half-wave rectifier. The basic circuit diagram of 8 halt ’
is illustrated in Fig. 4.3(a).

B T,/% -
SN
d.c

maa}(r:ws Vi=Vpsinwt R oufput
/ [ Vo 4
—0 3 L 2 .
P2 SZ : =

(a) Half-wave rectifier (b) Wave forms of the input

and output voltages

on of arroysg (Fig, 4.3(a))

diode is reyerge biased, [y, (1. cycle, S, becomes neg

G ot 15 ative and Sy positive so that the
fol(: i Flg 4'3('3) shows the , ”‘? Output current and hence no output voltage,
bt L€ Input and the unidirectional pulsating output
1.3.2  Fup . o5 e
"WaVQ r .
Al Ty © tlﬁe
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R ,,,.,_ 4

{ , 5 ] .1. .”....
el LoD OOV

(@) Full

-wave rectifier AS .
ave fo
m;a&.ﬂuﬂ%

Fig. 4.4

EB& D, is reverse biased. So. only the diode D; conducts curren
ad resistance Ry, from E to F producing an output voltage Svﬂrﬂm. =
.—usnne half cycle, Dy conducts and D; remains off. In this ca
also in the same direction i.e., from E to F. Since the load currer
the currents gao:mr D, and Dy, an unidirectional current ﬁ:.ocm
Ry is obtained by utilizing the full signal and the above circuit

rectifier. The wave forms for the input and output m_mnm._m are mW@

(ii) Bridge rectifier—The full-wave Boﬂmmn o:oEe co h
amanged in the form of a Wheatstone Bridge ‘network, Hmﬁ W
._._E rectifier is widely used in power circuits and rectifier type a
of the bridge rectifier is shown in wwm 4. m

vv‘VVVY'

5808800000800
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