( SEMICONDUCTORS ) ("p-n Junction Diode )

EXTRINSIC SEMICONDUCTORS :

: INTRINSIC SEMICONDUCTORS 4

pn junction

pregion / n region Depletion layer

o Impure semiconductor ® Pure semiconductor Due to diffusion, neutrality
e When pure semiconductor material is mixed with small amounts of certain specific ® At absolute temperature (OK) of both N and P type semiconductor
impurities with valency different from that of the parent material, the number conduction band of semiconductor is disturbed
of mobile electrons or holes drastically changes. This process is called doping is completely empty and the
semiconductor behaves as an A layer of negatively charged ions
on#n, ) insulator. appear near the junction in the p
enxn=n; + | Impurity | = | Extrinsic sc crystals and a layer of positive

® As temperature increases,
the valence electrons acquire

ions appear near the Junction in

potential

thermal energy to jump info the _ n crystals
EMDLES conduction bagr?d e Depletion region his | is called depletion |
( due to breakage of covalent bond) p region / nregion This layer is called depletion layer
© when they leave the CB they leave (= —#) i X .
behind the deficiency of electrons °-—© 1) The fh'cknegs of depletion layer is
Intrinsic > Pentavalent N N type E—— A, in the valence band. o—0 ; "“I“/C,’c'j‘;';‘:flg- rI“T’ | 1
semiconductor Impurity s¢ semiconductor| ¥\ Impurity = | Ptypesc o This deficency of electrons is ®—© ) Width of depletion layer Doping
1) Majority charge carriers - electrons B Al GalInT Kivown a3 HOLES ox: corter -0 3) Depletion is directly proportional
2) Minority charge carriers - holes e ° n=n.=n, -0 to temperature
3)n semiconductor is electricall ) MF"OWTY charge carriers - i o (Thermally generated free clectron) ( om 4) The P N junction diode is
ne:ZrE:I (::lof :e aﬁv‘:’j c:ai e:j ;l Y 2) M'"°”W charge. carriers - electrons o ©—® equivalent to capacitor in which the
gt y g/ 3) P type is electrically neutral ’{ancl depletion layer acts as a dielectric

: J

(not positively charged)

4) Donor energy level lies just below the
conduction band

4) Acceptor energy level lies just above T e s N \_
the valence band -5 - . u

cetron vacancy)

Barrier potential Diffusion Current-_
Due to flow of majority charge carriers
The potential difference created g"if“; Cl%rl'r'enf £ minority ch .
across the P N junction due fo ue to flow of minority charge carriers

Stor Ge @ siorce diffusion of electron and holes
is called potential barrier

For Ge,V, = 0.3 V Symbol of p-n _Pl>|_
For si V, = 0.7V Junction Diode

¢ «— ¢ Unbonded 'free’
3 . ---electron donated
by pentavalent
(+5 valency) atom

S

°
[ \
- “ BIASING ', BREAKDOWN VOLTAGE U )
— ) The reverse bias voltage at which breakdown of S.C u
k Forward biasing ) occurs Eg:- Ge 2.5V , Si 3.5V I |
E [ Zener Breakdown \ [ Avalanche breakdown O
! Vr (V)
. Ve = 0.7vols (V) . ; : = At high voltage, more minority
p-side is connected to ) p-side is connected to lower . :;Z::::e::: :‘:csﬂ“';";gf dlf:t the charge carriers are generated a
higher potential and n-side Cut in voltage or knee voltage potential and n-side to raidremius i due Yo breakage of covalent bond
. is Th If T wh'ch cul nt . . Juﬂctlon also increases. 9!
to lower potential. e voliage a 1 curref higher potential. by collision of electrons P
Forward bias opposes starts to increase rapidly. Width of the depletion = AT some stage, electric field becomes = Thus more number of charge
the potential barrier. It is equal to layer increases. so high it can break covalent bond at carriers are generated. A chain w
In F.B, width of depletion V? For e V, = 0.3V, No current flows through the junction cl:ela'ring' minority charge @ o reaction is egrablished 'giving rise
region decreases. SiVy = 0.7V the junction carriers (e - hole pairs). to even more collisions, thus m
If the applied potential, DYNAMIC RESISTANCE due to diffusion of majority carriers. = ® Thus a large no. of charge carriers creating high current. ’
V>V, a forward current R = AV A small current inthe order of pA exists are generated. This causes a large
\ is set up across the junction. ¢ = AT due fo drift of minority charge carriers. ) Q’""* flow ) k w
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% wave rectification-1 Diode (( - ((_ (( «  decomponent \

‘ — ® °

Rectification

) i . . .
full wave rectification-2 Diodes o Rectifies half of the AC wave : *4 Dlode; & full wave re.chflcahon p i L
Z e In Positive half cycle,diode is forward biased ! ® Oufput is taken from diagonal where both ac g ¢ SR ac
@) _ and output signal is obtained : the terminals are A5°’“e & T
Transformer x ® In Negative half cycle, diode is reverse biased, ; — . . °
output signal is not obtained. 1
< : AC Input
It uses a center-taq| £ 5] bueto i e to | Due to | o E t
L': gt T B Y Transformer d §: DD‘l | DD,t DDV' | DD;' a \/ \_/
2 Eosssss ! Diode 1(D,) 2 | | L -
E z INPUT ac g 3 | t 5 g
2| /5 - X Rectified output S8
w A . o Positive half cycle diode: Filter circuit
o g = M ——————— Diode 2(D,) R. Output Di- forward bias D2-Reverse . .
£ S R biased e Converts rippled DC' into pure DC Rectifier Filter
— & 1 : = Y e Negative half cycle, diode: Di- ® Using parallel capacitor method or AC —— Rippled DC ——> Pure DC
k s/ * N\ [ K by series inductor method
>

Vt k\ reverse bias Dz-forward biased \
SPECIAL PURPOSE DIODES
Representation H >.I_—. 4
’ Representation v 77\7\& %\7\4’“’

o Heavily doped p-n junction diode 7\&1&3\&11‘/

\\ J

® Cannot be damaged by high reverse current Representation Top —Metallised

Always operated in reverse biased condition T surface finger electrode
e Can operate continuously without being || ] %\7\‘
damaged ! ] " . P
® Can be used as a voltage regulator (in the region O A o Heavily do.ped,should be connected in n
of reverse breakdown voltage) L1 forward biased . D ]
-sid n-side Spontaneously converts electrical energy into optical —
I (ma) e ° e:: N Y 9 P ¥~ Backcontact
M v ) .
special type of photo detect ® Recombination of charge carriers at depletion layer o Diode is unbiased
R bi ) e Special type of photo detector : . . iode is unbiase )
cverse bias orward bias e Connected in reverse bias C;:;ugl:so? sr:r:a::n:;:;::rr%z;fl:ritorleu::zminor_Elgtﬂ e Charge carriers are formed by breakmg of )
— @ p-n junction is fabricated from a photosensitive covalent bond when light falls on depletion region
conductor & provided with transparent window ® )\ of visible light ranges from 400-700 nm ® p side tfec°tmeshp‘;s"""rt n side becomes negative
® hV> E, electron hole pairs are generated due to ® To emit visible light minimum band gap should be ° a'/v;;?l :::er:a'; Iza:.l T: Czﬂf‘e cted, photocurrent T
incident light & photo current can be detected 1.8 ev : L

flows through load

— in external circuit ® Gallium arsenide phosphate (GaAsP) - 1.9 eV
(Red light)

12400 Where A is maximum value of

)\,(A)=W wavelength which can be detected by o Gallium arsenide -1.5 eV (Infrared) V.. (open circuit voltage)
‘ photodiode :
mA Y
Unregulated
voltage (V,) Jated
Regulate R bi L,
L}%ad Vﬁl}fge everse bias ™ Short circuit current
[ L I volts
Condition for working, V>V, V=Applied voltage ;2 uA
3

V,=Zener voltage
® Applied voltage will be divided between zener

ELECTRONICS
® Output is obtained from resistance R which is photocurrent increases with increase

in light intensity

connected parallel to zener
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TRANSISTOR ( l CONFIGURATION OF |~ /. N\ L ) REALISATION OF BASIC GATES USING
TRANSISTORS _._—_ A _F_LJ_‘_ NAND OR NOR GATE
It is of three types

et )y - — . 4 El > y A y
| —
: =AA <A veAiA <A
Input C output ::lD_Y. s VoA -
B o
NPNE
PNP Ij >

Common Collector — < A

N\
E e ¢ P i y A 4
Current gain ’Y - B 8
common emitter
It supplies a large number of majority

charge carriers for current to flow through s __L (A

P Y A

a fransistor. ] P 8 :D_@_‘ y

@

I Y=A. =A.B
Very thin and lightly doped. =
ry ghtly dop | N y=A+B=A.B
Input Output

It is on the other side of the transistor. I, A—DO—Y A Y -

I1' is a section on one side of the transistor.
It is moderate in size and heavily doped.

wl=]o|o|>
mlo|=|o|=
oo |o|x

Moderately doped and larger in size as Current gain B T Lt 0 1
compared to the emitter V. IR B 1 0 A+A=A  A+0=A
Volt in=-=-—S2-3-2 _ A+B=A.B L De-Morgan's law
Circuit ¢ oree gem VI IBRI RI Voltage ( C i :O-Ai ;? A.0_=0 AT=A_*§ ?
Emitter Collector Symbol b in<poVIe P _nRo _ 2R, TRANSCONDUCTANCE saured” inpu) 1A AAZO
- . ower gain = P, =V,T,= 'BR_XB'BK : . g1
in s ) +A=
. Output current  —
) Ve TC: = (Output \ J

ID
V: Input voltage
VO
v,

IR e - \

I=T+I, TInput Output

Action of n-p-n Transistor

emitter-base junction - forward biased
base-collector junction - reverse biased

| lo|o
mlo|=|o|w
o~~~

Forward bias of emitter-base circuit repels
the electrons of the emitter towards base

o _\_._l_'_\_._
Base is very thin and lightly doped,
so very few electrons (less than 5%) are

Loerc GATE who L1
3 > o P
neutralised by the holes giving rise to base - Y
current I @_‘
- B

Remaining electrons (greater than 95%) are Tnput Output

pulled by the collector which is at higher I,
potential. Current gain OL= I_

Vo IR, R

A — T
Input | Output " N e

The electrons are finally collected by the Voltage gain =

=}

m|mlo|o
mlo|=|o|w
o

Yo A s
positive terminal of V__ giving rise to Vi IR g ‘: ‘: )
collector current T . 2R,

c Power gain = P, =V, I =(L e VB : t: i

ELECTRONICS
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