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Brief History of Electronics

T — e — T RO ———— ]

Im science we study about the laws of mieture and Bs verifcation awd o echnalopy, we sidy
the apphcations of these laws rm human naeds.

Clectronivs is the scierce and 1echoolopy of Uw passepe of charged particles inoa pas or vagunm
W Semiconduclore.

Before electrome engineering ceme inte exrstence, edectrecal engineering Huerished. Elecinical
engmeerang marnly deals with motian of eleciznns an metals anly, whereas FElegtronic engincening
dezls with mation of charwed papicies (electrons and heles) in metals, semiconductors and alse m
vacyum.  Anather difference is. in glecirical engincering 1he woltages and currenls are of very
Righ-kalowolts, and Amperes, whereas i e lectronic @wgirering one deals with few voltz and mA. Yet
ancther diffyrency 15 in ¢lectrical engineering, e Treynensies aof eperacnn arg 30 Horze'al Hertzs,
whereas in electronics, it 15 KHes. Mz Glles, Chigh reguency ),

The begrmming for Electremcs was macde in [, when H AL Lorem? posnilated the exisgence
of diserete charges called efecivans. Two years [aler 1) Thomsan proved the same experimentlly
ice 15597

M fime same year, Bragn built the first iube, hased on the motion of electrons, and called j1
Cathode ray tube (CRT).

In 19M, Fleming invented the Yacuum diode called "valve'.

In 1205, & semicomdusiar diode was fabricated bot they could ol succeed, in making it work.
o, semicunduciur lechrmology mel with premalene death and vacuom wibes flowrghed.



In |90k atseld. De Forest put athird elzctrode into Fleminge's diode snd he called i Friede. A
small thange in zrid volage prodoces laroe changs in place woltage jn this devigg.

In 1912 Instintte of Radic Eagineering (IRF) was se1 up in L1SA e take care of the technical
interesls of elecronic enginegrs.  Before that, in 1884 Institime of Electrical Fogineers was
Formed umd in 1967 heth institetes merged ing nhe association called IEEF (Iastituce of Electrical and
Flecoeanic Engingers|

The firs badin Droadcasting stalion was boilvin 1240 0 US4,

In 1930, Black and white Lelevizion trensmission started in US A,

In 195, Coleur television broadeasting was stared.

Toe etectronics Industry can be divided ince 4 categnries :

0o [ic s Tawaiatorz, 10, B, L, O sompongnts

Commueicatiang Fadin, Televisine, Telephoaw - witeless, Tand|ise cormmumcaiions
el © Industrial elecironics, corteal systems

Lo pLikaLion Aot

Vactunm Twhes rulal the elocironic Teld Gl the snvention ol fransstons. The ddTicalee wah
vacuaun tubes was 1 uenaraled ol hen The filaments wes heated 1o 20007 k. so thal elscion
erizsicon [akes place. The Olaments pet bumt and tubes cooupy lanie space. Soin 1945, Solid Stals
Phirsic: group was fotmed 1o invent semiconducior devices 10 Bell Labs, LA,

Mujor milestones in develapmend af Eloctronics :
TRGS - H. A Lapand? - Postolyred esislgsee gl Elerirons
18587 . LFE Thowpsom « Prowed Lhe same
904+ Fleming invented MYcuw Thade
)G : Dhe For=st developed Troode
1920 ;. Rashio Brnadcasting in 1154
1930+ Black and Whpe Television Trapsmisgien in 1S A,
1947 Shockley - invented the junction transistor. (BJT)
(950 Colour Television Transnmssion starad in D5A.
1959 Inteprated cirouil concept was anmounced by Kilby al an IRE convention.

1969, LS|, IC - Large Seale Idegration, with moes than 1000 bul = 10,0060 componams per
chip fintegrated or jpined 1ogether), device was announced.

[96%: J5] L0 - 100 componentsschip, LOGIC GATLES. VRS weme developed.

L970: INMTEL proup announced, chip with 1000 Transistors [(30034m)

1971 : 4 kit Microprocessor was made by ISTEL gmoup.

975 WEST - Verw largee scale imiegranion = 10N components par chip, 105 were made.

1995 CHMOS - Complimentary High Matal Osde Semiconduetor 19s werg anwiumeed by
IMTEL genup.

75 WS TMuitiplenwm. 4 ddresey LOG - 1000 componentedetip was developed.



1974
[DRG:
0¥ -
| WED :
19R4 :
1985 :
LSRG :
1987,
1CHEY
16M0s -

o0z
[90%
2007 -
2402 ;
20003
2004
MG

LEI & bil microprocessors 1pp). ROM, BAM 000 - 10000 cornponeniz‘<hip
V151 = 10,08 cnmponentsichip, Ex ;16 kit and 32 bit wPs
G bl wp = LIODD compoanents chip, Ev o ba bir and 12 kit 1Ps
ACWILAIGY Transisiors, RHO2EG] way déve nped

CHYOS = LN compnnenssichip Fxo: 16 RiE and 32 hit pPs
AR p A4S0 compangnsschip B Té bieand 32 bit pPs
Bd bitpp > 90000 compancrtszhip Ex 14 bit and 32 kit uPs
MMICS banglithic Microwave Integrated Circuics

1560 lmvel's &4 bit CPL develuped

L'LS1 = SO00H0 ] ransistors; UHma Large Scale [olegration

5l - 1RO Transastors; Giant Scale Inesration

3 miflion Tranaistors, (Peolfium serics)

IMillion GatesThe

4 hnllon Cianes . [hie

| Lapabnl Memory Chips

4 pamomelsr patterns. bng width

Commercial Super Compter 100, Flip Flaps deseloped,

Mewtg - Coapyier Tising Lngic Sjeucture Besed on Human Brain likely

Still Yuture s smperior, There are 107 collsfem? in kuman brain

Drevelopueent ol YLS Tecienology

1 Technalogy
l

0.5 p Tevhnelogy
i

0,12 p Techoobogy

ASICE {Application Specifie [nregrated Cirgnits)
HYBRID IC=

BIC W08

B [0l Chip hlogd mles)

30 pachages



Tahle showing predictions made i 1995 an VEST Techuology

1995 1998 2001 20049 207

Lithugraphy {p) 0.35 (.23 018 0.2 Q.]
No, Ciates e - SO0K dM SM [CRY 20M
No. Bits:Die .

Dram A+ M 18R 1G 4G 16G

Sram & M 6dN . 25%M 16 4G
Wafer Dia (mm? N0 H-400 -0 400 400
Power (W Die 14 ol | a0 0120 | 40-200
Power Supply. V. 3.3 2.2 ' 2 1.5 1.5
Frequency MH2 100 173 | 250 350 5¢G0

—— - ——




In rhis Chapier,

#  The path or trajectories of electrons under the influence of Electric Fields,
Magnetic Fields and combined Electric and Magnetic Fields are given.

L] The Mathematical Equations describing the Motion are derived.

#  The Practical Application of this study in a Cathode Ray Oscilloscope is
also given,




'l Electronic Devices and Circuits

1.1 ELECTRON DYNAMICS

The term Electron Dysamics refers to the analogy between an electron under electric and magnetic
fields, and a body falling under gravity. ITashell is fired from a cannon, it traverses a path and falls
under gravity. The motion of an electron is similar 1o the trijectory of o shell. In this chapter, we
stwdy the motion of elecirons i electric Nelds and magnetic fields, First we consider only umiform
electric fields and then uniform magnetic fields. parallel electric and magnetic fields and then
perpendicular electric and magnetic fields.

The radius of an electron is estimated as {0 mefres and that of an aem as Jo7'?
metre. These are very small and hence all charges are considercd as Peinty of Mass.

The charge of an electron is 1.6 x 100" Conlombs. The mass of an Electron Is
S0 x 10+ Kps.

There are two different tvpes of Efectron Madefs.

1. Classical Muodel
2. Wave-Mechanical Model.

The assumption that efectron is a tiny particle possessing definite mass and charge,
ix the Classical Model, while the assamption that electrons travel in the form of waves ix
called the Wave-Mechanical Model, Classical Model satisfactorily explains the behavior of
electrons in electric and magnetic fields. For large scale phenomena, such as, electron
transaction in o vacuum tube Classical Modef gives satisfactory results. But, in the subatomic
systems, such as, electron behavior in a crystal or in an atom, classical theory results do not
agree with experimental results, Wave-Mechanical Madel satisfactorly explains those
phenomen.

We shall now consider the trajectories of electrons under diffzrent conditions.

1.2 MOTION OF CHARGED PARTICLES IN ELETRIC AND MAGNETIC FIELDS
1.2.1 The Forcre ox CHARGED ParTicLES 1IN AN ELEcTe FieLn

The force experienced by a unit positive charge at any point in an electric ficld is the electric field
inbensity ‘" at that point. ts unils are Vim

For unit pusitive charge, force= | = & Newlons.
.. For a positive charge 'q’, the force, F=q =&  Newtons
where F iz in Newton's, g is m coulombs, and £ in V/m
But by Newton's Second Law of Motion,
F = mxaand F=q=E

dv dv
H — = w B = —
sl b, S = 8
By solving this equation, the trajectory of the electron in the electric field can be found out.
¥
£ = =1 1.1
4 { )
For accelerating poteniial, considering electron charge as ¢,
F & =@ XE

In this case negative sign indicates that force is opposite to the direction of E.
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Let A and BB are v honzontal plutes. separated by distance *d' as shows in Fig 1.1,
1.er ¥ he the applied polential. e dirrction of

elecrrin fiefd is alweaes from positive lo gegative. 5o in A + *
thiz case it is acting deswrwards and 5 ¢ = Vid. The d 15
electrn: tield will be unilorm if %" s the same. Suppose B ¥ _

an electron is present in the electric Dield and it is Jesined e
i esligaty s iraEclary
l.et the imitial velneiy = v and displacemant = g, be, abt =0 v = v ¥ =1,

Fig 1.1 Direction of electric ficld,

According 10 Hewton's Jaw,
F=m=a ad F=g=»t
e x = m+ajconsidering only mupnitude negative sign is omilled )

XL
e L R (12
£. mand by assumption & arc ¢onatent.
C = Llectric feld solensiry

& 05 eopstapt.

&y CXE dv o
e [- a= TR vETOEIDy i1 e )
BT
Iotegraling, ¥ = A L cimestant.
AL [=hy=yv,
W, = gonglant

Theretore, expression for

Exu
L = - :-c|_+'..-|_|“-'1'”=:|1
W = %, +af
d
m S TR P 1 B
By Iniegrating again,
2
5 = 'I-',:,' . p + ConstEAnd
Al 1= 0, & - %, ~conslans.

ar?
o= vt — oy

a

1

x = :'-:,:,+'|.'|:,T—%. .......... (13}

This is the expresguen fnr x of the trageclory of the ¢leciron at any instant of teme 17
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This is wnder the gsaumpmion fhat geceferation is constam o clociric field £ is constam
{unifomm electre field).

Some solved nunscrecal problems ame geven here, which will gxplain the trajestory o the
tlecirons imenms of mulhemalical equations.

FProffem |, f

An glectrun star al rest on one plote of 2 plane parallel capacitor, whose plates are 5 cm apart.
The applied vollage s 2ere ol the instant the eleciren is released. and it insreases lineacly oom
0o ke in G omoseg.

I
3.

Sofurian
1.

2.

if the wpposile plate 05 mesitiva, whal i the apeed thar the eleciran ahtalng in
0w e’

Hherg will i he ot che enif oof Ty eime ?

Hittr what speed will the elvetme aeike the prssive plate 7

[#
The voltage epplied is 3 rapap volrage. Wis increasing lingayly
LS
Atany instant, " vallage applied - Tx [ Fig 1.2% 2 : T
oo Llectric field intensity ac S0 nsec is, Fig 1.3 For proffem 1.4,
LA 1o : p AT
L - —*x= - = = =D e WMV
d T sm0? oy R
&
— = LT i VOl
m

CHE e )
a= — =LMoo Y2 e LYy = 382 = 0wy pwsec?

. L 152105 .
Nubocity v= Jadt- - --::;—— —o = L6 = 10 w12 inftsec
i P
A b= 5Un.sec. v = 4.4 * 10F misec
L duel
1 Pax |0t ; .

X = {I‘-“ dr = AL =587 = W%t v = velosity
A1 L= 5% 10 sec.

x=T.32 = [0 im=0732cm.
To find the speed with which the leciron sirikes the pasitve plats. thetime that it ks

o reach e positve plals s,
Xx= 38T« 10 m

NE L.
« W Fpa0s

ER 1L, | 3aT ')
= 170w (@ = |76« 03 (Ddh . | "]rz = 1.58 = TP misoe.

-6 ~ 10 sec
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|

1.2.2 POTERTIAL

& potential of % wolis at point B with sespect o point A, is defined as the work done in aking unit
posilive ¢haree lcom A Le B, aesinst the eleciric {aeld.

a — Acceleratien. £ — Electne Field Strength in Vim

CAE

a — -—— considering negative sipn for wn electean.
m

dy oML

di m

duo = v x i

Bultiplyme the sbove expression wih dx and then integrating ren beth sides, we gei

M I e L Yol v
[-— d» - - & ds -~ Covds fixvdt— [v d¥
I (T m R ) 1)l v
LY

The imegral ;| & dx represents the work donc Ty he figld in<ar ing enit pasitive charge
v

from . box.
h
Ky definionn, v =- | £ dx
bl

e '
eV -m T

#V = (Aalxm=| 1.'2—1.'|:f.:]
The energy ¥ 15 expressed in Mules.
Force experizniced by o 2leclron
F-wmaxg
mrBE ©F
The Equation of Madion iz,

2
d

m o -'.lf-t:-ci:
di =

di = I

v CmE

" =1+ constant (L
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Al -0y~ v-1{

constant = (b

dy  ex

dt i m
2

eRE T

o —
2

¥ = +i C. i alsa 2era

m

3
gHEM |
y= ———— e 1Y
arn
Chis in the Fauation of Matian.
What is the Franasit Frmee x 7 [0 iy e time taken by the electron 10 travel a dystance *d”
berweeh flie plates, Aft=t v =d

-
R M

d- =7
2ni

e .
1- y — £ - ¥l whire ¥ 15 the vollage,
K

I3

w I |,‘.|!

E':-"'r'.

. B . . . . .
Averape velociny — I since Lime = distance © velocity

Yism

1 = Distance ! Average Velncity. {Evenifweuse v =u - af

" Y,
ok T fdvial
i

axpressuon, we kel the sabe resul. )
Averags Velosily -
Y neitual — 0

¥ final
2

. _ Y _ Ilféi“-
Yipal = 2% Voerm N

What is the K.E aof the ¢lestran wien il reaches plate A 7
F.E = oy mye

Average Yelooite —

e E 1B

'rlﬂﬁ.tl"' Lo
L= - = —
\m o FT Y
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=1

-

1 . 2 -
TEXY CxF
K.E.—-;',ﬂ':]rm‘\i—J =|".-'3]m:-ct I]

| dxm In
But the cxpressiom fir y, the displaccment in the v-dircctinn.

LRE 7
vz 1
- m
2 4 I:'l -
N cE xR AET EEEH T
KE=(W)}ms ——=—— =guxgr —— —e =gy
M- 2
v
when v gET —
- d
. Y . .
hE=2=x il d=e.% BElecromw Yol
whtn W= 1 vnlis
EE=16=10" 1= |8 |0F'loles
or K.E = { % jmw
[2eea
Yhnd T YT g
gy
EL -({Al~m= — e ox W Tlevtron ¥l

m
IF b electron starts al rest, witlv imicial velogaly = 0 Lhen the Firal velogity v i= given by
VAR

[:h:x ‘r"]”’
-|||_ —
ni

Al

BRI LAt
g1
v o= 505 < HS WY misee
Thus af an eleciron falls thrawph 1%, its Binal speed is 593 = 107 mésec.
1.2.3 ELECTRON WOLTS
Jowile is fhe umit of cnergy in MECS systoms;, L owatt = [1fsec

] W ]

.

In electromnrcs, Joule aud even Enx iz a lavge unit 50 anothe wnit of cnerey, 6% electraon
volois defined. IF an electrom Falls thrcagh a poteneial of one volt, s energy is

[ eW=(Th= 10"y = 1Y)
[1e¥ =160 mles |
1.2.4 Reratins HETWEER E v Y (FIELD ENTEN:TTY Anp FOTENTIAL)

The definitioas of potential is the work dong inmovng unt positive charge from 10 . To pul this
n rathematieal farm,

L
Vo= — [ - _pxony)
0



B Elccironic Drevices and Clireopits

Mepratevg sign i v indicate thal (he work is done againgt 1he field. The iptegral gives the
work dune.

-V -y

T _
tox —"n:-]' “
Megdanve sipr i fol work dowe ona pasilive <harpe. azdinsl the Nefd. Foo elecirans (e
clecerie Field
E=+ wd
Bt this s true when % and “d™ are smell and % s uniform. IFY 15 ned uniform. incmemental
slvange i3 19 e considensd.
Wf

o
1.2.5% Twir THMENSIs . MOTI

-
m

Lt A and [3 e tweo parallel plutes. Ads ata pestive potential + %, with respect 1o 3 Let -d” be the
dugtiamce hetwaen the plaes Letar glecoren ender 1he phades at poat O with inmialvelocite v
Ll P U

S0 whan i e it ien ol the particle ? L i -
o= welaity in the & direchon " L A
The initial conoebinns e i} d
YT M Ea b J B
'..-T=I.'I'. ¥y=1 ar1=1

4 " Fig L3 Twe Dimensional mtion.
w, ~ i

Rince. therg i< age ferce i the 7 divectinen, accelaration in tha directivn is 2erg, so the
comprment ol weloCity in that direction semains constant.
The acceleratiomalong sdirection is afso sere. S velocily alane the x Jirection is vonsfant

Vi = Vo -+ I'here ws pa electriz lield along the x-direction.

dx -
I ~ g, G
e e 10
As rhe field is acting dosrward s, lera s cnastans aeceleracian glong v« dircerion.
' v, T4,
dy
1

RS H R

Fut a =-—and £ = -
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e
= 8.~ Tm
L
7 dm
-
Bur L= v
" 2 i’ [ﬂV 'S ]
=g« = Ax | T/
t 1"'I4:1_:lhi Am 1"'I-:|1
Probfeme 1.2

Two plane parallel plates are kept Smm apart. A sinusidal vellaee ¥ - 1.5 50wl with 8 mequency
of &l MM7 5 applicd hetwaen the plates Angleciean ps emitted tram ene plae when the voltage
of the ather ks becoming positive Find the maximom speed acquieed by the electron and position
of the applied AL voltape point when this vceurs?

Sl eufor
di:'l: _ ﬁ _ —E I'illmﬂx. QII'I'ISI_.‘.II
4! "m  m d
_ [.3 500
il
d LR T
B _F Ymax WU Lk
] " d i
dx
At t—ﬂ.m'ﬂlmdﬂuau}l'JI
£ ¥mae 1 _
m y ]
o _ i 1"'.|r|ﬁ:~i 00y mL i .":"n"ﬂx
. a  m d o om di
By inspecticn, thes 15 maximun when
Cos ol =—| araf + 1.
‘The maximum value of velocity is
dx —_-nE Vniax
ut m L)

o 2=1és10 Mg
Gl " w Ime B0 10" R o B0

= 178« 107 miae.
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Prablems 1.3
~ Anclectron starts at the negative plate of 3 planc parallz| plate zapaciar erass which 8 waltage
af 2000 % is applicd. The distance hobaccn tho plakes is 3 cm.
1. fow long hos the afeciran been fravelling when i cquires o speed of
107 mivpp?
L. Ao fur Fus the cleciron sravelled Dofore o acgnires s speed™
Y. what potential har the sleciran fallen through whor f acgeive this speec”

Suerinn
0y
1. F- i —y
€XRLTmME
LI
dt mo
20A '
v T Yiom e LA ! m— #1 = 10 kg
dy e
Tk [0 e,
t— 17
7 -1 -1
WX T 1«0 1=10 w3 ) _ m
f= — = - R - =8a3= 10 Yreg
CE | &= 10 % 20K
3 exg 12
' a7
Atr=R83= 10 Wgee
Vg L0 ™ 2 2000 2 0 855 107
}'=[d:|= T '_.. - _042‘95';“1
Gl w I3 0 =2
oo ) ano
J. Electric Field Intensity - - Y.
The elesiran has travelled & dislance of ¥ o = 042195 ems
" MO0k
TPoeeatial drop = L- 3 J x» D A2195 cm =281 .3 Vnlts.

Masian of an gleciron in unifurm retarding wlectric ffeld, when the fniidal vedociy is
HaRing an anple & with the field

Flate A s al negative potential with respect to plate Bas shoewoain Fig, L3, S0 s retarding
potential. An Electron wath itial velociy v, is making an angle 8, with the [eld.
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Ao ¥ 1]
v PR
i . )
. + wc
o —— - nwm —_— —_

Fle £.4 Retording vlectric fivid,

Froitial £ oneditians

aLl— . '.'_1='r'uli'.q1:=,ﬂ; v =, Sin y—1, n=A
! _ iy
£= = { hocausc W is —wo | ny . T&sE
d th-
d-s _ cTE dy  mxF c
' m & m P
Oy v, Los
dy nEE
- - wi+w Cus 8
di -
exE 1°
w=—x — +v CnpcHt+, Rut ., =t
m 2 n - -
EMEHE S "
¥ Im - Cos O S S . I
d’s
m=
dr-

Foree along 1he x directinn is zemo, since the chectron is 0 moving i1 -x direclion. However,
it goes up becunse nf the initigl velnocily.

dx . y
m =w =0 =y Hinid
W= v, 1 &inl}
Tafind ¥ 1he maximum displaccment inthe "y" dirgglion. At ¥E¥. VT 1.
. : S| -
The expression for v is v, = +v Cox
Lot ati=1t, ¥~ ¥,.
wo 'osh
t, - T—
A
| L
L m.
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Subsntute this yalue ol

= 2 T =
LxE voloste vy Co~—H
» - —
.

oo .
| | 1 : N
n e, ik |
s
a . M
Im
; =
. vplostH
Yo ¥
BeE
i

Eoon the mietial velocmy v be due b some accelerating potental W

2,
v, —
" 'l. m
E— ;’d

T {_'|:-'-.1E'

i .:r,.
P |
M = ST
Fig 1.5 Parabolic path.
Tor [ w,
Mt t=t.x=x7»"=
) = Ll
=% 0 S n= . .
| L E
(R b
—wplioadh |
X Vo o | sine
> o
h [4]] a
10 thess g Tug ity v e due 1o o e lraning gt nl .
_ I:E‘!_'I__! d . 1"_r.__.-'
»u—\I - an o=y
2o d.
Xy =t ¥p-9.m . RIn2d

e v
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ni

v
- T“ d Sinzh e 1)

The trapectory of the cleciron as as shown in Fig. |5,

¥y 15 e mmaximunm dizplavement n ke "y " direction amd x s e maximum displacement in
" dieection.
Prephlam 14

The clectron shown in Fug. |4 has an mibal velaeiy due te an enerey ot [0 eY, directed as shown.
P and Q are conducting phues. Find the potenial ¥ o be pluced on elzcirades P and Q. which wall
caust Lhe elecrron o reach puim I3

—e————— .-H-J-. - F

-Iﬁ:_!-"ll: I ——+
B
S T —e | ?
o H

Fig i.6 For problem 1 4.

Kerlrativm
Ty
X, = —1...5- xdx&Hin 2
W.o— 10 vole Sk, enegy oo Dey
Wo=" xm::r_\-n1 d=" H=]5

2= 25 e S o
Yo 10d Vislis

1.2.6 CoRREST DEMITY
M s deooted By I I is defioed v the varrest pec anbl area of the conducting medivm.

| -
Assmrnmg o wnilform el il Jo- 4 where 1 is ampim= and A g 1he

5.4 rmd).

e
But | - . where N s the otal number of gbec froms conifained in a condugtr of length .

1F an alectman takes @ time 1 sec to fravel & distanes of L m o the conductor, She faral
pmrler of electrong passing through any cross section of wice n wnil time i

Total Mumber of elecirems i a codueior — M
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|
The charge per second passing through any poind = TE
\ N
Hut rate of change of charge is corrent, 1= T
L
l- TA ST i I [ Iy

1is dhe Cwrrent Density in Amp @ m?
Distance [
But Time = m = ”
I can be replaced by %

Mew

o, =5

But L = A il vl ume ol fike conducior, gcomtaimme ™ elechons,

M .
T Lives Lthe elecinog concentralion — n an'll'll:l

Totl Humber of ¢lectirons 0 a conducior - ™
i.c.. clectronssm?,
)
T LA
-
Bt w = 2 — clargs densily in € oulombsm? = p

p the charee density is the electric charge in coulombs per unit volume ¢ m?
vis veloeiry in misec

Thus. n

1= s
He . .
[ = =" A =10Crnas seclional Area of the conductor
(o[
1=
L

A = Lo=walume of the conductor

= Electron Comcentratian rer nait viedlwme o
Aaxl e
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JEnagxvTpey v 1110

nw == harae Pensity poin Coulimbs m?
¥ = Yelocity an msec.
1 — Current Density in Amp'm?.

1.2.7 FimreE M a MacHETIL FiEwn

IT o comd witor of lenith L, varying cuerenl iy situaed in 2 magaetiv e ld of intensity B wbio” or

sk, e ferce Foactig, oo the conducior is

| F =Bxl«~L Nn:v.'tc-nsl ..........

Where T s in whinm”, 1 in amps. Loin meters and F is in Mewtons,

B 15 the magnetic field strength in Webers per unit ares [ m? §

In the abnve equaticn |8, assuome that | and B are perpendicular tn cach other,

Lt

Rate of flow of charge = —

MW = M, of Ree electirons in 4 conducion
- = length of 1he conductor i meters

T — The timee Laken by the eleciron wotrave] a distanse of L metecs
Total o, of cleciron passing throngh ¢onductor in nodt time = NT

This by definition s cunmrent L

Forge due o magnetic freld iz,

But

Me
T
I
I—T-
B ot
IT-BIL= T = L
L

T velozity in me'ser.
Foroe cxporicnged by cach clectron due 1o magmetic field,
Fo, = Biev  Mewtons

128 BMICOTION IN A WAGNETIC FIEED

Case (i)

Elecorom il rest ; ™o ciled
F, = Bev,v=10
Fo=0

[, will be there, anly when B and v are perpendicolar to each other.

Lane [ii)

Caze (HD
Case (iv)

Flectron moving perallel to the fzld : Mo effer.

Iy and v should be perpendicuiar i cach acher.

Elccorem mioying perpendicudar tothe field : Mption is s circle.
Elecrron vetocity muking anangle 67 with the field : Mation is heli.
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A particle whose tnitial velaeity has no component perpendico lar o uniform mageriz fgld
wl| continue W orenvs wilh constant speed along e lines of the tli

a4t B

flux density whim?, direction heine along the neutral axis {z - axish
perpendicular o paper.
welooity of the elecieon alony x - axis.
farce agting on the particle or electron in the y - axis.
s

b
Il

Fig 1.7 Maoiioa in mugaclic ficfd

‘The path described is a circle sinceg it is analognus 10 & mass tied te a rope, twisted and
rz|anad the motion of the meiys.

v and B are constang im magninede sinee 1w\ constant o magniinde and perpendiculan e the
direction of metion of the particle. T tepe al force resoliogian iy motinm ina circuluar path with
consent speed.

To find the cadius of the cicc[e. & purticle moving in 4 ciccular path with a constant speed «,

has an acceleration toward the center ol the cirzle of magnitude »*/K whers R s e radivg of the
path in metgrs,

:
iy
Then, — =eKv =F
my
k= —
ERY
120 %,
1|l' —]
YV om
T -
mo ey 1 |2m
PRI AY e
13T =07
BEELELLal N
B
If T = peaod of Totation,
) Circumference Dizlance
T=2a—=-—- —- . -
v Velocity Yelocily
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i7

iy
(v} K= B
ER VLY 2 ) }
I = = - Substitoting vescs of Tm and o,
Bev Do &
i . 35.5; g
= o

The time period 15 independsni of speed or sedivs. This means that fast moving, particles
desoribe large circles amd slow movine parisles deseobe small circles. Bon the time tuken by

therm o Jescribe those cirgle 15 <qme
lmatial velocite 1s makeng an angle “0° wath the ficid :
P = pitch oF 1he el

v the initwal velocity is making an anglc Q" wath B, "B a5 in 2 plane. [Mwe resalve v along

horizomal and perpendicular wxis, v cos O 5 along the anis of B. v sin & is perpendigular to B.

1

oy
2 qﬂ*?"'.'"-rﬁ
A f<j :
S ’ g
s
—_—
———— L]

Fip 1% Initiaf Vefocity making an angle D,

forge due 10 v Cos 8 = G,
[due e Sing impecl is v Cus 0

force = Be vy Sin ) " e Sl
me’ ST B me
f- " ) ) R
Hew SunH o T SinA
R
He= E‘-‘Einﬂ'
Tk

R=mvina Bz
Ifthe netial e ooty w is due o polential Y,

22w
v - Velugity, ¥ = —m—”-
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Mo 1
LY
[P [L 1iII.'i. L
& m
[ — -la
I '2m — J.3T = Lk g .
k= 5 1IuT X ¥y S b= 5 Lur‘-.-,:}!'v'.lnﬂ
T - Perivd ol retalion
fni’
T- vEin g
mvSing
R he

Znm uSinl _ Imm
Bewv Sl Be

Abd
T=—g picaseconds {p sec. )

If B is the pitch of the helix,

P=ww{los8.T
The distance covensd alone the B dinscton inone revolation is called the prch of the heliz.
_ ink
"~ vSind
n oy S B
R = —
el
. =27
T="—
e[l
eV, 2
0 An
P - = v s H
1||| m 2 H
212107

= B -.||""|-"_“.Cusﬂl

Therefare, the matian is kelix becanse af v Cos B electnn maves in that direehion m 2
straight line, and becawse of « Sin B, i will describe 8 eirzle.

Problem 1.5

An glecirem initiolly at rest 1= sccelerated through a 2 BY and then enters inta & region in which a
magnetic [eld of Nux density 0.03 wh ' m® is maintained. The ficld region is confirmed betwen
two parallcl plangs, 3 cm Apact perpendrculacly dothe aacial path. Deterrnime thee distance betwesn
this imitial path oxis and the pointat which the electron leaves the ficld region assmming that all the
trajectory 15 within & vacowm.
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Soluiton

E is the puant where 1he electron enters the magnetic field. EA s the are of the circle of radjps
AL BEA is the path of ¢lectom hecawse of the effect of magnetic field.

AL s right angled triangle O =3 ¢m. AD 7

1L '|"1 m

o =Bev 0 ] R=ﬁ

™

[2g%

il

m o 2e¥ _ |'H1?

|
eBY m 1 = E

3
[}
1
1
1
1
1
1
1
I
I
Radius ol the circle, !

]

O - JIEJ'C'!‘-[EWHfEEIu" 1 . |

| e 07 (it Fig 1.9 For Problem 1.5,
E=54cm
+ DAC s & right angled triangle,
QA =3 em, (0 =3 om
. &l =4 om
Bt {’D = (JE = Radius of the gircle 04
: (D=5 cm

s AD=Sem--dem=1ecm

The centre should e aleng e OF anfy since E is a fart on the <ircle and 4 is alsc a paint
ol the cirgle Theredfore the centre canmo lic any whene else except along OF.
Fropigm 1.6

An gleceron finds itself af resf At elactrode B as shown in Fig, 1. 10 A voltage pulae 3s shown in
Fig. 1.11 of amplitnde 103 voliz and direchion of 001 = [07? sec is applied s that glecimode A
becomes positive with reference 10 B. 1 the distance betvoeen A and B is 3 cm, and the plates
coald be gssermed to have 5 goomemy sraming trom the fundamentalz, calowlats the ransit time of
the clestron.

.’f i |I ||}|;.1..-J!|._.-

[ICHH 0l jsec

Fig 1.18 For Problem 1.6, Fig 1.1l For Probfem 1.6,
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K pesFurrt
The ehecaren will move 1ea distanee d. alen e pulse s apploed, Ater the podse iy remaved,
Hig electron wall conlimue foonove wit e ve locity 11 has accuoaed an e gwd of e I-i RIRLY

woes, I wll mows o distance ofl

d d —S»m
| gl |J be 1he -JL'-‘.lau-.,E [I".J.H:”td i GO p dec
e ¥, v e
mod 2 d Ewad
P L I o F
| .00 2
| 758 = | 0rdm

d, =45-1 758 10 -
S P I
Yoy af 1he @lecinen ar the end af the [imel! =00 = 10" Sec.

e W |
| S e e—
¥ mood o
10%) 2
o L I DL =10
S=10""

- 3322105
d,  2za=w?

_— e —_— -B .
BTN T s U s

Trdaldransis time z -1 21, = 1.89% 10 -3
= |0 n. Sec

Problem 1.7

The distance belwesn the plates of @ plang padalle] capacsar is 1 i, An elaciron slarts at rest at
the negative plate. a direct voltage of | (HIG v 35 applicd Tiow Lo will it rake (he electern to reach

he positive plate

Soluiion

kT

¥ 2m
W 100

F=—= — = vim
d | AL

h="

rrd=1cm
[2md
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SR IR T B Y TY O PR TR

Y L 107 <00

— ! "-T-'__ -1 - = ,'_-I.:.-

= 375 - 100 13740

= IG5 o 10" Beg,
Protiem LR
At g lectiom g ermiged From g thenmiome ¢ashade watl 2200 mibial velacity and aus patential of 2 Y
Calculare the Nnal velocs.

Safuifeon
PRI
Ve _ eV
e 1i| I

L BILIT (S

TS R L AT I—
ST = 351

= 1R = 10" m'Sec.

1.2.9 Moric OF ax ELFG YRS i oo fl ELECTRIC avn MansETie FikiDs

Asenmption 0 Bogn flaid ove peependicady fooeack othey inftiad velacime f5 meee
vooaref v ake oy velocitnn goquined by she elaciran e de elecreic
et Rrtnibere fisfels

Anelectran ai point B i placed in combined Electric and Magnetie Fields as shown o Fig 112,

| @

! I
11 e,

|'!--E'|-J

-

-
-

-
et 1

Fig L 12 Combimed eleciric amd maeaeite el

1210 Eqvatios oF MoTioN

T

-
o7y
| dr.r
I, = Fonee doe 1w Eleetinie Field.

[, = Force doe we Mapnee Field.

Im
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oy B
m=% — ——-ecxE-ley
d,l.! . E
u Ijz
m= —;, =P ee=y
di- ¥
d:'_t' _ CE En:.'-.'-.,:
|,'.|E: m 1
. zw Yy He
i — - —
m=d m
ey +ex ¥ Re i
,jqz ¥ med  m
where a i5 constant.
EY : .
g 1EeondEet F =a-ut
. 2
ub — Anpular Frequency : 2o 1 — T

] . 2nm
Pericd of roiation, T = Fe -

2axDe Be

2nm m
Eg. {1.14] can be wntten as

B —woox

Fe Re
— =mapd v, =5 = —
i ¥ i

Integrating, %=+ O
£, = th,
Suhgtitute this value of x meq. {1
¥ —a -wi
Ry
Sk =R- oty
. ¥ o=a oMok i-ca @ v
silving this Socond Order Drifferential Equation
|

J

a
¥ {1 Coz wt}

e 1015

e LTE)

v 1170

e L EIR
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But 5 oy

-
3‘—'4.u|JH1 . (| - Cos at}

a
il {1 Cozwl}
Inteprating to pat x,

a il Nimt’
Y= —|'—
11 41 2

a
- el =Simentyl { 1.1%%

Hence the motion iscvelondal.
¥ 15 max. when Cos ot = -1

24
:"'rnm-: - m:
at
:k111a"i = H

% I5 max when Xinmt =11
x 15 max where Sin ot is 8 and oy is max.

X s max. whenmt=2x

a 2ma
x'l'nl'lii= -.E {IJ‘[—{]':I= 1_._'.2

rl
1.2.11 PaparLer Evpcwend axp Mac<eTc FIELDS

IF £ aned B e paratlel oo each adler aoed i tral velocify of the electran -

is zetoy, the mapnetc field exlers no foree on the elecrom The I l

resullimg molien seleby depends upen e' ¢ Fig 1,11 ) B
Mthg glectron is possessmginitial velogify v and is alnng the

magnetic Ficld, then alsothe elfoer of magnetic +'|¢:I|:I5i:=. nil thinge, L

is paralicl te B). %o resultant molion is doc tr g only. Then the 0

X
gquriti ook ol aed iow oF the eleeteon s,

Fig 1.1 Porgllef
My T Y — M aleciric and mogmetic
] ] F ﬁl’jds
Where “u” is the acceleratiom ol e electiron g 'a’ = )

{ Negative sipn is doe fothe dirgetion of acceleration which is opposite i that of electric
Mield ).

dy

dt = l"ln-!. - ai
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Iniegring, v= 1=t an
K

W oo a= —
m

M mially o component of velocny v, s perpendiculir to B the eleciron will describe
ereulor wHAive, The "Radws' of the circle i independent ol &0 And. because ol 1he ezt of
vlectric field . the veheity along the Neld changes with thne. S0 the resulting metion is Telical
will i piish that chanpe s with ume. e the distance travelled aloog v-axes imcreases winh each

rvobubion.

1.3 STMILE TROBLEMS INVOLYING ELECTRIC ANDY MAGNETIC FIELDS ON1Y
Prafilywe |0

A point source of electrens is sioeated in mgdoally perpeadicular unifoann maenetic sl electre
lields. The magnceic oy densing i1 0w ldm and the elegtric feld streneth is 107 %an, Determine
the: a1titartinkn destamee Eronn e seurce wlwhich an electron wilh cero velocibs will apain have ero
v loeity.

Fip 114 For Praublem 19,

Safurnon

When the clectron is wnder the influence of perpendicwlar mupnetic snd electric Mehls, iy
ruinal is cvelnid. An glecoron enided witl rorn velooity ab A witl heve apain mere velocity at B
{Figl147.

Fherslfore AT 15 the minimum distance from the sauree of e lectrons (A where the eloctenns
will huve weain zero veloomy. The expression tor . the disdance trave|led by die alectron is
[ SeeSectiom 1.2.000 ],

i

=
“

Mrem Cy. 4 10000, 5 =
i
AB-BC - X ..

iu.'-1 —-%in n:|1]

i
: : - » 1
Ihe expressean for X, i
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B ) In 2an
ol = m 1o e = Angular freguancy = T | = e 1
£RvmTwIn L 200 1™
v . -in _ oo ST
we T L RTet  BoE (0} =1.78
; ) —
M, - WM M PRl R I K

« Prubfernr IR

Twn 50-e% electrons enler o magnedic ficld of 2.00m whim? az shoewrn i FFig 1.15, rme at 1" and
the sther a1 260", Fow Far apart are (hese glechons when they bave rrgvelled ane revolition w
their helical paths ?

TR Ty

-

fFig Lis Far Problem 150,

Safian
Srwe Lhe eleciren velocinies are muhimg angic H,, wnd {I: with the Aeld, the puth of the ¢lecimons
weill b helecal.

Encegy = §ll e¥

Acerieriune potential ¥ = 3010l

|Jeh " :
Vebwity, v, { m“‘ R LR AN U RN (SRR R AR Erl

S _ o mEsmp M )
Perigd of ernation 17— ———— = I TR3 = [0 ¥ g
Zom 10

Compongnts of velacities alomg Roage
W= gy Cog N9 = v (0U9R4HY
Vo = s Cos 20 - v, (83T
V= wa T (RN - LS URTY — v, A5 )
Cristarey — (v, — val T = welogity « lirme

—GOBS 2 L0 01 78S -« HO-H)

=1 am
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1.4 FRINCIPLES OF (CHRT
1.4.1 Bazic CRO CInclITRY :
A CRO cansists of
L. Ferrcw! gmpliier
2. Narizartal amplifier
A, Tiwe hase Civewit
4. Power tonplics
5 Cuthocte Rov Tuhe
The black wehematic is shown i Fig. 1.16.

EsL Huniconisf

{loinut
EyprHzh — Tune Basc Hurizunial
KT Lieneralor Amplifier | l
£ » Ul
.IT.
o Yertleal
Input Signal .hripli';rﬂ

Fower
Hlnpplitm :

Fip I 16 Block schemeric of Cothpde Ray Oxeilingcape (CRO).

1.4.2 Tvres oF CROD's

1. Sempfe Beom
2. Dnble Beogm” Dl Bram

3. Dwed troce

4, Storrose ovcilloscope,

CRO s an extrevely wgeful and versatile Labomiorny insteunent weed for e measerg ment
and analysis of waveforme and ather phenamens in elecironic circomts, These are basiza My very
fast x - v plotiers.

ln whe uxoal CRO application, the x - wais or horizonial imput 15 aminternally penerated |inear
ramp voltage or time base signal. "The vollage snder examination iz apphied to ihe y - axts or as
vertical input of the CRC. When the inpul voltage is repelitive al fasr rale, fhe display appears as
a slalionary packern on the TR,
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C RO noweddiars as being replaced be electro luminescent pangls, sohd stale light emsting
arrays of (ia 45 diode and plasma cells. CHT isthe heart nfCRC. The opeeation of CRT may be

deseribed by 1he Five regicns mentioned below [ Fig, 117

1. Beam Oeneraling Area o The elecieon baan i3 generaed by
Tiwermionic Lrmission

1. Beamn Fuocus Section o The beam is lcased

3, Bcam Fost Acceleranion Hepion @ Space patentiat controls the beam
velocity, to enable electroms b reach
sCreen.

4. Heam Detlection Regwn The beam 15 positioned to the desined

¥-y co-ordinates posilisn
L Heam Target Kegicn Nisplay Sceeen.

Sooijumideg U uwiang

CaTidh Fucwving wnile
1200 + Flnall.imrérrum
= 1
4 T "."/ _—f . . Viraticmles
J_ . F o
P s o e e e e e e e et m e e mmmm e fm e e mm—m—————— r

pag I

i T
Cthombye
sukrd i / //
with a T.ayperud Fa—— Acceleraring Teriwal
Hatilnine At SHresilyem SAnube Fluie
cuated s C 2008 s - 10 b b Thirizen Lal

Fhate
Fig LI7 {athnde Ray Tupe fCRTL

1.4.3 BEau GGENERATIIIN

This is analogoos 0 8 Vacuum Deviee Triode @ 1 cathnde supplying electrons, 3 gnd contralling
thewr rate of emission, and an anode onllecting them. [n R T, there is a small hole o aperture, n
brth the grid and ancdg. permiting a pareow beam o emergs from the anade, The cathade
potential i several throwsand walls repative, with respeet 1o anode so Lhal, electirony are hiberated
wille tonsiderabie enerey. The Intemsity of the beam on the screen can be eesily controlled by
varvini the wrid vialtape.

E-d4.4 Braw Fruns

It crendains the heam focysing electrades which change the beam pattern az a small round dot,
The two glectrodes are fosws and astipmatism electrodes. Focua conol electrode adjusts the
e W be conventraled as a dob where as astipmatism contrel is osed to make the dot as moond
as pussrble.
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I.4.5 BeEvws IDDERLFUTION

Many CH s duiter oy indhes method, Mapgnetic deFlection allaws aowidee beaun e fleerica qelhe.
1han docs ¢lectrostate deflestion. IF fullsereen beam delection banmdw ideh desired i Tess Lthae 26
KHz, Elecniomagnelic Datlestinn Syvatemn haz o substantizl cost advantage. ] hos 1Y e and
medictl monilnr e Electromagnetic Neflecticen

Magnct ic Detlectaon is sceomiplished by changing magoets field. This s done by changing
awrrent lewels i an induzton, At high frequencies indwctars with fow turms are nece ssary 10 obiain
Fast curient vz, ductis¢ ngactangs nervascs with fcqueacy.

1.4.6 BEAw Post AdgELGRATION

This s imponam foerwritimg specd. The wrigoal accelerating field is the potential boosseen cuthode
and delection plates. T eieetiostane O, the volfage beewegncathrde and plate 1 approssmate] y
4 kY Far thiz o resistangu spiral 05 used angads the tube grvelape an wehich is ampeessed an
acceelvrating volage of [9 RV, The goelerating frehl Dends the hearm gawards 1he axis and thas
chunge s the waveform displey or decreases dellection ~cpsitneiLy,
14,7 CRT Ihse oy SOREEN
Phusphor isthe usual rexd cut moteriol o the tareet. 1L has the capabalits of cemeentinge electrical
energy imo light eneres. Two phenomena oocur when a phosphor i3 barnbarded werch o gl
enermy clection hoam. When the beam hats the phosphor, a learesence er hpht @mission 15 obseooed,
¥'hen the excitation heam s remowved pheapharescenee remains Ior sametime and indicates where
1lie phessphor had heen stimalated otn laghr ernizsion. The phospher is clazsitied as

(11 Shorr perwatenr foccone o fean R TRE e

i Mfercdipen _||.l|;-.l-+1'.'rr|:'.'r|;'¢' T

(31 Long perdviemie Ceeidwtead, Fomcn 2 feedfy e puns i 2 BTG A7
IR _L-'J'.l'lrf:lu.' FapReelr Feglade Fluorpreonr o reek il o e Srrhoyddbicann F 02

_.r.l.l'm'.'l.u.rrr.-r.l
P - Fscreen - Calgivm Tungstatg gives kluc colour.

140 Gomarny Lks

These wre the scale markings wn the CRT Someen. They are of three kinds
1. Exferned Grosicufe
2. fpeerned Crraricols
A Fropecrad Griatacale
Fxtemal Ceraticule is sorecned nubside the CRT serecn.
The Tmgmal Oreatwnle rs sqagened inside the CRT sgrgen.
PFrojecied Liraticube is provided with some covers and allowe areater lexikility in
arativule palern
Cashode in TRTs s a adckef e eliadder witle a foper o harigeem gne sireniinn azide depas iled
e i1 W ubtiio Igh electron @amiseman ol moderane wmperitures Yultaees applied we e aceeleration
wnode vacy from 230V e [0,0004,
The prid 15 hased pepaiee watd respect 5 ealode, [ contruls 1he densily af @lecimns
beine eminied frowm 1he sathode, Intensiy kicoh controls the negaim e voltage of the orid,
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Tl o wn bk Aol and acc sleranng anuods b electrostatee fens, A tepeeil cose is, Tugysing
A el P2, and aceelersta s anoce moal 2000 Thos a B3 et U sl produce sieanz
chovtiesbntic lickd Akt piassirey ["rl"n._u.li_'h e anedgn Faas paenn Bopses i son b Fhg fugh
il ki v g attrascd s e beetemeamd speacks i0og e Beesind glives tan . and Use ¢ lgcorastti
tield Petwcen Wie 1o clectredes teonds b detbecn the electrn, Taeend resoltos taal all vleesnens
enteraig g lons ave g B cenns ingether al 1 oo cal’ed the focal point

T P i e I vareiep T Tuensany et wolfage singe e 2lednms apnjve
Lt sereenath highoeelogine e here sl be secemlars eanisgion. | hese g lectrons aeeamtractzd
bothe aegudan cosbme and eetarned o the cathode, deguoer cnating iv a Draplile coating.
LLows okl i pneesHave poedemtiil and retcen. secondam cicelreaes e the eathade.

eral e £k enable the pedraval cF s serical heame. Lo eonsiat, ol a single heam
Ll osnple time ey pongiannonr amd o ideniscabvggizalwmphlrers, with anelectioniz swind
i sl alsomstine s gommget- vl setisal wbaspmelofCRT. alter ach awoeep
1.4 Tiuk Basl
Lhig peemits am eperatos o display soltape or current varilions in e, Many AL sioaals are
umeizlecn of me. 42000 e as essemial featone. Tone boses peacrale an aulpud ellage whoh s
e B mve W beam aoross CRT sgreen o astrag bt ireenna| b, and ectorw e bean ganis kv
kack tnoae- startng pogm, Froon lelt o eegho, ihe beamn nuzecs <los [ e so appears a5 a Jine,
returms rapidls e e g1 ledT aned soocpmer ke pepcgned The lel e righitor lersard smovement
ol The Team is called frece imtervad or forward rrce.

The seezepraction is achizved by aosiew oot seisoe ToTen, 60 e prisenl e sany ing ienclions.
Time Base Circwit

& typical corcoil to detlect electron byum alone s-direetion on thg screen is fs shown i Fig |V
The swetch can b F51 U JFE D wor atiy other elecimmme switching doevice, When (e sainh S i
open O geei charged. When S is chsed. O diac harges, produci asive Tl wive fonme 5w iiching
can be dene at g fasier rawe when clecionic devices are wwed a5 9w iiches

-
E
l L e s
R Al — v ____.-"'f’/[

s Recep el

] |

Fipr 08} B - C Nedwrerk, Fru, 1.F& | i } Time bave wave Jorm,

. _

.5 DEFLECTIONYN SENSITIVITY
(N | FrLECTROS AT T FLECTIO™ SERSTTIVITY

Elecirostatic dedlection sensdis iy ol & par ol dedlecton plaes of a Cathads Bay Oeillaseope
§ORAN is deiined a1he arecimt of e lection af e leerrnm cpol prodocesd whe o eol aoe o | Y D
i apnlied b iveeen e coneessimml iz pliaies
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Let two plates of lengih I and spacing 's" are kepl 8t & distance T froamn Hie soreen. Letthe
woltage applicd banween the plates be V) volts aad v the velocily of an eleciren on eniering the
Tigld of the deflection plates (Fig. 1,197

f —leneth of defiectiog Plates
s = Spaciny between Dellecung Flaes
D = Dastance between sereen and Centre of Dellecting Plates

Then, My =ex Y -
1]
v i 2"-1'|‘rg
Y m
Where ¥, = woltage of fixed dnode in volis
e = charge of an electron in coulomb

i miass of & €lectnon i kgs.

im —

L ]

L |
Fip L1% Electrostaric defleciten sensfavitg

A5 the heam passes through the field of the defleclion plates, the lectrons are attrached

. o=
toveards the positive plate by 2 force equal o '1-5- =
YVyve
o I = ¢neg = d .
-}
The Force produwees an acecleration of *a” mésee® and is cqual ta foroe divided by mass m_
of an elecinen.

F- mia
E
U a -
[44]
YWoEe
a= —4
M

The frreard motian Rowever ontinucs at velociny v. The time faken by the lectron to the

traverse mthe Neld of the plawwes s J: see. The upward velocity artaimed by the electron in - sec

15 %,
i i ¥, xe
Then, v,— — k= — x Mt
'oow voosm
The raiio ol upward v ooy tothe forwerd ve loeity ar the instant clectrom leaves the field is
¥y Wy, menl

A in-cmt:-ec'-.-‘
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The cloetron follows g parabolic parh from A the point of eatramee, 1w poind B. (he point of
leaving the bield. Lerthe verticad displacement, daeng this pernd be d |
Then

-:II — ut + atd T Rl ] . upward velocity at t—=1{)

£ mE
U0 i thees angle with the axis thist the electron bewm makes after emerging oul trom he field
ol the deflecrion platcs. Then

Wy fi| ¥
Tanb- = - =% or d.~ D, x —
¥ [P TRy

VomexiwD.

: ERMAY
. , Yomenl={ 2=
T'otal deflection, d=d, +d.= = m—
- L mMy’
II'
l.el IJ=|}2+ -
Yy=cmi =D
‘Then - .- -
EAm, NV
. dupaly
Hut p: - ———+
m
Y D
¥, &

for & given CEL, A D, and 2 ar; fiwed. Therefore dePlection *df of the spatl can be changed by

i
chungimg the ratino 1";'1.. .

d (i)
5y = Deflection: Sensilavity — "-_".j - S ey
- d
e
Sp - Sk, | e 200

Deflection Senpsitivity S [ with Elceomstatic Ficld | can be increazed by increasing A, hut
then the electron may hit the plates. Fven after decreasing, 5, the samme prablem will be there, We
can inerease 1, bol the size of CRT becomes large. 5o the only slternative il is by reducing V.
403 compromise hasto be made inthe design of CRT, 1o g=t optimom value of dellecinon sensinvity:



L ¥ Elecironmic Thevices smd Circnils

1.5.2 ErrorecrlacsETIC IREFLEC TN SEs50 e

Magnetic Deffection in a Cwthode Ray Fibe

Flectren will ge1 detleeted dn magnotic tield alko, %o Cathade Ray Oscilloseope (CRO) can
q.,'miflal-.m}- kg imer i Fichd am well 1o per chedlegtove on Hhe screen. Del aa denve the expression forthe
deflection sengiliviy 5, I mapnehic ficld.

PE ol rwggenceic Piehd gusings one ol 1he paper, the besm is deflegted wpward. The efectran
e s inca seaighs Tine figm the catheds o the boutdaces {3 of 1he magnetic Beld. In the
regren of the uniform sagnedic fizld. the cleetren expencnee a foree of magnitode o B where v,
iAo,

1 - I
K r N Co ——F"
1 1
L:l 1 1 E T
! I
I 1 ' v
a ! ! | M ‘
| 1
. s 1 1
o g » | ] -‘rﬁq .. A .
| o i rX
/ Cachody I | |
1 1 |
1
/ A
o
! m—] [ >
|‘& I ﬁ'{

Fig 1.20 Mapnetic deflection sensifiviy.
The pach O will be the arc of & circle whose cenire 15 st G Fhe velocite of the panicles,
_ |IE|.:1:":

.= _.
Ol

Lel. F = lemgih of the naognetic fig

1. = Insiance bedweeon circle of 1he fisld and the soreen

v = Todal v deflection

I - rus density inwh'm’

vy = il velagity

Y.~ accelerating voltage

8y = Defloction sensarivite due 1o mugnetic licld
= el = mink

The pach OO/ sill be the arc of 8 circle whose conlce 15 al £

{8~ KR,
W here B s e padins af the circlo

srmige O s small. 1P we assume a amall angle ol delection OM = 7

{

H'=E
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But radius of the cicele 15
m¥
uH

In all practical cases. L == /. therefore iF MF' 15 proqected backwards, it will pass throogh
the centre O of the region of the magnene field.

. y—L tan 3
Hll‘ll:ﬂﬂih":il'ﬂ'd“. +— LA
(T | fe.B
Bui q= B = — = . IIE_E_";;
Y
{ Mo
f= o ,Ji
'-.|'2""'n [
L B e
Yo v I
Doflection seasitiy ity
¥
5 ==
e
L3 —
i |
Ega=y——= ./.L
[ M ‘i'lm JIV,

Advaniages

. - 1 1 1
Compared to elecorostatic deflection 8, i high. and sinee 5, o N whereas 8,0 7 Iv
3 b
Becauwse of high deflection sensitivity, it is used in adars and T.4. tuhes. Ha-;l:al deflection
can he acenmphshed easily by rotating Enllr. placed mutside, to produce B

Dizadvantages
Forr higle Trequency Lhis s nat used becanse of the high reactancs produced by e ooils.
Joab spod Forrnations creates a BEck spot af the centre of the sereen,

Proffem Fff

Ina CRT, the kength wfthe delecune plutes 18 the direction ol e ez s 2 o, thespacing of e
plates 15 0.5 ¢m and the distance of the Buorescent sereso Tnom the centee af the plate s 18 <.
tCalcutate the deflection sensitevity immévoll il the final anode voltage 15

W) 0V (TN L )  r3g v
Siearlon
iy

Drallection sensiivily = Tov i=2cm O=18&cm, s =03 cm
ay For Y, =0y

Lefl 5 so= - B h oty

[ :EIICII'I I:I'Ih“l'n- Il.'_'|-' 3= 2;-” i 4 [H] CEn.

fh} Ftor ".’a = 1K Y. it = 0436 ame'Y.

(e} For v, = 1500 ¥, §.= 0.024 o'V,
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Problemr 1,12
b a CRT, a pair of deflecting plates are 2.0 om long and are spaced 0.5 cmoapan. The distancs
[rom the conter of the plates to the sereen ig 29 cm, | he faal anode voltags i IO Y. Caleulate
(8  Fae displocement prociced by deflecting veltags of 30F
(b)Y  The argle which the heam mokes witk the oo of the Tube on emereing from

the fielid
1} Muineity off T Beanr v emersinge fram e feld,
Sofurlon
(8] DBeflection prodigced v,
LRI L |y N B N1
= ——— = — = = ¥
1= nw, T Tegswipop | hem R
Wl .
. L =2 _
k) a6 = 0= Sev, “Taiogoens 0T
8= 3u &
v, [ .
i) ’l'anl!:'I—T: my
Resulianr Velocity Vg ( Fig. 121 ) Fig 111 For Problem 112
kY
Vg = o
R Co=h
el
¥o= m; =594 < 107 % v, =394 1 10 « Jlnon
= 1875w TR0 puigas
v IEI-'-'EJ-EIII'
. A - = -l| E I|
Y= Cosh = gy |87 3 1{® m'sec
Problem T, 11

The electrons epitied from (he therpnchic cafhosde of 3 UCathode Ray Tube gin are acse |l erated by
a poenbial of 40 V. The essential dimensions arg | = %4 om, [= 1,27 ¢m and d = F475zm.
Determine 5. What must be the magnitude of & transverse magnetic fi f'n: | acting owver the whole
Tength althe ml:-e i etder to produce the same Je Aection as Oval prodeced by a deflecting porential
b 30 ¥ 7

Saluyion
LD 177x194x10 7 .
NS T S = (6% W
ET Zaw, | 2x(a75x400 mmes
30 V will perdduge dellegtion ol 30 = D98 = 267
s g1 LB e
~26Tem - m— -
Y Jav, im

=Fdom: = .2Tem  B=" ¥ =40y
B - 622 = 10r whim?.
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Frodfem 1 f4

Calculare the deflection of i cathude ray beum vaosed by the sarth's mapnetic feld. Assume the
Itthe Axes 15 s0owented that i is normal tothe field, whose strength is L6 G The anade potentisl
5400 Y, The Annde - scoeen distance s 2 0o,

2 - 1
L —“'f--. B
'\-\.—__\__':_;:1:.--- --t-.-.._f]:
N N A
L Tra, = 2l 4oy A

[
Fipg L212 Deflection in CRT due vo Eqrrlt 5 magnetic field,

Folion

The eleciron stants gt U ¢ Fig. [.2X pand iz sceglerated hy snode putential of 430 Y. Because of
the cffect of zarth’s magoetu: field, o will describe 8 circde of arc (A, whose redios = AC.

Al s the deflection of the electron on the screen ().

r

Mow imiLial velocity, v, — II| - = L1 = 107 misec.

Earth’s magretic field =06 G = 0.6 = 107 wh/m?
Radius of the ciccle deseribed by the glectron doe 10 garth magnatic Nield

1ITRIE
—“-B— —JY,
1 il —_—
LI LN T
L

=1.02m = LI2 ¢m
AC =122 COr=Hadiue gf the gjrele =ALC =112 am
CIZ=1(112 - %)
{12 }-F-‘-Eﬂj= 113
pr— 224y + A =Py = 1.8 om
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Lé APPLICATTON (F CRA}

(1}
(1}
(3}
(4]
{5}
(&}

Wollace Rdedsurcnrnts
Frequency Mecasuremeonts
Phitse Measuremenis
TY Dugplay

Indicaiors MKagrams

Com Fll.![':!' Mlumatory, £Ec.

1.6.1 CLrRRENT MEASUREMENT U5 inc: LR

The voltage drop (%) actoss a cesistor “P7 is measored using CHO. The current *I* through the
resslor can be deveroningd vsoe the Totmoala - % Y B,

1.4.2 Farm

ENCY MEASLRAEMENT

By ohserving the A L signal wavetarm op CRY, the number of divigions are measured, on the
timescale. Time 17 s determined by multipiying Mo of divesions with mses for posea) § Gy,

Fregquency [

T

SUMMARY
U ELT T I .1 .2
* R L ¥ o y eI
|
2
Teanzit Time 1 = ul“"ll «d
le¥=146x10""]onles
*  Thetrajectony of an clectron i uniform retarding sheceric Neld, when the imitial vehocity
is (making am angle £ with the ficld ix parabola.
aw
X = V“ w2 Sin
* FForce experienced by electron in tagnenn: feld
=B x1= | Mewtons
¥ i} . L el
- SI:' = ; — Electrostatic Deflection Sensitivily, 5; = 35_"-'31
* 5,4= Electromagnetic Dhefleclion Sensiliviry,

I
v

w2V,

i,

¥ _ |t
SH-E-Jm”
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10,
11.

1.

15

14.
15.
6.

17.

18

9.

20

21

22,

23,
o,

ORJECTIVE TYPY. QUESTIVNG
Eleciric Freld Intensiby £ = SRR | [N ] 11 i3 . SR

Expression for the 1rr:|r~|::|t:,- -nF clecteon v in lerms ol acn:lr:rallng p-crtcmml
= e

fn = e Huulunh
The aseeletation of an electron placed im an electric Deld of intensity & is
a= ... et e e ——

The traectory of an eleceron moving with selocitey v im a maeneLic Neld B is

Pl:: ume teken T for one revoloion of an electron in a magoetic field,
Ex prﬂmml flJ-T 1|'|E I:IL‘IIIJ".*» ul an electron plau:d in & magnenic NMield of intensity B, and
muving with velociy v s = .. e

Expressien for electrostatic d:ﬂccllun sensitivity %,
Expression for electromaenelic deflection sensitov |t_'.-' 5
Ciradusned scales o the CRO Screen are valled as ... -~

Cnating which prnudcq the rearn path for electrons abter striking the CRO Seresn

L'athode "dali:ns] I:IS-Eﬂ im{"athode Bay Tuke .l L

The nature of signal | wave shape ) of Time Base moa CRObs
Llectrostatic defleciion sensitivity is defmed s e,
Electocanagnetic deflection sensrivily 15 defimed as ... e

The Er‘IEFE'l." m:qmrcd kv an electron m rising through a potential of one volt is

Al anductnr nF!en_gth | consists of M clecirons. An electon takes T secrmds o
irave | the distance L. The 1ol number of @ lecirons passing through any crozs sacton
II'I: IJI'IIl l.II'IIES- IS . -

The Imjectorny cnf an elmrun in tw:n dlmem ional wodiom §whjecred toan glecinic field
belween o plares of o capadilor 85 ... e

Relativigtic correction should be applied if an glectron fafls through 2 polentind of
abuve o winils,

Wher a cuerrenl cioeying coductor of length L is placed inamaghetic field of drength

[, the Torce experienced by the corducior 38 Foo= 0 L e

When any choctron enters the magnctie field with a velooity v in a direction perpendicn lar
te (e wnaginetic Keld, the nigietic faree results in.......................... mDtion of the
electron.

The ..., e detlecticen sensitivity is inversaly proponional by the square
af accelerating potential.

The vvececrnnens vwne ooeflection i3 independent of specific charge (s/m).

When suitaltle aliemating vottages ane im pressed agains: Iwo pairs of dellécling plalzs
in o CRO, the Farmons ... ... Pere figurcs arc obtained on the soreen.

The mass uf u partrcle movmge with o velocidy v in erns of s rest mass my, s given
By T = . e



Electranle DPevices and Circoita

ESSAY TYFE QUESTIONS
I.  Denve the expression for the velecily acguered by at 2lectron, when placed in en
apcelerating field 2.

2. Derive the expression for radius ‘R and time pericd "T7 in the case of an electron
placed in a magnetic ficld of intensity B besla.

3 Dizrive the expression for electrostatic deflection sensitivity

q Dcrive the expression for clectromagnetic deflection sensitivity.

5. With the help of a neal skete. describe principle and work ing of Cathode Ray Tube.
E. Ciive the constructional details of Cathode Ray Tube.

7 Compare Elecimosatic and Blecrromagnetic deflestion mes hanisms

B What ar¢ the applications of CRO? Give the black schematie of CRO und explain,

MULTIPLE CHOICE (QUESTIONS

1 ew = L Joules

(ab L6 <10 poules (w1700 der S0 =007 qdy 16w l0n™

. If the ebeciron starls wi rest with ioltial velocity = 0 m/Sec and is accelerated by

potential +V, volts the final velocity in,
fa) 593« 107 YV mfsec by 5.9=10° ¥ cmfsec
(c) 953 = 1FF J¥ Kmisec { 359% 10 'V misec

The expresaion for current | passieg through a comdpctor of cras sectional ares
'A* ml, im time | secs, with elecivon demsity N per mo, of charge ¢, f3 [ =

Me We M e Na
L LT AT @

. The loiee experivaced by an electrad 1o paratlel elecerie Meld *2° v/m and magnetic

Nickld “H" wl:hf-], with mitial velocity rero mixec, iv .o

Be= EE B
- [ I — day —

m B m = m

{a, Zero fb)

. IF a1 elegtron ir placed in comhined ‘£ and B’ Tieldy and il ‘5" aod "B are

perpe 1diculur 1o each viber, und if the imiikal velocity o perpeodicubar to megnetic
el B, the patk of (ke electron i3

(1} {Common parabola (b} Curtate parabola

{c} Prolate parabnla (dy  Trochoid

CRT wrreens with medinm peraistance will bave vivible glow oo the acreen for a
pericd ol

(&) ]1mmoute (b} 2 sees £y | m sec {(d)y fewminuigs
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The basic aspects connected with Semiconductor Physics and the terms
like Effective Mass, Intnnsic, Extrinsic, and Semconductors ane introduced.

Atomic Structure, Configurations, Concepl of Hole, Conductivity in p-fype
and m-fppe semiconductors are given. This forms the basis to study
Semiconductor Devices in the following chapters.

After p-type and n-type semiconductors, we shall study semiconductor
devices formed using these two types of semiconduciors.

We shall also study the physical phenomena such as conduction, transport
mechanism, electrical characteristics, and applications of semiconductor
dindes, zener dinde, tunnel diode and soon,
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In this chapter, we shall first study the basic aspects of Atomic Theory, Electronic structure
of Silicon and Germanium elements, Energy Band Theory, Semiconductor Device Physies, and
ihen conduction in Semiconductors,

1.1 REVIEW OF SEMICONDUCTDOR PHYSICS
2.1.1 EveEncy LEVELS axn ExERGY Banns

To explain the phenomenon associated with conduction in- metals and semiconductors and the
emission of elecirons from the surface of a metal, we have to assume that atoms have loosely
bound electrons which can be removed from it

Rutherford found that atom consists of a nucleus with electrons rotating arcund it.
The mass of the atom is concentrated in the nucleus. It consist of protons which are positively
charged. In hydrogen atom, there 1s one positively charged nuclews { & proton) and a single
electron. The charge on particle is positive and is cqual to that of electron. So hvdrogen atom 15
neutral in charge. The proton in the nucleus carries the charge of the atom, so it is immobile. The
electron will be moving around it in a closed orbil. The force of anraction between electron and
proton follows Coulombs Law. [directly propertional to product of charges and inversely proportional
to (distance)’).

Aszume that the orbit of the electron around nuclews iz a circle. We wan! (o calealate the
radius of this circle, interms of total energy ‘W' of the electron, The force of attraction batween
the electron and the nucleus is :

Facd

{ Therefore, the nucleus has the proton with electron charge equal to "e’)
Fo I—,
3
{ r iz the radius of the arbit )

.
where £, 15 the permitivity of free space. [is value 15 In;ﬂ Fim.

As the electron is moving around the nucleus in a circular orbit with radius r, and with
velocity v, then the force of attraction given by the above expression F should be equal to the
2
centripetal force % {according to Newton's Second Law of Motion)

-
i

{ F=m.a; m is the masz of electron and acceleration, a= =y ]
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S The Poennal Coergy of the ¢lectron — - . =
mE, 1" ME I

{ v sign a5 besause Potential Encrgy 15 by definition work done against the ficld )
Kingtic Energy = 'a mw’

1

. i £
Towal Energer W possessed by the electron = - mu -
& 4n r
] r’
Bl my* = reduces o
age_r
_ = o o
||l1i. _ - - =
Bae,r  amgr Bme_r
ol
E ed by the clectron W — - -
NErEYy PossCss ¥ the clectron P

W is the enerpy of the electron. Onky for Hydmwen atom W will also be the enengy of atam
since 1 has only ome eleciron The negative sign arsses because the Potential Energy of the
€ lectron is

"?:l
T Sne,r
As radius 1 ingreases, Potential Engigy desreages, When ris infimity, Potential Cnergy is 2ero.
Therefore the energy of the elestran 15 negative  [Fr s < we, U energy should e less. (Any
quantity bess than ) is negative?,
The above cqualion is derived from the ¢lassical model of the electron. Bul according to
classicel laws of clectrmagnetism, an sccclerated charge mast radiste energy Electron is having

:
charge — . It is moving with velocity v or acceleration ~ arnund the nuclens. Therefore this
- r

eleciron should also radiate energy. 1 the charge 15 perfenmng osciflations with o frequency
flign the frequency of the radiated enercy should al s be the same. Hence the Mregquency of the
radiabed encrgy from the cleciron shonld he aqualtofhe Frequency with the elecinoa pebitin g round
the necleus.

B iFrhe electoon is mdiating enengy. then s tal enerpy %' must decrease by the amount

eqtal to the radiadion energy, 30 "7 should go om decreasing o satisly the syuation,
wo-
BT,
!
If W decreases. r should also decrease. Simce if - 2  should decrease, this quantity
"X, T

should beenme mare negative. Theretore, r should decrease. %o, the electron should describe
smaller and smaller arbit and should finally Fadl into oo leous. ¢ classical medel of atom is nol
fanrly satisfactony.
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12.1.1 THE: Bl Al
The above dilficulty was resolved by Hobrin 1913, He postulated throe Tindamenial laws.

1. The wiam con passexsy omiv dfiverele energies. While in siofes
correspomding fa theye dfiscrete epergy lovefs, electron does mat emi
Fefiatian IR SLIIFRRr) Siare

ri When the encrgy of the electvan is :er:gmgjhﬁm Wt W, then radiation
will be cmitéed. The frequancy of radiation is given .‘:-y

o Jothad

..-'r_'_

where 'R s I-'Ir.zu.l{:.?z £ oin deabt,

h= 6626 = 1071 - gec,
fo, wian the atam ix in Stasionary sgate U daes mod emft gy radiation.
When its energy chumgar from W fo W, e the adom I3 goid 1o Fymie
rrvd fram o SEACTRTEY Sie T e Gtfete The afom resniig L the
HAw SEate corrvspondine fe W Crly duringz trarsition, will soee crermype
far Feaedieniazgd.

1, A stadinnary grale (v darermined by the condrrroem theer fhe gnpolor
Mtonte e of the glietrpdt (8 25 siety eepst Ay ooe Jrerepred meadiiplo of
.h‘r'-.z I

RR
Moo s — —
28
whitre 1 15 onl Infeser, olfer Than rero.

1.3 EFFECTIVE Mass

An glectron mass ‘'m" wheo placed e crystal lattice. responds 1w applied [eld as i§ it were of
muss m*. The ceswson for this i the intecactson of the eleciron even within lavice.

F. = Rinens Energy of the Free Eleciron

= Momennam
v =Velacy

m = Mass

= 1t

m®* = Etfective mas: of electron

A

a.

E'_

2m
Electrong in a solid are not free. They move urder the combined influcaes of an exicmal
freld plus than of & pecicdic potential ol atots eores in the lattice, An ¢lectran moving through the
lattice can be represenled by a wave packet of plame wares rrouped arcumd the same value of
K which 15 & wave vector.

Electron velocity falls woeero at each band edes. This 15 because e lectron wave further
»comes standing wave al the top and bottom of 4 band te., vy = 0
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Mow congider an clecironic wave packet moving in & ervstal lattice onder the influence of
an externally upplied uniform ¢ledine field, [f the electron has an instantaneows velocity v, and
moves a distance dx in the direction of an accslérating force F, in Lime di i acquives energy dE
where

BE=Frxix=TFww xii

BI; - % , %E « Bt
HE
Y27 nEk
Within the lienit of small increments in K, we can sTite
dK F
WS (217

Hut this s not e case fon fhe electron i 4 solid becauss the extemually applied force 15 oot
the only foree acting on the clecions, Forces associated with the pericdic laltice are also present.

Acczlerancn of an electoon ic wave pucket ina selid iz equal to the mte of change of its welociny:

Aecelkration of an electron ina sulid ~ -5 — 3 [4E] _LE_
Acceleration of an electron i a sols T dal dp ) {dpHde)

o _dr
vy = In
dk T
at A
dk
- Itl J—
| % T
Jdk F
But FTy from Eq.{ 2.1
F_*a_i“d_n] E_F gL
adt | d.p] k- dp:
-1
d- F dug
= FI'! —_— —_—
oT F b4 kdpl] A lljt
This is of the foam, I* = ma, from Mewton's Taws of Motion,
¢3!
d*E dv
where m*= 47y 71 and a= —£
Ldp dL
dv
'F: = _!:
BT

where m* 15 the elfect ive mass.
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I an elaciric field £ is impressed, the electron will aceelerate and its velocity and energy will
ingreaae. Hence the chectron is said to heve positive mass. On the ather hand, it an electron 15 at
the upper end of & hand, when the field is appled, its energy will increase and ils vehwity decreases.
S0 the electron is smid to have negative mass.

In an atond,
-

Coulombs foree of alrachon = 5
dre,r

I
Cencripetal Force = “%

Equating these two forces in an atom,

i 1
c mw . : :
- v = wehro ity r=madws of Orbil

‘1
dme, r r

?
£ my!

dm e, r

et

-
L3 FI =m¥T

vl 330

r= . I
4w €, my

nh

BuL myr= h = Plank's Constant; n = Principle (uantum Muomber.

_ rh
YT 2mmt
Substituting the valwe of v in Equation § 2.2 .

:‘1' * J’f:lTi mirl

e 23

r- - 0
I,1
4ne,.mxn"h

1
nhk’ e
= {241

Lhg

This is the expression For radii of stable siates.
Energy posseased by (he aton iy the stable state is
i

i

W - Rre, T e 207)

Substitubing the value of v in Eq. [ 2.5, then
o ezxﬂimfl
fne, n"h g,

me 1
—

W= — .
Eh:Ei n-
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Thus energy W corresponds to only the coalnmbs forge duc 10 attraction between ground
electoum (peeaiiy e charee) and proten {positive chargs)

FProflem 1.1
Dretertwine the padivs af 1he Towest state of Oround Siale.
Nerleminn
n=|
bh* =
r - -
Ime*

Plank's Constant, h = é&.626 « 107 Jsec

Penm itwvity. g, = W36

Suhstitating the valees and ssmplifyring,
r-0584"

1.4 Avomi Fyeri:y LEvRLs

Tur difieremt glerments. e viloe of the e elecron cemncentramon will be differenl. By spectroscopic
analysis we cun determine the enerey level of an ebement a0 different waveleneths, This is the
characteristic of the piven elenwent.

The lowest cnergy state is called the normal lewvel or pround level. Other stationary states
arc oblled excifed, radiming, critical or rexemance levels.

Cienerally, the energy of different stuteys is eapressed sn ¢V rather than in Joules, and the
emitted radialion 15 expressed by ais wavelength A ruther thun by s (regquency. Chis is only for
crnvenienae 2nee Jnule is a larger wnit and the energy 15 small and 15 ineleciron volts.

_ Wro W
T h

¥

-5

C = Velowity of Light — 1« 10'% ¢ ¢ ses.

h = Plank s Constant = 6626 = 1077 ] - gec.
f = Frequency of Radiation

L= Wavelenuth of ematted rudiation

Wy and W wre the enerey levels i Joules.

|1 ev - 1.6 107" Jaules |

.

™

B i mee
h

=

R P (A A R KT
h 8,626 107



W Eleciranic Drevicer and Carcuils

E| and E; are energy levels im el
310" g g 107!

o YT (E,—E el &=10'F
(a0,
A L L,
"7 iE:-E.)

where A is in Armgtrong, 1A = 1F*em = 105" m. end By and E, in eV
2-1.5 Paoron Marcue or Ligar
An election can be in the excited state for a small period of 1077 to 107" seo. Afigrwards it
fenrns back ro the original stare W hea such a teansition dceurs, the elegtrons will inose cnergy
equal e fhe difference of energy levels (B - B3 This logs of engrgy of the giom eesunlts in
raciation of Bala The Frenquency of The enntied radianion 2 grve by
;o {E; - F-I.'_
- h
According to clazgical 1heory it was believed that atoms continwous |y radeate enenny. Bul
this iz not irwe. Radiation of cnermy in the form of photons akes place only when the transition of
clegirons will take place from higher energy stalc to lowor encrgy state, 5o that { E; - E- ), is
positive. This will noo accer iF the trangition is from lower energy state to higher eneriy state.
When such photon rpdiation @kes paeg, the number of phoéons tiberated is very lange. This is
explaneed witl a mmersial example geen el ow.

Prodfem 1.2

Fora given S0 W cnergy vapour lamp. 10.1%% of the electric energy supplied 10 the lamp, appears
in the obiravielet line 2,537 A", Calculate e number of photuns per second, ol this wavelensgth
emitted by the lamp.
Seodutiten

. 12,4641

Bo—

(F:-F}
A = Wavelenpeth of the enanled radiamn
Cjand E; ane the energy [evefs v el

(ks - E.} 15 1he Enn:rg:f pmv.ed I:'"r eac phaton ey of wavelength 2 In the erven prablem,
=2 A83T AT (B —Eq) =

12,406
(Ea-FK1= 'ﬁ-ﬁ = 4 {8 ¥ photon
1% of S00W epecay suprHisd to Lhe lamp o
i 01 wOS =05 W =N L See
. | 40 :
LW - | Msee

Converling this . “ro the election ¥ols,
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M5 see .
La=1 ™ 1y 3B ' v e
This is the Ltul émergy of 1l the photans liberated i the & = Wavelength of 2,537 A7,
_touleneigy
cneray ¢ phatnn
Y02 108 e o
1 88 e photen

- &4 = 10" phoonises
The Tarnp emins 6.4 1p!h plistons £ sec of wavelength A — 2. 5374"

Numhee of phatons anmtted per sec

2.L6 Joescmareery Pyt EnILAL

it the mosd looaely, brond elocoron [ ITee ebactran ) ot an atony 8 givew more 2od more enerey, it
rmoves i stabde stare (since it lowsely bound, e lendency 150 acquire a stoble stale. Electrons
otbiting closer W tee muclens have stable stare, and elsciron arbitine i the outermost shelfs are
Iu-uselg.- beund e the mueleus) Bul the stable st acquired by the clectron iz away from the
nucleus ot the atom. [ the enerpy supplied to the logsely hound clectrat is ¢ nough Iargc. tn N v
1 away eompletely from the infloence of the perent neclews, it hecames dolached from it
The enargy required b detach on clectron i3 called lonizoripn Poreptal

L7 CoLolsions OF ELECTRONS Wit & rioss

T a hsasely boond elecorean has o be hberated, enerey s e be supplied to i, Consider she case
whien an eleciron s acce levated and collides seath arn b, 10 sbectron s moving slowly with
les emerp, iwwd collides seitlan wom . o gels defected. e i dirscthon chanoes, i no consderable
chaogee vccurs in energy. This s called Exaseic Coifiviem.

If the edzciron i having much encegy, then this electron tranatgrs its cnergy to the looscly
hound ¢leeiren of the avom and may reove the eleetran From the atarm iself 5o another tree
clection esulis, IFthe bombrd g clestnon s e wng ey prealer than 1hat reguired oo hiberme
i doosely boand electron Irom wom. the excess everey will e shared By the bumbarding and
liberited electrons.

Prodlem L7

Argo resumangg rid 2t corcespimding teodee 2nergy of 1.6 W fally ppon soduuy vapor. Ta
plecrom wormZes an unexsined sodiurn o, with whbat spead s the oleconon gected ? The anizaton
potential of sedium s 51T eV

Nofwriar
lonpzation potentinl 15 the e mum poteniial negwired @ bberne anelectron from s parent adom.
Argon enorgy is 116 ey, lomzation Potential of Na s 202 ey,
The enerey pussessed by Lthe eloerram @ hicl is egeciad is
IPE -3 12 =>0648cY
or Patential. Yo- 048 valis { - eV enerey, potential is [V ¥

[ts vz lengi by vE o = E01 010 Jpdy = 1LE1 & 10" migec.
1| 11k
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Lroslem 2.4

With what specd mwst an eleetron be travel g ina sedium vapor lamp in acder to cxcite the yellow
line whose wavelenpth is 3,893 A%

Seforion
. 12400 wa ey | Corresponding 10 evergy of 21 leV,
TOSEQY T the porential is 2.0 Yalrs )
Y- 200 Yihs
. ey P— .
Lo Welocity, v o= 'il_r'l =29l =00 Jaq) =RAl1 < 107 miec
'
Problem 2.5

A radwo trensmingr radiates 0G0 W ag a frequency of 1) M7
a)  Fhar iy the enery of each radicded guoninm is ex ?
() Ruw monpe glarto are carilied e second &
() How mar) guodie de elrdted 8 soch perind of weltlation af the
rlzedrammagmetic ficfid
Eeludine
(ay  Frnergy of gach radiated quanpen = E= hf
f=tMHz = 107 Hz, h = 626 = 19 Joules f sec
L~ 6626 = |7 107 - 6.626 = 10757 Juules ¢ Quantum
6.A26 = 107

= BV =d.0d « 175 eV f Quantuny
Gx

(b) 1% = 1 loolefsec
1000 W = 193] Joules/zas = Total Energy
Crneruy possessed by each quantum — &.624 = [1) Y JoulesCuantum,
[ Ik

— = =5 ||}H-"EEE
G628 10 ©

Toeal nowmlver of quantd per sec, W=

(c)  Ome gycic 107" spa
Momber of quants emited per cvele - 07" = 1,51 « 10%°
— 150 = 10F per vycle
Prodem L&
(W Fhat is the minimam spead with which ot glectron mpst fie travedling e order

Pl o goblisias heoweer 0 and uh aiexcited Neowr diom Bloy FesN B FiRTiZntion
of iy arom?  The fosizanon Potenliaf of Meoa o 215 F

(h)y Iy i fhe erinieum freg oence) thot o ghotor can Rave ard sl be ehig o comse
Photo-domization of a Neen atom?
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Kol rotionry

(a)  lwezatwen Potential i 21,5 %
) H IE' ) c |1.| = o ,
Yelogiy - III? TEQIx A M=t 2R e I e

Wavelength ot radiation,
[EA0L 2400

K — = - Tq 3
ibr) ASECE o CoTTA
Fraquency of radiation,
C Swn® - I+
1= T g T

Prioffem 2.7

Shww that the Eimes for one revolubion of Use eleciron i the dewd rogen atonen acimealar path aecand
the nuclews #s

Foderiieest

Ve T
Y dmma, r

o2 amfamme, o 1w {bame, )
¥ - 2
Hut rasdies, r = :h E_W
= _I“ "
4‘.."" e - ""'f}
ProMem 1.8

A phaton of waselength | 4800 AY 15 absorbed by cald mercuny vapor and twao ather phonens e
emitted. B ane of these is the | 850 A" line. whal i e wivelength 2 of the second photan 7
S iR
) 12,400 12,400 r
{E, - Lyj- L Tl ~ #.56 eV
18507 &7 line is Tron .71 £V i bV

- The zeeond phodon must be from 886 w0 8T ey,

S0, AE =215V
A
{E,-F,]
. 1zAu
= = STAT &Y

O 3
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2. 1.8 METASTAHLERTATES

An atarm may be clevated to an exested crergy state by ahsacking 4 photon o fregueney *F and
thereba mowe Erom the level of cpengy Wy to the hlgluﬂ enerpy level Wi wlhere Wy =W 1 1S
Bul cortun states may exisr which can w2 excited by claeiron bombardmenr bt ot lr |:.h|:.-r4_1
cxeaiatian dabsorlng photoms and raismg w theescited 51916 ) Seecdle fevels are culled meiasteble
AFerdes. A teamsitin 1ham g matasrable level wsosermal siie with the emissien ot radiation has 2
sery lowe probabality of cecorence Teansiteom Foan Digher leeel oo metestable state are peerminegd,
faud] scvedra | of iremse wall oo,

An ¢lesiron can be in the metastable saate for about 137 10 19 sec. This i the mean life
ol o metastuble state. Metestable stote has 1 long lifetime Begause they canpot come o the
nommal steie by emitting a photon. Then i an atom s in motastalrle state Tow will i comee 1o the
nurmal stace™ Iocannot eedease nplntan toocarg 1 narmal siate sinee this is forbidden, There fore
an agenm 10 the merastalie stang can eeme fo murnal stale undy by collidang «ith anotieer molecuole
and] Eivieg yp ats erergy W the uther melesole, Anather possibi ey 1s the abem o the metasiable
sLile may rescm v wdd fional enerie by seme means and henee may be elevated wo a hicher encricy
stale frowm where a transition to nomial stabe con oceur.

2.0 Woave Prary s oF M1 ICe

A ulom may shacrdh a photen of Blequency fand moeec Trom 1he crergy leval W 1 the highar
encrey lesel We- where Wa = W. + hi

Yince o phawon is abaoched by only aae aton, te photnm aets w il il were concemtrated o
ong poutt in Spage. B0 wrave (ropetics can sl be atiributed to soch atoans and they behave like
raricles

Therctorg according W 'deBroghe” Ivpothesis, dual character of wive and panicle is not
limited mnoradiation alone, bog is alsoegs hibited by pantic e sue as cheatoons, awems, and molecnlss.
He calewlanged dhara pantiche o miss i aeelling with aos2lacive v has aowivealenith & given by

. l b [ & 18 the wasglengrth of wuves consrsting ol these
mY p i rhise e ),

whete "po s e momentem of the particle. Wicee propenies of moving electtons can be made use

Le explun Bohr's postoloes. A stable orbit 15 one whose circomference 15 exact v egual 1o the

wivelength & or mh where now an inleger other than seno.

Thus 2nr—ni r-radies of ochit. n = Principle Cuantum Mumber.
Bt accordine o DeHroalis,
. h
Lo
s
nm
arr - —
i
. . . - . . - - H
Fhig eyuation s olentical with Bobe's cenditen. nvr= ——

2.0 ScvropiscEs Egvarmey

Schrodinger carvicd the implications of the wave natnre of edecteans, A branch of physics eolled
Have Mechanicr or Qugnrars Meclrawics was developod by hime 1t deRBroglic’s concept of
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wilvte nature of electrons is cormect, then i shewld be possrble e dedoce the properties of an
tkectron system from & mathematical cetationshp cefled the Wave Fgaaidon or Schrodinger
Feuniion It iz

I
Tig-—-" 7 _
FEREY 11, Y . [ )
, pEoar gt

whery i gx? At ) 1pt
L . [

dcan be & sompeaent of clectris field oF displacement o pressure v 3s dhe velosioy of the wave,
and 17 s dle 1ime.
The variable.can be eliminared i the equanian by assuring a olution.
by 2 0= g ey, ce™
This represemts the postion of & particlear ' in 3.0 Maodion.
t = Angolor Frequeney = 2 af
i3 regarded a3 constant, while differentianing.
¢ is a fupcdionafx v £and t,

Bu wors i enction ol a, v and 2 enly
To get the independent Soferodimger Epuarion

éi ) .

¢ jwwlxrzket

E

g

PREET A ORI
But - 2rr
54, o= 4nf F

Subsniumning this w the oniginal Sckrodinger s Rgusiion.

. 1 ] ;\-
ol ‘i-"q.l+1lr—11-if[ f?w} =1

B . Wirvel " Veloily
ut A= I avelenpth - —I-'rv:qucnc}'
2 dﬂ.z
Wi - ) g =1 U e )

h h .

Bui - - v~ Weloctty,
my p

p—my

This is deBrogile s Belationship.
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Eun pz -yt - 2 ¢ Kinewe Loecpy 1n - KL - Ayt

Kinztic Cnergy —latal Creeey (W} - Potential Eneray (U]
P2 W-U}m

L]
]

M i -
TEREAW O (2.6.3)
Substitiding Ey. (2.7.3) m EQ 42,72 we peL.
1
3 L
WE T;.m (W - - 0
1

This is the Tome Independent 5 hrodinger Fquation 4 is a function of 't° Hor tes equation as
shin is o containimg the tem 7
2.L.1F  WavE Fuseorion
T 15 called us the wave function. which describes Lhe I:”:I'Iﬂ'r'il:;r of the parwcle. M s a quantiby
whose square grves the probabiliny of Binding an electran. 3 |5 dx = dv = dz ) s proportional te
the probability of finding an clectron i volume dx. dy and dz at point P, v, 2).

Four quanium numbets are regquired Lo define 1he wayve funclia. They ack

L. The Principal Quantum Number *n' ;

s awantewer 1,2, 3, .. Thes earnber Jeteennimes the wlal enecey assoesiated
with o state. I is same as the quamuom number o' of Bobr atom.

L The Orbital Argatar Mamentum Duantum Noméaer |
Iovakes values s [, 2. 1. in =1}

. . . h
The magnitude of this angulur mementum is i K+ 1} = o=
P

[i iedicates the shape af the classical orbit.
a. The arbital maeneric mumber s, ;
This will have valuesU. 21, L2 £/ Thes seubrer gives o oricntatian of
Lthe classizal orbit with respect wown applied nagnedis Meld.
I"Me magaitue of the Angular Momzamm along the dipestnn of magnetic

L

“h
field - m: =
RE

4. Electron Spie -
Igwas tound is 1925 that in addition 1o assuming that electron orbils round
The g lews, it i #le necessary w assume dhat electeon als spins sround iseld,
in gddition W erbating round 1the neclets, This itinsie glesinonic angutar
mumentum is called Eleciren Spin.
Wlheak an elechion system s subjected to a mapnete Held, the spin wxis will
arbut esell ciher parallebor anti-parallel w the direction ol the Tiweld. The eleziran

. T .
anpular mumenloem 15 given by o 8 —— | where the spin guantum i, 15mber
Lo

may bve vaiues +1 or =1,
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2.1.12  ERFcTROSIC CONEHGURAT IS
Parr1's Fxenrsios PriveeLE

- . - g r
vt clecrrons i am glectoon systeny can bdve the same <o of Fowr quantum nembers n, fom
and m,.

Electrans vl occupy the lower mnst quantum state.
ELkv:TRONM SHELLS [ PRISCIFE OUasTL b NUMIDER )

All the electcuns which have the sime value of “n’ moan atom are said to belonp to the same
clectron shell. These shells ane dentificd by letters B, 1. 8, M comresponding ton =12, 3. 4.,
A shell v subdwvided ineo saeh shellz enrresponding 1o values ol fand identified as s, pod, F, g b for
F=00 003, 5 rgapectivaly, This is shown in Table 1.1

Tuble 2,/
Shet] ... K I W M
(T [ 2 1 4
I ] n . 1 1 t o 4] 1 2 3
suhshell . ... E s ' om g n d E [ d I
b, nf sl al el a1 alm| 2] 6] 6]
eleciromn 2 K 14 12

FLECTHOY NukL1s ayp BURSHELLS

umiber of Elccirons in a sob shell = 325+ 1)
m= | coresponds i K, shell
I = peprresponds to 3 sub shell
=, ., . n=11iFa=1,
f=0is the onlvy pnssihiliny
Wumbser of electrons in K shelt =2(28 + 13— 2{lk+ 1= 2 electrons.
E shellwill have 2 elegrnns.

This is writtcn as |5° pronrmnced s “are 5 awe' | [ corresponds to K shell, n - o5 isthe
sub shell comrespomds to 7= 0 wumber of clecieon 15 2. Therefore. |54 ]

mwn=12, iis ' shell
1 V=11, itis s suhshell
IF =1 itis'p” swhahcll
Wumiber of glection in s subahell (e f=0p=2 < (A< | =20+ [}=2
Wumber of electrcn i pt sabshedl (o, F= 1)=2[0] =21+ 1} =0
In f shell there are o sob chells, s and p,
Tocal nomber of electron i shell =2 + 56— §

Thag can be represented as 25 Ep“‘
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fo- 3 M is M shell
N has 3 sub shell s, p. d, comesponding to d=10. 1, 2
In s sub shell number of electrons (F=0p=2{ - =01 2021 =1}
I p' sub shell number of alacwrons (F-11=2(2 + 11=6
T *d" sub shell number of elecirans (/=21=X2 =2+ 1)= 11

Towal number of electrons tn M shell = 10 —-5-2=15§
Thisx can be represented as 1s” 3|:|m 3d™

: Is' 2sf 2p" 357 3p 30 4 4p" A

ELELTROKIC CONFIGUERATION
Alcmis numtber 27 ives the nurnbec of electrens I.I-TIJI[1IL|E‘ round 1he nucleus. So from the above

analvsis, ebecieon cenfiguralion can be given us 157 257 2p" 35! Firstk shell{ =1 395 1% pe Blled.
Then Fshell { n ~ 2 }and 50 0m.

Ion 'k slrell there 1s ong sub shell {5%0f — ). Thes has to be filled.
tn -L shell there ure two sob shells and p. First - 5 and then poanc 1o he filled and snoon.
The sum of subscnpls 2 + 2 - 6+ 1= L. [t 15 the ateme nenber represenced as 2.
For Carban, the Adomic Mumberis 6., e, £ = 6.
The elecirom conRgucation is |5t 25" ?..p-l
Forthe e £=132 Spthe elecurom configuranon of Ganmaniam is,
5% 257 2p" 35° I 30! s 4t
Forthe %1 £= 14, Bothe electranie conkiguration of Sibcon is,
' 5725 2p% 357 3p
2.1.1}  Twees oF EILECTRON EMissioh
Llescirons at ahsolute peno possess gnergy renging from (Fio B 1he foemi level. [t is the characteristic

of the sabstance, Rt this enorgy is not sufficicat for electrons iy escape fom 1he surfaoe They
sy posses energy Ep = By + By where Fy i the work function in el

Eyp = Baricr's Energy
Fy Fermi Lewc]
Ew ~— Work Fonction.
Different 1vpes of Emassion by which electrons can emif wre
{1V Thermfonic Emission
(I} Secanduary Envissing
(3Y  Phoviselectric Emisxion
3 High field Encssiing
1. TUERMIONIC E M55

Suppose, the metal is in the form of a filament and is heated by passing 2 curent throogh it As the
temperature is increased, the clecirom energy distribuition starts in the metal changes. Some electrons
may aequare energy greacef than Ep sufficient to escape Irom the meal.
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Ew : Wurk fumctivn af « metal. It reprecents the amanni of guergy thal st by given
fur the eleciron i he ohle Py escupe from fhe melil-
I is possible fo calcalme 1he nomber of @lectrons sirikieg the surface of the metal per

sepend with sullcient eneray 1o be able 1o surmount the surface barrizes and hehge eseape.
Bused opon that, 1the thermiomic coreent 15,

1'.I| =5 x A T: c'b".":T e 27 1
Inis alsa worrbien us
-F. ]
Ao y=anr? e T = AT T

Fu
whers =A, and R= T
where - Arca ol 1he filament o m' ¢ Sariace Area }

A
R
An= (nnstanl whose dimensuins are A:me K
T = Temperatmre 'K
K. = Halizman's sonstand oK
E.= Work lunction ingy

This equatinn 15 callod Thermionfe Emistivg Curend of Richardsor - Dusfrean Egumiion
F,, i% alse called as latent heat of evaporation ol 2lecimns simalar o evagorution of melecoles
fram a [jequid

Taking Ingarithims

i
law I = lop (5 AL ﬁ e 1 lan e

;I_:“ .

b [y, =2 log T = log 5 Av -0 d3d KT o

log e - 0434

Socifa praph 1 plomed between (oe b, — 2 lop Tr ¥y, % the resul will bz stepiehl line

having a slope = - (0434 | : ficem which Fo- cam he determaned.

F.T
- Ly and T wan he s iemined experimenially
g i= 4 very strong funetion of T, For Tonestgn, By =452 ¢V
ConryT POreNTIAL
s icker bwe nectals in contact with each ther fommingg junction a1 C az in Fag 3.8 _ The conlact
differene nf potential is defined as the Parcnnal Ditkerence ¥ 5); between a poiot A, fust out side
meetali and & point B just cutsede metal2, The reasen for the diffzrenee of potential is, when e
metiel s are geined. elecirons will s Erons the metad of lower Work Tenotiva, san 5 o the meal of

higher Work Monchion say 2.0 - Tw = L Ep elevtrons f knser wark fienstion means By is
small or Cpis laree 3. Closs ol electrems frorn metal a2 wilE cooninue ] mecial 2 has acguired
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soflicient negalive charee o repel exica new electrons. B value will be almast same far all
melals. Bat Ep differs signifoicantly.

N,
i

”'H.\I‘\\:h__ ) E;

gt

Fig 2.7 Contart Pritenpial

Tnorder that the fenni levels oT buth the metaly are al the same level | the polential eneroy
difference Eag = Ewa — By that is. the confecs difference of peteniial energr hetween fwn
mefils 1 equal fo the difference hetween Reir wark funcrinons.

16 metale | and 2 are ximilar then contack potential s zero. Of thay aee disgenilar, the metal
with lpwer work function becomes positive, since it lonaes e lacirons.

ExERGIES OF EMITTED ELECTRONMS

At absalute zens, the electrong will have energies rabging from sero 10 Ly So lhe elecirons
liberaned froum the rmetal soefice wall alse have differemt enerpies. The minimuom eneney reguined
i5 the harricr potenlial 1o cxcape from the petal surface, Buor 1he efectroms can acguite ek
greater tham Eg toeescape froan the serface This depends upow the minal enemy, 1he @lectrons are
porsgessang At rackhy tern perdture.

Cunsider a case where anode gnd cathode arc plane parallel. Suppose the veltage applied te
the cathnde i lower, and the anode is indinget by beated. Suppose the mining m coergy reguircd ti
escape trom the metal surtace iz 2 ¢V, As collector i3 ata potendial loss than 2V, ¢loctrons will be
eollected hy the collector. I the voltage of cathade i3 Fower below 2V 1len the camenl also
decreqses exponentaally, bar pot abropdly, [T ¢lastrons are being emitied Irom catboode with 2ev
engrpl, and the volliee 1= reduced betew 2%, then then: must be abrupt drop of current to zere.
But il dowsn't heppen This shows that clectrons are emitted from sucface of the emttter with

different velociies. The decrease of current 1= given by | = [hc ¥ where %, is the retarding
potential apphied 10 the collector and ¥ 1z Vol equivalent of temperature.
kD "
e — L — .
Vr " e e i 2.8

T - Temperature in"K
K -~ Bolwman's Constam inJ7K

Scnorrey EFFrm

I acaode is heated, and anade ag prven a positees potential, them here will be @ leciron @mssion
due o thermwionic enmssaen. Then s acceleratime Niebd, since anode 15 at a pogiove petential, This
accelerning Nield tends 1o lower 1he Work Function of the cathode= material. 1t can be shown that

under the condition of accelerating field F is
_ O 12T
| Im C
where Ly is the zero field therminme current and T is cuthode lemperaire in oK.
The eflect that thermionic curment continues 1o increasc as E s incressed § oven though T

15 kepl constant 1 iz known as Sefantky Effact.
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L. Sromiizamy Emssios

Thes emission results from a matenial { ma1al or diclecirye Y when subyected 10 electron bomberd ment.
It depends upin,
Foofime ewevgne of che poisreey olecieom,

I

e angle of incidence.

L.

1he nepe of material
4. The pfesecadd comaiteen of secfce - wivedhier serface B sivradd or reush
Yield ur secondary emssiom ratic % 05 detined as the ratio of the number of secondany

clectrans to pramary electrons. 1os amall for oo e metals, the value being 1 500, By conta e nataon
nr miving 3 coating aF alkali metal on the serface it can beamproveed o [Gor |3

A Fuorrn Frecran EMISsi0

Fhato-Electric Emisaion consisis ot liberatinn nf electrons by the inzidence of light, on codain
surfaces The epergy possessed by photans is b whore bis Mlank™s Constane and fis heguency
ul meident ighe  When soch g photon impinges upoe the metal surface. this eners by gets
tramsferred & tae electitong close 1 the metad sorface aehose enerey e, vers near Lo The hamor
peHentizl. Soch electrons pan enery. o overcome 1he barrier potential and escape from Lhe serfece
al the metid resuling i phote elecine emission

For photeslectric ernissiow to taks places, the energy o the pholon muost st lea st e egqual o
the work function of the metal. Tl s b = o8 where §ois Lthe voltage cquirvalent Yok Funclion,
i1 c. Work Fengtion gxpressed in Yalish, The erfeforum frequency that can canse piota-alecfeic
emission i catled Mhreshiold freqaencr and 12 gaven by

i
Sy
The weavelen gl correspendig wo thaealold frequengss is called the Theeshald Havelength.
b
i I e

[T 1he freyuenca o radiatiom is less 1hane fr.ohen additicna | enargy appears as kingtic energy
of the pimitted electron

hf— o4 ¥ m e
¢ 15 Lthe Yol equivalent of Wark Funchion.

[2ayr
I.' - I
Vom
¥ s Lhe Yelocite ol electmns in mrsas,
[ = = ow < &V | R L
Laws oF PHOTO ELECTRIC EMissins
1. Faor eoeh piate vansitive moterfal, There i threchoddd freouemey Belos

whpc Sl DRELRian s unb fake p.":i':.'e.

X, The aemoarng of phoe gloscre emisiion focurrens) iz propertional (e
HHeRSHK
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LS Phoree wlectrie pesvion s aaskenimeons. & Bl the tme lag v i
REIG-gus |

4. Phoda edectric curremt i amossaalt of ecidest Tkt dependy wpirs T
4, B Frern Exfpssios

Suppose o cathode 1z placed inside a vory inlense clecreic field, then the Potential Encrgy is
reduced. For ficlds of the arder of 107 Vem, the barrier may be as thin as |00 A $a the elecfron
will teavel chrough the bareier, This ermissiom s called as Nigh Fiefd Emission o Aule Elecironic
Eneission.
Problesm 1.7
Estimate the percentage increase in emisswen fenm g Tungsien Filament when its femperatuce is
taised Ereem 2400 0 2410 VK.

Ay - 602 = 107 At KR!

B - 52400 °K

A and B oare conssants o thke gquation far gairent densily J

Sedfusdon

15 = H.T1 = 1142 &4 mf

IR, =ATSe M =1z81 4 rme

[261-1kd42 .
Perceniape Incoease — Tﬂm [0.530%,
Problex 110
A ph-::-luelne::lm cell has veesium cathade  When the citlode 12 il lseripared wirh Highe of & = 5500
* 19 " m, the minimum smeda virltupe required w inhibil burlt aneade orrrenpt s 055 Y Caleulate
La ) The wark furction of cosinm
Ly The jongee & for wheeh plcota cofl car furcuon

by applving 0.35% 1w anode 1he emitled @ lecirons ape vepelled. So the ¢urpent can be inhihited

Senrelicn
(m) hf=ch+c¥ V- 155 vaolts = Work Function {%F) -7

JF_

-..Ir-«.

o h: =e[g—¥)
Mank's Constant, h— &.63 = 10777 [ gee.
Charge nf Elecione = [ 6= (077 C
Velacaty of Lighd, =3 = 1 misee

§ 6110w 3a 0

S50 10 1
b=171 Volts

- 16 007 g s
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(b Threshold Favefenod

i £h
L b
i Lzand 2400 _ N
T T T . —TZHA

Mraffam 201

If the temperature of 2 tungsten Flament is raised from 2300 g 29240 "K, by what percenlage will
the emmassiow chiange 7 To wheal semperatore must the filanssnt be carsed o order H.r:duuhh: iy
cncrgy ar 2300 "K. Fy for Tungsen = 4 52 eV Rolirman's Comsiang K= § 62 « 10 V7K,

Safion

{2 I = 5.4, T
‘laking L.ongarithme.

hv.1-.l

C
MNlip-Xlog 1 =m HAn—k—."I‘.
. - 2 By tdl
Drifferentiating, I\'_I‘*E* 'TI
die (4 Byl [ 1.52 20
- |- 2= - - 71.4%
i kT T 862107 B30 ) Z3m
i Ly — S.Ac (200F gbennT0m
-4 7

My~ & Aa [TF ghetan”
Ratio oF these twn cquation is
. |.flu* . 2o
o 2504
Taking log to the base [0,
U L1
T

log 2 - 2 log |:’-'_3nn_.| +::.H]1ug-.-

" ..I. _-_qILH_
Iﬂgl=2h::g_|_ iﬁJ = RS

- o *l 27 BN
o1l yon) T T

This is selved by Lreil @nd Error Method to get 7= 23700K
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Erohiowm 2 12

In 1 cxviloen, the magnetic ficld applicd is 1 Tesla, I the ions (electrins] crnss (he gan berween
the D shaped discs dees twice in each £yvcle, determene the frequency of the RLF. voltage. IFin
vach passaee through the rap, the poennial is imerewsed by 0000 valts hnw many passayes are
recuired o pradwce a 2 million volls particle™ What 15 1he diametsr of the last semicimele?

Safattne
B =1 Tesla = IWhm’
: : : . . 35505
Tiuwwez viken by the particle w desonbe one ciccle 571 = —n
355wl °
u W

when it describes ane cirgle, the parlicle passes Lthrough the gap twice
The treguency ol the B.F walage shounld b the zange
[ |
- -4 ""___EEE’*H']I"H
=7 <107 #
MNumber of possapss reguirad
In cach passage it geins 40000 volts.

Tagain 2 mifRon slecr hs e o0
gain 2 rnillan leciron volts 40 105y

Liameter af fasf semicircle :
The initial velocity for the 20™ revolution is the velaciny gainecd after AU poyl ution.
Accelerating gatennal ¥, = 4% = 400000 — | 200 K'Y 49" revlution

3aT=107h e

Radis af the last semicircle - K - W W
' (I ——
= m%u'tﬂmkm- =47 18 = 1F* m

MHamcter = 2R = 94,76 = 157
FProdiem 273

The radiated pm'.-:::_l:dl:mlh necessany o maintain an oxide costed Blament a1 110K is Tound 1e
be 5.8 = 107 Wim®. Assume that the beat loss due Lo conductor is 16% of the rediation luss.
Calculute the total emission current and the cathode eMMciency 11 in mafr.

Taks
Ey = 1.0V
- 19 Armd R ?
S=18cm’
K = Bollzman's Constant in eV 75K = 862 = 107 eV K
Soforiar

Power Density — 5.8 + 107 Wm®
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1F 10% is lost by venducton, then the wral inpul power density is 1 F > 5.8 = 10% - 6.38 Wy

m* and the wtal input power is 638 = 107 = Arsa (1.8 = 10 Y1 11,3 W.
Iy = 5 Aoy T- o-Tm AT

- --I -
=18 10 = 100 = (11008 ¢ Bes W
§ & (gt gt

{’athiode Efficiency, 1 =

1.1 ENERGY BaND STRUCTURES

Taswlator 15 a very poor conduciur of electncily. Ex: Diamond
Resictivity.  p > 107 €2 — cm
Free electron Concentration, - 107 electrons'm’
Energy Cap, B »2 ey
Metal is an excellent conductor of electricity. Bx - Al Ap, Coppec
P 10 YO - om
Free clectron concentration, n — 1P electrons'm?

Fnergy Gap, Eg=1

Sermiconductor is a substanct whose sonduetivity lics betwaeen these twn. Ex: C, 5i, (e,

Dals ele,.
; |
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T E i -
I Crndusivin Band T ["nodmction Hard T 5
(=] i B .
= 3
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=
Feraidden Band & I =
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iFEI |.r.1:'| = L
L arddn
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=
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Yatlere Hanvd Yalence MNani & — —
(v H 1% B |
—#{Wave Veelor —> K — K — K
Insalator Semicond uetar Metn]l {Conductor} C.B

and ¥.H overlap

Flg 22 Erereyr band stricivres.
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Vor diamend, the valee of encrdy gap g is 6eY. This large forbidden hand scparates the filled
valence band region fromy the vacant conduction kand. ‘The energy, which can ke supplied to an
electron from an applied Neeld, 13 190 small 1w cany the particle o the f1lled salence band intg the
vacant fondwetioh baned. Since the electron can md acquire exteryally applied energy, condusiian
i5 impegsible and hence diamond is an insulator.

2.5 SEMICONDLOTOR

For Semiconducling miterials, the value of energy pap Cp will be aboug 16V

Geemaniom { Ge b as Eg = 0,783 oV, and Silicon i5 121 ¢V at 7K. Elestran can not
acquirg this much Energy to travel trom valenee hand io comdugrion hand. Honee conduchian will
aof take place. Bt By is a fonstion of tomperature T, As T ingreases, By decreases.

Far Silicon 81 ] Fy; decreases at the rats of 3.6 = 104 e K

For Garmaninth By decreases at the rate of 223 = 107 ev K

For Si, Ly~ E2L=36= LF* =T
For Ge, Ep=0785-221= 1075 T
The abrence af an eleciron in the semicerduciar s represented os hale.

1.2.3 METAL (CONDUCTOR}

[n a metal, the valence band may extend intn the Conduction Rand itselt. “There is no focbidden
hand, under the influence of an applied figld, the glectron willacquirs sdditional enecpy and moys
into higher states. Bince these mobile elecirons constilete 8 current, this substance is a3 conductor.

When un electron moves feom valence band into conduetion band inw metal. the vacancy g2
sreated inthe valence bund ¢an not aet 3= 4 hole, Singe, m the case of metals, the valence
cloctrons are longely bound in pagent atom. When they are alsa in condoction, the atom can pull
another electron 1o fill its place.

In the eneogy band diegram, the v ais 15 eoergy. The x axis 8 wave vegtor K, since the
encrgy levels of difforont electrons are being compared, The Go has siresture of,

4
157 25 2p" 157 1p® 3™ 457 ap?

The twa glecirans in the s cub shell and X in the p sub shell are the 4 clectrons in the
nutermost 47 shell. The Crermaniom has a crvstalline structure such that these 4 electrons and
chared by 4 other Germanium atomes. Forinzulators Lhe vulence shellis completelsy Bllad  Solers
ang o free electrons available in the outermost shell. For conductore say Copper, there 8 one
electrod in the culermost shell which iz loosely brmnd 1o the pacent atom. Henee the conductivity
of Copper ig high.

2.3 CONDUCTION IN SEMICONDULCTORS

Conduttors will have Eesisiivity  p =< 10" Oem; 0 - 109 clectronsfm’

Insulators wiil have Eesistivany px 10 f—cm; n=1l ? clegironsim’

For semiconductors valug lics bobween these twe.

Some of The different nypes of snlid state devices are @

L. Semviconductor Divde 1 Zemer divede, Tummel diode, Luyrkr amiforp
dficede: Faracror Dipde
1. SCR : Sificon Contralled Rectifier
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3. Tricsistar § BT ) i PANRNPN
FET i Field Effect Tronsestors

5, MONFET 1 Matad {hide Semiconduemy Fiald Effecs
Treamaaaiory

5. Frr o Lierinemciion Transivior

b, Plratn Tranciniprs

T. IPATT v Impoer Jamesanion Avefunche Transie Teme
Device

R, TRAPATT i Trapped Plasma Avalanche Trawsit Time
Device

9. BARRITT i Barrier Infecéed  Avalane e Trowsit Time
LDiioe

Advantages af Semiconductor Devices

L. Jdrlaffar M i
2, Raguives N cathode Jaating pewetr (ual i wpt e comipared to Facuus
Thbes )

3. Thew opercie o dow D g,
4, They have lomg e (Tubes will pop ap fregueniiy).
Disadviratapes
1. Fregquency range of operaifon I low
2. Seraglfer power ontpil
L Low permtissthle gmbieat femtoerarirr
4. Nojse ay more ¢ becayse of recombinoiiar defween frolfes amd efectrons ).

I & menal, e outer or valence elecimens of an anrm are 18 much associaned winh owe o6
[ac parend 33arm ] as with acoaher, s that the eleciren auachment oo any individual eooem 15 .4 hnost
zers. Inother wirrds, bunid pooupied by the valence electrons may nol be complete by fitled and thist
theso are forthdden leviels at highor energies. Lepending upon the metals at least one and somaiimes
two oF three electrone per atom are free to move throughout the interiar of the metal under the
actiom at applied ficlds

Crerrmanium seieonduetor has toot valenes clecirgns. Eachoaf the valepee clectrons of a
ECrmanium afom is sharcd Tv wing of ils fDur ncares) Ngighbowrs 5o covalent bonds sesult. The
valenee clectenns serve tn bind one atoan o the next also pesult in the valenee electpon heing tiglitly
hound to the nuclews. Henee in sping of the availalibiey of feor valenge clegtrons, e ¢rysial has
low conducti ity

In metali the tanding force is nol sirong. 5o frec clectenns are easily available.

According to the electron gas theary of a metal, the elzcrens are in continenus motion. The
directian of Night being changed at cach collision with e inpinging {almost stationany] ions. e
average distance Retween collisions Is called the maan free path. Nince the motgn is randem,
an an average there will be as many ¢leetrans passing throwgh unil arca in 1he metal in any
directeons a5 in the oppuesile direclions. ina given ome. Lende the averazs cument is 2er, Whee
o electeis Neld isapplied.
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*ops it aannstant electe field e Yomos applied tethe metl. os e recult of the electrostane
force, the electrons would be accelerated and 1he seloe ity waald increase endetimately with tsme if
the lzetran will nateallides with any rdher panticle. But agiaally te elegiron collides with nomiber
of ionks and e [ges energy. Because of these callisens, when the eleciron le:es its epergy, its
velonity will aleo decredse. S finally 2 steady state condaion is reacbed wleere an imbinme value of
drlt veloviey " s anaimed  This dnfvelocite s in the ditection appuesi e Lo tbal ol the electric Tield
and iLs magmitude 15 proportionel o the lectee leld L T husvelocins is prepoctional s B ory - pds,
where pows called the ssmibilite of efectrans.

v MOE QLY - ME
10 IR ISR 8 s N wm.
Y M= m a, I
- - = : = m-y wilis-gec
H E Ko Valts
Muobility I defimed wx the velocity per anil shectese Field, The aniis are i iever,

Cucuuse of the thermal enerey, when no electon Neld 15 applisd, the metion ofelactrons isim
rendom nature. Wheman electric field is spplied. steady state drifl velozity is superimp:-a-:d UPED
the randam thermal mabion of the electrons. Such ndlmm:d Aaw of clectrons constiute a -;uranL
It the concentration of froe electrans 13 ‘07 (clectrons'm ] the coreent densaty 15 I, {a.lnps.-'rn 1

J new e T 2010
But velociy m |
. J = e pg
But T = [Eigna)

. . . N .
0 s the vonductivity of the rigtal w (C-m} " o mhosdm.

R4 |anw::| S A L

As temporalsre increesey meddiiy decreases This 0 analogons © lage number of penple
o e small roorne Thees mowesmsnt ol cach person is cestiicted. 15 [ess noceber of peasons ae there
the movement is large or mobibty s large . The electrons acquire Oroms thes applied Dield, os a2 result
ot collisions is givem ta the lakicg s, Dence poaer is dissipated mthe melal.

From the aboye expreson for conducomty, @ is proporiond] .

3 [

bt ‘0, the numibeer nf fres I:Icc1mn-=. Far a good conducior “i '\

N rery Iﬂrge. ~ Il aleetronsing. .F' frr a4 FHINIAfRF B I ey ' .}uuem .
smeall - 17 clectronsin”. Fur @ semiennidsuerar the . r‘”{ ..... g
wila af “u’ lies detween tlrse tewe. The valance electrons in 8 ,:ki?mr-----------s-"!@._-
semiconducior are aal free fy move like inoa meal, bod they are y My
trapped herween (1w adjacent ions Fig 23 Efectronic siructure,

Germarnum 3asz o fowal of 33 <lecirons i it atamis
structune, drranged inshells, Cach atarn ina Sermaniom srysil gomieibung feus salence cleetrnns.
The boondry forces between neiehbours allwins resull from, the fact s thar each af the valaneg
eleairons of a germanium atom 15 shared by one of ds fonr nearest neiphbours,

Electron & of atom &, s bound by abom A, Electron ey of atom Ao s bond by e atom
A, 50 becawse of this. covalent bonds result. The Tact thal valence clecirons serve e baund
atiim 1 Une nesad wlses resuls i the valence electrons being boood e the nocleos, Hence nispite af
aving four valence clectrons, (he erystal hay lew comdwg tivity [ Fie 2.3 7.
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At very low temperatures ;av (" K. the ideal structure is achicved and the semiconducior
bahives a8 an insalaror gince na e caraers of electricicy are availihle. However al roam
temperatirg, some sl cova leur ol will De beoken becanse nfte diermal 2nergy siepplied th
the crystal, and condustion is snade possible. A elecrron whizh Bar the greater penod of tns
Forties part of & cowdienr boad, rs shown as bermge dislodesd awd sa ves 1o wander in 2 random
(azhion throughout the crysial.

" . .23, andd 4. are Gie Alrons with 4 walance lecerons { Fig.
';;‘,x. 2.4 1. These fous valense electicn: o wach atlom aie shaled by
o - vlher atens and s bounded by covalent Do md s, gxcepr ol atom

1 ’

: | e et [. The electron of G abmr 1 is dislodged from s uriginal
i.»'-’/ _,f positiv, besav se ol Uve thernmal £nerey and so Lie covalent bomds
.y " bonding the sleciron are broken. 3o phes electee 5 wow 2 fres

L& A :,ﬁ-_; e '@; electren w wander anywhere iroihe material ull i collides with

2 .- .',' ' some other alom.  The absence of the slectron i the covilent
P bond is represented by w hobe. This s the concept of hale, The

e eneryy regquirsd o breek different covaient bonds wilk be different.

. E' E B at & 1ime prooim emperalune all the covalemt bonds are nol

Broken 10 create inoumerslle ree oleclrans,

The eweregy E, required 10 break such a covalent bond &3
abuwt 0.7F &V Tor Eiermanillm and 1.1 e¥ [or sdlicon (ar room
lempereture). A hole can serveas a carrier ol elesiricity. s sigemluzance lies e this characlerishes.

Fig 24 Covalens bords

The explanation is given below

When a bond is incompiete za that hole exists, it is relativery easy ora valence electren in
2 neighboueng alom o leave its covalont bond to Hi thos bele. Aneleciran moving from a bond w
(i1l 8 hale leaves & hole inits initial posetion. Henee the hole eftectively moves in the direcion
apposile to thal of tha electron. Thus hole in s new posiion may now be filled by an eleciron
broan ancther eovalent and and the hale will comrespondingly meeve one more sten in bhe direction
oppasite [0 1l mataon of the electron 1lers we havea mechanism for the conduetion of electricity
which does ot involve Free electrons. Only The electrens are @xchangrnge their position and there
by cumrent is flawing. In nther words, the correnat s doe to the hofes maving in the oppose
direction to that of electrons. Toexplain ths Turther,

1231 4 54789 [0
{8y o oo o adooon 4o
coo o b o Caao o

By 123 4567 8% I

Fig 2.5 Currertt fTuw by the movemenr of hiodes

In rowe fa} there are [hions in Fip. 2.5, Fxcept for 6, afl the covalard boad s of 1he wons arc
emtact. Tl ion @ has a beoken covaleny bond ar ene of its velence electrons got dislodred. 5o e
empty placy denotes g hole, Now imagine that an clecorn fiym ion 7 moves into the holbe an i
fi. Then Lthe corlguration isas shewn inros (D3 Fen & in1he rvw is commpletely filled, Thers s no
broken covalent bond. Bulion 7 has & vacdncy now, since it hay st one af s valence elacirons
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Effective [y dhei hole bas rmoved from an 6o a7, So e movenent of Teles is opposils tathet of
electrons. The bole behaves like a positive chiacge equal v mapmtmde o the eleciron clarge,

In u poire sennicenducior the aamber of hedes 's cgaed g0 the nmber of froe dlecirans
Thermal agiation coniinues 12 produse new electron hole pairs where 3s some nhee hole electron
puirs disappear as 4 cesult o recombination,

This is amalogons o passengets fravelling in g bus. Bus is che semnicnncducting matcedal.
Standing passenees ore Tree electoun, When a sining pas=enger gers down, a hebe s orated, This
hale is Nlhed by a frewe ebectron that is a standing passeneer. This process poes an as the bus s
moving (rome stoee Lo stape. [ ibere are nany standing, passenrers, without any vicant sedl. il i
analagous oo n-type semiconductor. 16 there are many gl vacant withoot any standinge passenger
it 15 ke a p-type semiconductnr.

o the semacanduciros are classificd as :

n-type Senviceadactor o e eleciron concentration n°ois ereater Lhan
hole concenration. n= p.
p-fepe Semiconductor : Holzconcentraion “p ik greater than tree ekecinm

concenration. g n
Fastrinsic Semiconductnr © n=g.

2.4 CONDUCTIVITY OF AN INTRINSIC SEMICONDUCTOR

When valence electrons afe exchangmg 1hew posmons. we say holes am mwoving Correns s
catiribaated by these holes corrent i nothing bur rate of Tlow oF charee. Holes are pasitivels
charged S0 hele moverngnt contmibules Tor Aow of carrent. Bevadse of 1he pogitive charge
movernent, the diréctiom of Ty cutrent is same as than ol conven tionod sarrem. Soppese 1o star
wille, here arg many free ¢lectrons, and these will T popving in rasdom direstions. A a2 or g
cunstituted by these electrons. So a1 any instan® the wital current density is summativn ol the
corrent densities due 1w bules and slecirons. The chans of [ee electroms is nepative aod i
mobility is w,. The hele is positive, and its mability is g, Uhe charge of bath boles and electeuns
are qame "¢’ A hole can move from aue ion 10 the nearcat whete as an electran is free to move
anywhere till i collides with anrdher ion ot treg clectren, Flectrons and hales mose in opposite
directions in an ¢leatrie {ield F. "1 Tough they are ndapposite 5ign, 1he correng du to cach e 15 in
(e Same directoen.

Courrem Densine, | = aE
I=npy=pigl s exb—o=E
n CBagnitede of Free Electren Concentmation
p = Maguitude 2T Hels Concentiarion
7 = Codnducgivity £30 gimoor Seanens
RO NTI Y T Yl TR g T
A pure ur inininsks sermcesductor is one i which v = = o whers o ig intrinsg ¢oncentration.

In & pure Genmanium st room lemperatoce. Teere s abowt e holeseleciron par e e very
2« 10" fermanium atoms. As the temperature increases, covolen bonds are broben gnd so more
Iree electirons and hnles are created. Son, increases, 8% the lemperstute ncreases, indocordance
with Ihe relavionshep,
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ny= MAaTie e L 202

Fio = Envergy Crupe ik @y
g = Clharpe elan Clestrmor hole
A =Cang1ant ar 4 semicandus .
. ]
forGe A —06d - 107"
fr e L= 0 TRS eV al0 "k
T Si Ei;= 12l eVarg"K
F5 al rom ignperalarg,
far (e = 972 W
for i = [V eV
T = Temperature in 3k
k - Bulieman™s Constant.
As o incredses wrth T, 1 conductiviny alsu mereases. with lempearature tor semicondoctor,
[n ather words, the resivtivily decreares wirh temperaiire for semsicondmctar. O the athey
hamid rexixtonce ipcreavas with femperaiore for metafs. This is becAuse, an incresse mn
temperature tor metals eeqults i prearer thermal marion of ions and heance deerease in e mean

free path of the free elTectroms. This 2aulis in desrgase of e mabilile of free slecirons and s
decreaze i conduclivily oF ingraaze n resistiv 1y Tor mersls,

15 DONOR 1YPE OR o-TYPE SFMICONDLUUTORS

[atrimsic or pure semiconductor is of no use since ks conductivity is leas and it cannaf be cherged
much. If' a puic semeconductor 15 doped with impuniv i begomes extringie. Depending upon
imparity doped, the semiconductor ey beente: B-fupns, wfutte gfeciroms gre I mafortn: cortie s
ardowar dpe, sincy itdonalss aweleetran. On e olher band i ghe meaiordy carciers are holey,
0O pefppe B eroopier Iepe somicendecter. bucause QL aveepls an electron 1o complete the
Lrokencovle i bond

Gerenaniom atom wrth ats #lecirony aeranges in shells will have eonfigoration as

1s* 25" 2p” 307 3p" 30" 4t 4p

e s errvalent 14Y, Ge” becomes sr-Ape it o penlavalent (55, impurity alems such as
Phosphoruz: (P, or Arsenic are added it

The irnpurily atarns have sice ol the sume order as that of Cee atorns. Because ol e eoeTuey
supplicd while dopine, the impucity alemn dislodises one Fom ns ooral position o the crestal
lanices takes up that position. But since the concentratinn of impurity aioms is very smal {about
1 2tom per millinn of Cie atoma ), the impuority 2lom is surreonded by O atomes. The imporite atom
is pertavalem. Uhat ds. i has 3 clecarons intha ontermost orbit (5 valonce clecteons). Now 4 of
fiese are shared by Oe atoms, sinecunding the impurity aoxm and they Form covalent honds. 5o
wie electron of the inputity absme is ledt frse. Do eneres regquirsd to dislodpe this Tifth electron
trom its parent impory aton s eery little af tho order af .01 oW to (005 2%, "Thes mee electron i
in gxeesa to the ree ¢lectrons 1that will be penerated beeavse of breakinp of covalont bonds due 1o
thermal agi1ﬂ1inn. Since g excess ¢lectron s avallable for cach impuricy atom, orit can denoke
an elecéran i (s calfed n-lype, or donor fipe semicorlacinr
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2. ACCETTOR TYPE R p - TYTE SEMICONDUCTORS

A anerinsee sem icondweton whewduped widlorivalen (3 irnpurity atcms like Bucon, Gallivm Indiv,
A luminiu €15, become s pely pe ar accepiur Lepe.

Because of The eneriy supplicd whele dopig, the empuriny wtom dislodpes @ne Ge atom from
thee crestal lattice. e doping, leve] s, Lo thete 1s ooe impuarity atom far one mallon Ge atoms,
the impurity akom is surceonded by Ge atem. Fow che theer valenze eloctons of pnpurine stam
are shared b 3 atoms. The founh Cie atom has no eloctenm 1o share with the impurine atam. So
the covalent bond is nol Filled o a hole exisez. The irnposiey arcm tries g steal ane cleetenn fram
e ngighboring Cee atoms and i dogs soowhaw sufficiem eneray is supplied o, Sahele moves.
There will be a natural endency in the erystal v Tenn 9 covalent bends, Tl impurty atom {amd
nol gust 3 since all 1l other Ge atoms have 3 cevalent bonds and the structure of Cie seauconductor
is ¢ rystalline and symanetcical. Uhe eneres regczd Tor e unpurity atoim io steal one Cre electron
A el o 8 ey This hode is i escesy Lo dhie Inle crewted by thermal agitation,

1T JONIZATION ENERGY

IFinicingic semivenductor s doped with phesphons, 0 ecome: p-tepe s Plusphorus s pentavalent.
The 4 ebectroms in the euter orbin af Plrusphorus are slhiared by the 4 Germanmm atems and the
fifth electron oof Plinsphorus in the auter el s o free electrnn B inorder dsan this glegcnon is
chmpletely detached from the parent Phospharys awnom, «nme guergy st he suppleed  This
cngrgy required o separate the fifth elecornn i called fondzarion Energy The valug of omzation
enerey forCermanium 1 0002 eV and in Silhcon, s 034 eV Fur different impariny materials.
these vilues will be dilferent, in %ilicon and Germuniom. As thes ereny s small, sl reom lemperalurs,
we assume that all che imporgy sfoms are i zed.

2% HUOLES AN ELECTHONS

In inirimsic semivondaciars, # =p=H. (n the product nox p— |'|-,". In cxtringic semiconducion
say o -Ovpe seimicondmeter practisally the eleetron voneentention, p = n; Asa gl Pobes, minarity
camict inn bepe. gugnanter o ifly feoe clegtreng, and thia probabibty is moch Litge since o 2= po ko
wilpen a hiole cacroanter @ Tree plectenn, hath plecrenns and boles iecombangs aod the plaze ol hodc
s e picd by dhe fleg electrans and dhs prabalailify s mugh bagg sinze fy 2> po The resultis ihat
heth free electrop and binde arg [k, 50 1he hale density ‘g7 degreases and alse that of clectrnn
densagy Rt Db sgill wo s> ag. This o5 alao oryg g 1he casg of p-fepe senigonducter g > o, n
decreases 10 Aceepbor 1vpe senngonduston as a result of regomrpagion, ' also deereases but
PE=omg Bobas been obsorved praclically theat the nel eomcentiznnion of the gleeirens and holes
fislloss s the reattien o = p— . This is ae approxarmate Tonula but soillsalid Thoughp' decréases
i r-depe semiconductor wilth recombination. “e” alsv decreases. bul o >> o, apd becavse of
breaking of covakent honds, mare Free electrnng may be crocated and “o° increses.

[ the cwse of p-gppe semicondoctor 1he concentration of acceplor anme Mo ==, Assuming
that all (he acceptor arnms arg ienized, cagh acoepior etom condribule ar least one hole, 5o
P == m; Hales are the ruajeiny carviers and e glestions mims ity carrigrs. As B2 0, the
cuerrend is crnateebatec alnast all by bales anly and the Surtgnr duc wcleetross s negligilly small.

W ampuritees nf hoth dopor 1ype and ageepior tvpe ase simubaneonsly deped nontrinsic
semiconductor, the net resulLwill pe, it con he gither, p-tepe or #-000 depending upon theer individual
copksentration. Lo give a specific example, suppose donar Ao coteg ntracic i 190 a, and acccplor
aterms concentraticn in o, Then Mg 00, The nuntdssr of clectrows vombinsg antribated by
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T corn bine with nwnber ol boles contciboted by Ha Sohe net e efectrens wifbe aqual e B
W U ML Such a semicenducton can be repanded as oo tvpe semiconducter, 1PN, o Ny Lhe
semriconductor remains intrins,

L. 1 IMeRS I 1AL A Oims

[marinsic or pure semrcenductor is practically oot available. Winle dopng 2 semicondus ior with
mpurities, pure Phosphoeross, Arscnic, Boron neAtaminmm may nodbe availahle. Thess imperities
hemse b will contain snme impontcs. Cammonly foind soch undesicable impurstaes are |ithiome,
Sne, Coppen, Mickelete Sometimes thes fea act ay dabae ar 382epiar alaans Sgek arams are
cetfiedd ws fmtershitiod afeers_ oacepl Copper avd Wick e ather imipae nigs da nat alTect much.

TR Errremive ¥ass

When quantnm mechanizby is wsed oo specidl fdeg medion of glegirmg or boles within g crysial,
Deiles i eles o e treiled] A imagimary pacticle s with effecl ive asis s meg Al Mg respectively.
This es valid when the external applied {ield 12 smaller than the internal periodie Dislds produced by
the lattice structuere.

Mosr metals and semiconduectars are crv<talling in trocoure, i, thoy consist of space
array ol atoms an a repular tefiabedral or any adber Fashion. Pl regulor pariers of afom
AFFIREAaad I cnliedd fafiice. Inthe cagse of naerals, e ench cevstal, rhe atnng ate very glnae ta
cach othee. 5o 1he valeney electean af ane atam arc &5 moch ascoekarcd with the nthor atomes as
wirh the parant atnme In acher wards. the valance elections are Faasely honnd o 1he parent atom
atd the walarng €lectnons oF v Mome aee shared By anather aoin. S0 every sich valence
electron Mg alpwest ceroaMininy wirbaes ivdieidual Morn. Sech elecirans are free o move within
the body of the metal under the infleence ol applied =lectric beld. Se cordaerivite of metals is
farge.

1 the ather hamd, for & semicondwz b alsm the walenee sdee trons
aF e atom are shared e the other atams. Bur fthesr dinding forrs ,"n"l
wre very steegg 5o the vilence ¢lecrrun s arg very mugh lesg mahile |
Flepce eomducliviny 15 less, As the 1em peraties isincreased, e cavalent
bonds binding the valance electirens are bioken amd 2l2cirons made . ',1

free e mowe, resulong in electncal conduction, e

Fiderce Efectrors e thie vner mrusl electton s arkinnge aonnd |I ||
the ruc lews. |

Free efectruns are Lhage valence electiens whigh arg separaed y Ib

fram the pareolatom. Finee the covilent bonds are brakess. Oermanium
has 4 valence elecirons. Marnber ol clecirons s wqual o omler of £57 &6 Covalent bainefs
preMons. The atom s neotral when oo elecimic Tehd s applied. Tnthe
adjaccnt figure, the ion is having a charae -4 (oircles) with 4 elecirons aceund (L The covalent
[wend 5 e shovwem by lines linking ane electron of one otnm to e nuelows of other awos (Fig. 2 6)

I.A.3 Hiues axn Fh Exs ELEL Tross

When a covalent bond is broden dwe 30 iermal agiraron, an electon s relecaicd and a hole 15
ereated i the steucture of thit particu lar atom, The ¢lestran so relcased is called free eleciron o
excess elecirnn xince it is mot reguired o complefe oy covalend bosd in it feremediace
meighbarkaad. Sow the ion which has last eleciron witl seek anotficr new clecon te H e
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vacancy. S becavse ot the thermal aaitation of the ervatal latiee, an electeon of another ion may
enme very close te 1he wan which has Inst the electron. The ien whizh has lost the clectmm will
immeodiately steal an electros fiom (e elosest don, to Bl is vacaney. The hiles move from the
irst ion fo e sccond fon Phen go elocreic fleld i applied, the malion af frze sleciran ix
rapdam fir maitre Bot when gleotnie Sield o appled, all the Free eleeteons ane Tined up and they
1m0vg fawards the pusitve electrode, The e perdad of g froe sleciron may be 1ii—vec ra f
miiifxecend after wloch it is absurbed by another o

2.9 MASS ACTION [LAW
[y iwie i Semivonductar agmbie of Fee elegtrong n=n, = o nfhalesp = p,
Since the arvatal v clecirically neidral, o, = n;.
Regardles: of individmal mugnitudes of 4 and p che product i< abaays consiant,
np=ny
"Ly
n = Al ¢ 7 e 2E
Ttz 15 called Masx Acrion Law.
2.1 LAW OF FLECTRICAL SEUTRALYITY
Lt Np s equal oo the comcentration uf doner anoms m a deped senmgendueior. 5o when fhese
donwor wtoms donate un gl&ctron, i becomes postively churged on, since it has logt an glecirog 5o
positive charpe densuty cuntributed b them s M " 35 the hole densily 1hen blal positive
charge density is Ny + po Similarly il N, is the concentration of azceplor 1ons, | suy Boren which
is frivalgnt, ian. acce(s an clectron, »n that 4 cleetrons i the rurer shell ere shaned by the Ge
atama 1, ¥ beoomes negatively charged. 8o (he accoptor ions cnntreboie charge — 0 Ny 4 n ).

Hince the Semicanductor is elecincal ly neuteal, when oo valtage s applied, the megnitude of positive
charge denaity most oquael that of negative charpe densiny,

=
-

Tatal prsitive charee, Ny + p = Totak nogative charpe [Ny + 1)
Myt p=™a~n
Ihis 15 knpwn as Law of Efecteical Nemirality.
Lanyiler n-ry pe martcrial with acceplnr ivn density by 0 0 Since it s n-type, nomber of
glecirans is == munher of holes.
Sa g7 can be n-r:glcn:h:d Al cohmpkarianm with o,
: = Mp.  { Since evory 1onor Atnm contribates one fres elecinm,

I n-rype ma!-e:rlal the fege elegtron eomecniration is appeosimately cqoal to the denziry of
dovira arcns,

I vetypee gearrennductor the clectran densitye n, = g, Subscript momdicates fhat ot is n-type
semicondycior

Rut Ny % [y =00

= Fd

1

n
— The hole density in p-lvpe semiconduciaor - #
[

_ |i|‘1
. SR P ACY
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Fimilary Hnle conceniragion in -Rype semicnnduciar,

F'n'_'N.ﬁ- .
np ¥ pp W
I"Il:I
n, - N, e 205

Prohiem 214

A spezimen of intrinsic Crermaniuz a1 Wl VK having a concentratesm of carners of 2.5 « 10" em
is daped with impurity aloms of one for overy millinn oermanium alcms. Assu ming 1hat all the
impurity atcoms are onised and that the concentrativn of Cie aioms is 4.4 = 207 fem”, find the
resvitieary of doped matenal. [ . Nor Ge - 3600 cm “rvob-sec).

Serluficin

i

The effect of minonty camicrs (imparity acms) s neghgble, 5o the condwctiviny will mor appreciakrly
change.
Conductivify, o, = nep, | neglegling Hele Concentration ]
a1 44x10%
n-44- I'I:I"."-;:m3.N“.— —m,:, - tem?t
Hy — 1600 cmd ¢ valt - sec
o = & 10" 5 3500 = 16 = 0 1
=25 57 mhus S 4m

Resistivity, p, = 3¢ ﬁ = L1V L3—<m
Praflem 215

Dietermines the conducnivity { o ) and resesnvi by 9 A Y ot pure silicon, sl JNPK aﬁumlng thal lhE
conceptrilion of carriers at 300 e T 6 e 10 em? for 51 and mobilities as H, = 1 300 cm Migee
g = S0 e Vg,

Xolnrinn
mo e Vgl = Lo 1 ¥ g s 1 p S00 + S0y
~ &1 = [T i
|
P cnap®

= |95, 5001 L1—cm

Preplem 2 i

IDetermine the concentrution of fres EI!:I:[HH'I'% :Ind I les i i 4 sampHle of Ce ap W00 "K which has &
nnmnlml:lnn o duvesr aroans exqoral o 2 < [0 arcins “em® and a concentratinn of SCLEQLIN alams
=30 10 atom fem® 15 this p-Lype of n-1ye Crermaninm 7

Serleotion
Bxp-=n;

-E .::l.'l

n = ATH: o 37
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A -49pd >0
B — 25 pw
- 6525 x 0% m?
MNa+m-Mptp
Tinal negative charge ="lotal positive charge

ar I Tl PR N T e [
or p—-nH T
Then win b 10ty 05 |00
ur n- 58« 10 electrons, fom’
and p—n+ 10" = L0 = 10" holesfem?
Asp=n. thisis poype sermiconducier,

Froflem 217

Find the concentration of holes and clecirons ina p type gevmaninm at J00K. if e conductivicy
is 1004 - e pp, Mebility of bolgs in Genmamom - 1§00 R T

Safarian
It ag p-dypee p = .
Tp = PE Uy
g
(I = - G ln Terapy ST 107 halestom’
CHp, *
n =g
n=2a5= 10w’
zsnia'f \ ,
n= -5 = LE = W alectrans’em
AT
Proklem 218

fa) Fmd the conzentralion of holes and elecirons in p-twpe Cerananiym ac MK, iF
= | Hl wiem,
(h) Repeatpart (@) forn-ivpe 5i, it =000 odem,
Solrion

As s Peely pre seaticonductor, g

T = Py
1) 10 . {
' - —_— - . L= . .
h F T |.ﬁx|n-|‘?ﬁ1ﬂm 3487 « 10 holestem

|I
=147« [N Tholesiom’
LI p = ﬂ?

1 E|_;l:-I . .
mo-oAT e =25 = 0 em’
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3

p=3447 = 16 em

2 ' 1
2.5« 100"
n- ' - 34)_; - 1.8 = 10° electronim’
P 347=10
(b} 0T NG Ly
1

300G s 1" -4 = 10"em’

=481 - 10"%em’

no=13x 0",
1 Il
I‘r I
L { * "E =468 « 10 holerm®
n dFtI:rIvl'.l

Tephigm: 210

A sample of O &5 doped w the extent nf 10" domor aromstom” and T s 107 ACCEpOr  atown s
e’ AL racm emperaturg , the resistiviey of pure Ge s 60 -cm. T e applied electriv Geld is

= Wem. P aral condus e Sorrent densily,
Fiferions
Far ingrissic Semicondueter,
n=p=n;
T MC g bRy
% et
My, Frer Coc is | RA00H am Wogee
W, = WEIHI om i -see.
-] |

e+, } r:-:l,u Bxld ""]LJHDDH:!:-:HJJ
- 1.&6 ~» 10 glecwroniom’
prn=n =i & =107
Wa+n My+p
Ma=T* w”c :
g = 1 *em
fp mI=MN, Mp= 1@ p?
!':H:llwng (1) and (X simultaneausty 1w e pand n
p= 088 « 1o
n= 388 = 10"
J= 0 g+ pg boes

-

~[{3IEBW3EM )+ (DEF X 18007 ) = 10 e

- 423 mAxm’
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Prodles 120

Dreferrning the cansenirasion of Free electrons and heles i 4 sample of Germanium 3 K,
which has a concentmtion of denor atoms — 2= 1 0™ aloms fem® end a comeentrativn of AcLeplor
aoms— 3 = 10" awomsfom’. s this p-tvpe or s-repe Ge T Inather words, is the condustivieg due
poimarily 1o heles or clectrons 7

o wdiaert

n}c:p=n|;'
N_-'._I'I= P;N”
Solving{ a pand (b dto getnoand p.

F_“;H.ﬁ._ﬁﬂ

1
;:- —n-'l:N.!,—HI:I.'

ar “u..#_“_. =1 My - Ny |
i - ' =0 Ny—Ny )
or n:+n[hh—N|,]—n,:-—lJ
This is inthe formax® ' bx 1 o= @
(= . |rh1-.|a..:
- BT
- ':NA'Nnj l{hA-Nn}?--’«nf -
n=- +4. =
2 ¥ 2

*egative sign t5 not taken into consideration since clecteon erhole concentration cannon be
ACgRtive.
o= hamd po= Q.
Ny = 3= 10 %em™
Ny — 2 o 16" rpm’!
3
o an SO0PK - 2.5 « 1017 £ emy?

[
w, = AT g kT
E=0.72 8%
|1|2 = 5.2% « [ e’

n¢an he calenlated. Similarly pis alsocaleulated.
u =56 10 e
p=10.58 = [3'"*m]
A5 P N, oS praapd semicongdugior.
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Probfem 124
Calzulate the intrinic cencentration of Germanium in cacriez'm® ata lemperature of TP RIveT
thai innization ceergy is (.73 ¢V and Holreman's Crastant K= 1537 = [T Al calenlate
the intrinsic -:{\n-_uhdu-l:*'rwi'r:-r giver that the modalities of elecingns and holes in pure germaninm arc
0.5 and Q.1 T m™Y woltsen respactively.
Sofurinn
1 -*Ein
n, = ATYe 2wl

K — Bottzman's Constant o 17"
K = Holtzman s £ onsant in ey 5K
At ®an s

=0 L] ||:!,E‘| - HEU'II""? sz: 1700 = Az

n,— 645 = 10" zleatrans ror holes)i'm .
Inmtrinsic semiconduslor. n=p—m,.
, = N, [Ry + gt
=1 WY s Al 0" Ie - 01T - 5T T wm

Probdens 222
Ietermine the resistiviey of intringic Ciemmanium ar mom Lem perature
Snfwinn
T - 3 K
A= wpd w0
L~ 075 eV
1 -Fiigy
n,= AT e 2kD =25« 10 clectrons {or holes) fm°.

pn—ﬂ.Eﬁulz-"‘-" -
M STt Y e
o, — gkl |-'-11|'J-|-'|:|:'
mthw P25 %035 - 01T =205 im

PE g 513 =47 {k-m

2.11 THF FEREMI [MREAL FUINCTION

M{ E | = Density of stakes.
1.2, The number of states per ey per cubic meter ( number of ctates e ¥/m? }

The expressinn fior
M{E]=yE" where v 15 4 constatl,
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'1'“ 1 . n
r= 3 2l s = e =587 2

rm = fass of Rlectron i Fes
b =~ Planch's Constant 15 Joule-ses.

The equatien for £ E ) is called the Fermd Dicac Profabifity Fanction. N speeifies the
fraction nf all stabes al encrgy K eV oggnpied ander eonditicens af thermal quilibriom. From

Chianturm Fatsties, o s feund 1har.

fEy - — FF e (2181
lee KT
whers k = Rolizmann Canziant, ev"K
T = Temp "K

Ly = Fermni Lewel or Characterisnie Engrey
Tlve momenturm of the @lectron can be wacertumn | fessenbera protolated than terg 15 alwaws
uncertamty in the position and momentom of o partic e, amd The product of these 1o unceaimines
ig nt the order gl magnitude of Planck s gonstand *h'.
It &g s the Unzenainty in the Momentum ofa particle, Ay iz the yncemaingy in the position
ol a particle
Ap* Ax = h.
2.11.1  EFreCcnye Mass

Whean an external fedd is applied (o a cystal, the freg electron or hole in the ervstal responds, as
il 15 mass 15 different from the irue mass. This mass is called the Effective Muss of the elestran
ar ihe hole.

Ry conskdes ing this cfrective mass, it will be possible to remowe the queantum features of the
profalery Thiz allTows wg to ese Mevton’s law of moton ta determine the cftect ot exiernal forces
on the electcons and holes wilin the crvsial.

2.11.2 Ferwi LEvEL
Mamcd sficr Fermi, it is the Encrgy Srate, with 3% profahifity af being fiffed if no ferbidden
Bardl exisrs. 1n other words, il is the niass energy level of the checorans, a0 0K

[fE = Es

AEy="4 From Fgf2.17%

If a graph is plomed between 1 B = B Jand g C 1, it is shown in Fip, 2.7

AT =0°K, i E:» E:then, £E} -1

‘That i, there is nn prohat it of finding an electron having energy > Gpat T ~ o K. Since

fermi level is fie max. energy possessed by the clectroms at 1"k. AE] varics with temperaturs ay
shown i Fig 2.7,
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FL

el
I -He'h

[ 1]

1 n TR

Fig. 2.7 Fermi feved variation with temperofurs.

0L UncerTatynry PrINGIFLE
This veas proposed by Heisenbere. The measurementof a physical quantivy is choracterized nan
vssentiel war by Tack of precision.

.11 4 THE [NvRNS ConCENTRATION
|
AEN - TR EIRT R - b

(L-E, kT
. LDkt

L AEY= TR =
o l'-;h-'s-:'r[|4 Jr E,]-'r;'r] I _ IE-EPKT

Fermi Fonction fara hole=1-A F
{Ep — B )2 K for L« By
1he nunther of holes perm’ in the Yalence Band is,
E

"

p- [ B -E) (k. EMET gy

=My n c-([:,-rﬁ.].-m'

i

.
ZRm L KT 2
where M, =2 £ |
.\ h J
Sarmulariy n- M, I:-I:F_I Fe KT

n~ I = H-'.'.- x N-\.' {:-F' ‘KT
Substmline e values of e anid Ny,
= p-_ |'|I:I = AT; ﬁL ‘mT
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2115 CAaHRIER CToscEMTRATIONS I8 A SEY B N TOR

dn — SVEi1=f E¥y=dE

dn = pomberof conduction £lecirony per el rneter wlis € nergy
lies berween Eand C + JE

The probakilicy s quantorn stae sih enecgy E i3 0ccu pied
by the alectren.

MNEY = Density of States.

KED

RE} - I.‘I-I'."h: .FFu-'r.T

The concenteation cf electrons jin dhe cond ucgion hand iz

£
o - IN(E}: f(F]=dF

|-<

iiar ExFy

(E—E.bi» == KT
ACp= IR
pib-b FET =i
N R
E.
Simplifving ilns intearal, we per,

A= Mg g BB K

3
3

dTmg ET_

a g

where W= :[

K + Bultemun's Constant in JK
M, 15 constant,

where M, = clfoclive mass of the electron.
Similatly the nmplier of bales £ m? in the Valence Rand

p— Ny o B FalKT

v 22 K =T T
where M, T 2 -----IFE
! . |
Fermi Levef is the maximum gnergy tevel that can be occupicd by the eloctrons at K.
Ferirad Level ar charagigeistic energy mepresents the enermy atate with 5U%% probatlily of being
Fulled iF nu forbidden bond exrsts, IFE -« By, then [ E p = ' tor any value of temperature. § E bis
the probubility that a quantum stute with energy E is occupied by the eleciron,
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.14 Feusl LEVEL 18 INTRINSIC SEMICONDUUTOR =
_ S | Condustian Banl
n=p-=m, i
n=M ::_i[': ~E( KT L%
b= Ny olE by WET T
n—p E, - B,
S | e -lE, -k JiRD
o N o BT (B -t l
Flegirops in the valence bond oceupy eneruy levels ..
up to "Cyg". E; is defined that way. Then the addicianal *
eeeriy hal Bas 10 bo supplied so that lree elecran will Hulawz Bind
warve Trom valence Daed to the conduectivn bund is Ci L
we BB lEcen) o es 1w
‘Wf._ =¢ KT KT — B}
v
LIk, -E. Fig. 28 Energy bond diagram.
— e KT

Taking Inganth ms on hith zides,
Mo | Fe+Fy -2l

T My KT
- - ape \q -
A 3 A VA
k 2 2 My
- e \Ig
N::Ell—w%ﬁ'—hl' : e {218
I '

e {213

2mm F.E‘I IH
J|:

.

where mgand wy ang ¢lfective masses of holes and clectrons. I we assume that m, = g,
{ though o valid .

M-
. Mg _
S In ™ ]
E,+E.
Fp= —— . (220

The graphical pepresentation is 2 Shown in Fig. 2.8. Fermi Level in farinsic Semiconductor
fiey in the wmiddie of Erergy pap E,; .
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Probiem 2,21

In p-type 3ozt room rem perainre of 300K, for what goping concentration will the feani levat
caincide will the edge of the vilence bond ¥ Assume g = 04 m.

Soiution
Ef = Ey
when My =Ny
My,
Ee=Ev—KTIn. g
]
My =452« m”f%jﬁ « T w4 82~ 1002004 300
- 5.3 = b8 k
Duping concentratiun N, = 633 = 10" alomwrem?
Prodiem: 2.4

Il'the effective mags of an electron is egual 1o owice (he effecrive mass of 8 hole, find ihe distance
in electron valls (ev] of formi level inoas intmengic semconductor ITony the cenire ol the forbidden
hand 2t room temperature,

Solwion

Fiwr Intrunsic Xemicanductor,

o [[BE 0
4 L
Ir my = m,
then N~ M.
Henee Ep will be at the centre of the Torbidden band. But il mp 2 m,. Ep will be away from
the ceniee of the forbidden band by
KT N . KT m,

— In. Ny W o= .In

2 1 My

— 300
2amn, KT |

el

- xl:'l."l
_{ 2m T
N'u,r =1 T J
b |

-

3
i 0028 e (2)
- 135m. ¥



Suncrian hode Characrerisdicx al

LT FERril LEVEL 1Y A DOPED SEMICOMDLE TOR

T = {0+ U ple,
S Ahe electrical characerisnes of a semiconduclor depends upen “a* end p', the
concenbralicn of holes und electrons.

The expressiom for n =By I:_[E"_E’}" kT and the axpresgion forp ="My ¢

Thest are valid {or bath trinsic and exirinsie malesials,

The electrons and hales, respond bo dn externial freld a3 iPther mass sm ¥ m®* = 0.6m jand
not “m'. Sothis m is known as Effective Mayvs

With imptrity concentration, caly Ep will chaonge. In the case of intrinsic semicondoctors, Ep
ti i U miditle of the enenoe gap, indicoling egual concentration af holes and slectroms.

if domor bype imparicy 18 added o the intrinsic semicondugior itheeomes n-fype S0 assuming
that all 1he #toms are iomzed, exch anpurity alom comtributes at feast one Free electron, So the
Nirst Mg states an the conduction band will be Ailled. Then it wiall e maee diffaenlt fur the elecirons
to rench Conduction Band, bridging the gup betwesn Covalent Bond and Yalence Bond. So the
number ot electron hole pairs. theemally generated at thal temperature will be decreased. Feemi
fewal iv an indicrion af the prabability of occuponcy of the anergr staies. Since Bocause of
doping, moare eng rgy states in the ConductionRand are filled, the femi feve| will move iowards the
Condwction Rand

ExrrEssIoN rok i,

-(E,-L, MKT

{E; F.]
n=MNpxe KT
—{Ep-Eyl
p=My. & I
(L,-E,)
n:nq,p:N{.xquu KT
B {Ep-Ey)=Eg
Andd n "Lp=n,z
i
|'|,:r=hlr-:-= My =" utf
- L.
L
By = My
Taking ingarithms,
Int Wty 1- KT
R B
ar —Jn{_l':_"}'— o
o, K1
|
M, M
or E;—KTIn —‘2—“] i e 1221
n, |




a1 Eleciromic Devices and Clrcults

The positivn of Fermi Level 1s us shown in Fig. 2.9

Coredaciun Carkluction
Hasd Harxd

-
",

-
n

' bop e

L LU 1.0 " .5 1.1
- VIE e CUE. p
For p-type semticanductar  For p-iipe semicandacior

Flg, 2.9

Simnlarly, imthe case of peivpe marerials, the Fecrni leve ] moves towards the valence Dand
since The number of holes has increased. Tnothe case of B-pe semiconductor, the number ot tres

glecirons har increased So energy in Covalend Bond has ingreased  Formi 1gvel moves th wards
conduclivn band. Similarfy in potype semiconductors, ferml Level moves loweards
Falerce Band. 5o s as shownin Fig. 2.9,
To owbcwliare e exact poadifon of the Fernei Leved inow-teme Scmicomductor:
In r-fpepe semicomlucior,
u- Mg

Bt a =t o BB VKT

Np = Ne o o1l L KT

Mp .
o o {F, F, VKT
Takiny logarrthms,

Mo -ik-E}
n M. © KT
Py | .
ar It;T'x.InE '_"iE-;'--Er-}
or Ep=f-{-—ﬁlr'k‘{|nh] e (222}
Ny |

So Fermi Level E - is clase v Conduciton Bard E- in m-type semivonductor,
Similarly fur p-type materkil,
="y
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But p=HMyx :-I;E,-—I-Z.', FET
It
N = e Er Eul Kt
Taking Logaritlims,
Ma ik k]
LT

- B
J‘-T"'"H—y =Ey - K,

ar By -Co+KTem>= | . (223
N,

A Ng' - Hy v
Fermi Leve! is cioxe o Fadence Saad E| in p-fype semvicondaciern

Frodfem 225

Inuiype silicoc, the donor concentralion 15 L aton per 2 « 108 wilicom atoms. Assurin g thal the
effective inass ot the electron equals trie mass. find the valve of lemperature @t which, the Fermi
level will soincide with the edpe of the conduction band. Concentration of Silieon =5 = 107 atomy

cm3,

Kdetican
Donor atoen concenlealion - | alomper 2 = | 0% i atom.
Silicow atom concenwation = 5= [ atomaiom’
4210
b= —— =25« W0'%em®,
2=10

For n-type, Semiconductor,
F.,.-'E,,;—KTln[ﬂ"—]-
NI'J'
If Ep wete to coingide with Eq, then
Ne — Ny
Np=2.5« 10" lem’.

1
Ixm KT
M, — 1{_": r:'; T}

h = Plank’s Constant; K = Bolizman Constant
m, the effegtive mass of clectrons 1o be aken s — mg
1

M, = 3‘“1-3-Mx9.1:;n-“ xix-.-]z

3
=428« 10" T2
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M= M

22K 10 pE =g e
T=1014"K
2.12 TOTAL CURHENT IN A SEMICONDUCTOR
2071 1mnrT O MEERT 1IN AN N-TVvPE SEMICTININCIR

Within a semaconduclor. intrinsic or impure, because ol the themmal enempy, covalent bonds are

broken and elevtrons and leles mose in randan dinections, These collple with lattkes, wel deflecred
and mave e g ilferent dirgeoion, tl] th ¢y gallide with anather garrigr Such a random metion i=

defined as mear free padh leapek 47, the distance o careeer fravels batween collisions end the

.. . | ) -
dverage time between cnllisiony 't The averige velnciny of motiwm v — r Crver a period of Lime

which is > "t', averiyme mMovement is #Em 4F Net CUment 5 aero.

Bul when ¢lectris Nald s applicd all e glestrons are alpaned inoa pacfieulan Jdirest ion s
mowe bwards the positive clecerede aid holes inthe oppesie directinn, Uhe resubing corment 15
villed Breifi Crirrent.

Let the semicomductons be n™lepe, Mow wsing a battery, electnie Field is agplied, wnder- the
it e gy of the elecorag Figld, all the Tree alegtrans mavg Kwaped s (e positive clgckicde and enier
the metal ot the positive cleetrade Fig. 2.1 The donor atome have thus |ost their free electrons .
S0 the dunor atoms near the pesitive elecirode pillelestrons froam fhe lectpode, cxactlv qual jn
nrmlbser 1o e {iee eleetrong which have entercd the clocireds  So the semicond yclors remains
clectrically nemiral. The voltags applicd resulis in voliage drog sy moss semiconducter, I the
hattery is removed, the number ot free electrons and holes i same as before the spplication of
Meld, since semicanduoctor has taken eqoal nomber ol electrons frmm the pesitive sleclrods.

™ ~

|'ﬂ' "rd-hx\.
1, - -
ll\_;" A A

0 - Lypt s conduclor

+ ] =

—H

Fig. 210 Drift current in B-1ype SeMiconducror.

When the freg ¢ leciron comtributed by plivsphers dunor 200m pees o The postive elacimude,
the duror aiam loses one electron. Therefore i will pull one more eleciran fromn te positive
electrode and hence e number of ree elecirens: i e sermicondwclors Peneims the same.
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Proflem 126

I pervpe Silicuen, the accepler concentration comesponds W | almd per 199 Silicon wtoms. Assume
thut m_ - {.&m. At seom temperature, how far from the edge of the valence band is the F::rmi
level F I Er above of below L% The concendration el Silicon atots 1= 5 - [ aromsfom '

Srfeinn

{onzencealion of Silicon atnms = 5 - WEom™.
Hecause doping i€ done at | atom per IU* il on Atoms.

510" 5= 10 e
H = — = 3= L
A
r[ ]1"'
_'.‘I|||_.H'.[ 1
M =2|= 7

K = Boltzman's Constant in eV K, K = Holtzman constant in 17 "E
h - Planck™s Conslan = 6.62 = [ 1sac

K- 138 = 107 1K

5 i
Ifﬂr:]np}{'['ﬂ'u.t - 'rlTlr.Hl i
M =2 —— =480« |—| I
W I-\. I. __-I L k1] b
i -l
',,|"2n.u : -1._112x|u'_’_1|!
RS o
{ \Ij
] m |'E .
- 482 % 10" x B 12
m
where r'np='lll.|5m §Riven)

T = 300FK
N, =482 % [R50 E = 30012 =117 « 10"em’

My
E.-L,-KT [-ﬁ ]

.
(1.1‘.‘:-;“3-'“
-0.026in. | 5o )
-0026 = [0
—0.24er
1) F‘r— - F'«.- =11 26ew

E[_ s above I:\r'
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Problew: 127

[n prtype oo 2l room temperare of 30 "KL Tor wioe doping congentration will e fermi level
some-ide with the edge of the valence bend 7 Assume w 0.4 m.

Solweiom
I:'.r_ = E'.,n
when M s :"é.,',
My
I_=.F = E. + k1 in. H_
"« T -1
Nw-iﬂxlwgEmrx1¢1—mE#]Wﬁlﬂmﬁmhm
T
=433=10"%
Inping eancentration N W= .33 = 10'F atomsipin?
Proddest 2,28

[Fthe effective mass of am eleciron is equal fo fhrice the effective mass of a hole. fnd the distance
imelecaron volrs (ev] of ferm level it az inlinsic semiconductor from e centre of 1he forbidden
boakd an room [emperaiure.

Soliom
For Intrunsic Semicondecior,
5"E.,_~+I-_'-.l, | KII ,_ﬁl
=S [m J
[f M=
then M e Nv'

Hence F . will Be ol 1he centre of the %o bidden band. B ||'m 2. Eowill be away from
the centre oF the forbidden band by

KT Ne KT Mg
. In. Ny = f'q—:— I“mr,
Tnm KT
_ | =M R
Ne=2| =} J

kil
rmm kT
|
A

xkafn (3 =214 meVW
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2.12.1 Drirt CrrRaenT IV B-TY PR SEMICONDUCTOR

The mechanism 15 the same tn as
explained ahkove. The koles in 1he
ACCEPRAL [¥pe  SENTcondieiar mov s
Inwards e nepative electmde and enter p-Typu
imtrr it pulling out mne eleetron from che
negative elegrrode from 1he acceptar
atcos [ Fig. 2 810 the hale has meved ||
asoy, e o s acguired an electioun
Yo elecirical neuteality or of 1% crizinal
condition 15 destuched. This results ina  FOE AT Dl currens e p-ype semiconducior
ebectrony from Lhe acceptor wlom benp

pulled away, These free elecitons enter the positive slecirade. The zeceptor atoms having lost
ome electron sieul snother eleciron from the adjoiming wtom resulling in 3 new hoke. The nevholes
created thus drifd dowards nogative ¢lectroda.

1123 Ihvvrosices O RREST

This cwrrent results dyg 1o detfgrence 10 fhe concencration gradients of ¢harge camicrs  Thal i,
freeebectrong and holex are aof unilarmly distribited all over the sermaconductor Inone pamicular
area, Wee riamber oF mee alectrons mate e more, and e some other adjoimeg reson. ther number
maw ke ess. Sa the efecirens whers thee concentration aracdient s nore move From that region o
the place where the electrans are lester in nomber. This is true with holes alsn.

et the concenteation of some eamicrs be as shown in the Fig 2,12, The concentration of
carricrs is nm nniformn and varies as shown alang the ﬂcmic-;:-nductclr length. Arca A is 2 measure
nf 1he mmber of carvicrs botween x) 8nd x50 Area A is 2 measune of the number of carmiers
horweeen w- and sy, Arca Ay is groaler than Ares 4. Thercfare number of carrizes in area As
greater than the nwmber of carriers m 4. Therefoee they will meave from A4 to As. If these

*vul] U urr of 1hie O m

LN A -‘-‘-‘-'--
.

ek,

% H L]

—_—
e, [T #] R e St v ol |

Fig. 1.1 Diffnsian current,
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charge camers are free electrens. then electeon cument directioms is from O o A (-0 Llecirans
mowve from A to O], IFthese are kelas shen cyrrent direction ig From & o047, Thas cyrrend 35 called
ditlusicas corpent, iz indepaadent ot any applied Field, 5o i sepsieradactors, aceoom lempetaiure
itselly dhomgde e elecrrie Field 15 applied, iFLhe device 15 camiected moa cirgml. 1here will b very
sttall carrent Flowirng through, which is called Diffusion Carrenl,

Led £, be the distance wavelled by each @lecinen besween 1wa svcoessive collisions., 1€ 1,
is the mean free path, Let b, secs be the corresponding, time 1aken.

Beoause ot the thermal agitation, the carriers inarcas Ay and A have equal probahbility te
move from lett i night or rom right 1o lefi. But bevause the nember ot camier in &, 15 preater
than in Ag, it results innet diffvsion current. Dueng finee b, halPthe clocterons from A& move 1o A
and halt the elecorons frome &5 rove tie &y, The net current is due o the difference of number of
clecirans from A&, tn A,

dn
=03 :-fI:J',: E]de

Heree Dillusion Cumrent = [{u‘t }! w A1 |( R
\ dx o)

— [ % . dn
= YMexf v, e

1%
where ¥, 15 the Average Velocity — T and ¢ + Sharge ofan eteciren,
%

Heace [hltusion Cumrent per 5. meter of cross section 15

dn
= [l —
o = 2o Uy =2
D, = Diffuskon corrent constand in Ftiace
= o

dn . . , - . N
T & eoncentraticg gradignt of ¢legetrons in Mumhber af camriers ! m.

IT diffusion curreny g canged by holes, (he equation of deffusio carrenc i<
. dp
i T L)W Dy o I
Foor Gie, b racrm (eanpe rature
Dy = 93 = 107 midsey
[, - & x 10 mise,

Diffusion electrons density 1, 15 wiven by the expression

Jpm—elny —
nTTEETY

L . un N .
F'I-!.‘.IEIN"-'E RITNN 1A Lused sinee I.'I_:-: 1 HE‘EE[TI.-'E and dineclinn nf cnirmrent s I.'!l|'|[!~I.'I5l|:E toy the mowement

of alecirons.
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. d
where 13, i5 el led IHFusicn Cnnstane for clectrons. 115§ I'|'I3.-'54:-¢, ﬁ i3 congentration gradeny.
D and poare interredated. Lt s wiven as,
n I
- - = H.-' |
Mo~ Hp
T HT r
where Vi = S wimM e [2.147

whore %rois wolt equivalent. of tfemperature, AT roem femperature, = 3590

The thermal energy duse to temperalere T s expressed as electrigal encrgy in the Farm
af ¥olts.
2124 TovslL CURKENT

Both Fotential Gradient and Canpceptration Sradient an exist simaltanecusly within a
semiconducior. Siace in such a case the onal qurrend,is dhe som of Deyi Cereenr and
Liffuscan L ervent.

i . dp
.'I‘.l—i:upp. FE - Dp.d;
Drift Cuacrent = epgpE
. dp
Driffusien Correnr = gDy e
Sirnilarly e met eleciron current is
; E N dn
- -+ =
n=ep, Nk e Ny o
Singe [Hffusion hale current iz I,
dp
L= ey '—
pooelh g
o . dp . S .
pdecreases with merease 1@ o 5o d_x 15 negative, Megalive sign 1 used far Jy, sochan, Jy wafl
ba positive in the pusitive x dirgction. Foreleclrons
dn

bo=t+¢ Dy n
since the electron current is opposite to the dirgctions ol conventional curment,

Therc exists a congentration gradient in a semiconduerer. On geconnt of this, it resalis in
Qilffusina Current. 1 vom consider p-iype sermacondnctor hales are the magority carrigrs. 5o the
reswlting DilFusion Currend Denaity 3, is written as

L L %:
where D s called diffusien constard for hales.  3ance p the hole concentranon & decreasing

d
willr x. d—z is —ve 50—y sign is wied in the cxpression for 1,



e L Elecironic Devices and Circu iy

- S N .
Similarky for elecirons alse the expression 15 sitvilar and the <lope s ~a Bur since the

clogtron current is o ppasite & fhe canventional cyreent,
dn

::In\l
1, = [n:.l'.ll11 uEJ +EH[}"I

2.13 EINSTEIN RELATIONSHIF

D, tlee DvifBusion Coellicient and p are inter related as

n, 0,
S e S ¥ e {225
whore Yo is volt eqoivelent of temperatur
. KT T
YOS T T fran

E =16= 107" 10
K- RA2= 101 e
K - 1381 = 10 17K

I I
W = ‘er - Hﬁ ~3eD, { 226y
e = 390y
phy = 39D,
ar p=3n E2RAT
Thermfore values of Dy and [, for 5 and Ge ¢an be dercrmined,

Proflem: 119

Determine Lhe values of T, and O, for Silicon and Germuniom at roeom lemperalure.
Sl ention

For Gertian iunt af nootn tem peralure,
D — o * Vo= 3.8 = 0,026 — 99 cmtsec
Do = g * ¥ = 800 = 0.026 = 47 erndisec
For Silwon, Oy = 1304 < 026 — 34 em*ies
Dy = 500 = 0 076 = 43 emiser
214 CONTINUITY EQUATION
Thus Cowtimuily Equation descralbes how the caltied density ina gaven elemental volume of
ervstal varies with lime.
[Ean antringic semisanducion i doped with ftepe material, electicong are 1he nagor ity carriers.
Eleciron - livke recombination will be taking place comtinuonsTy due fa the mwal agitation. 5athe
corcenlration of holes snd electrons will be changing continuou sty and M58 vines wilh bime a: well

as distance along the semiconductor. We now derive the differential. equatoen whicls is based on
the fact iAat cftarge is neiiker creqied nar destroped.  Ths ic calied Confinuiny Equmion.
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o

Consider a semicandoctor of area A, length
dx [ x- drx—x =dx jasshowninFig. 217, Ler
the average hale concentration be *p’. Let Eqis a
Factor of x. that ix hole correnl duee 1o coneenlraison
5 varving, with distance along 1he semwcnnd wctor.
Lot 1, is the corrent entering the volme at x ar
tume 1, and (1, + dl b is the corrent leaving the
vislume at § s = dx }ar the same instant of time 1",
Su when enly I columbs is enening, ( [ - dl,
ciilombs are ieaving. Therefore effectively there
woadecrease of {1, + 2l — I b= dl, colambs per
sevand within the volume. O in oyer words, singe
trte brle urrent is feaving than what is eatering,
we AN Say thal more holes goe leavng than the
n. of lles entermg the semconducios a1 'a’.

el is e of chinge el otal charge that 1
nxq]
dl, - d [ L

dl

b

+ 4
i M ] .r.F‘ IF'
o + M

Fig 213 Charge flow in semicondecter

T eives 1he decrease id the number of hales per second with ke volume A = dx, Decreass

i heles per sinid woldome Cdle concentration ) per second Jue 10 [ s

dl, 1
-
Awdy L
dl .
B EE = Cnerrgapt Dengity
L
q dx

But because of thermal agilatien, more number of holes willbe created. 16 py 1= the Lhermal
equilibrium concentration of holes,f the steady siate vafue reached after recom bination ). then, the
increase per second, per unil volume due to thermal generation s,

Themefore, increase per second per onit vilume due W thermal generalon.

P
& T,

B beecamse of pecopmbmenlioa alholes and electrans derme wail be decrease i hele omintemion

The decreass = =
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Charge can be neither areaced nor desitoved.  Becausc nd thermal generarion, there is
increasc in the mmber ol holes, Recauze nf recoimbinatinn, therg is decrease in the namber of
holes  Recause of concentration gradient theee 18 decreage i the wimber of holes

Bo the nct ingrcase in hale concentiation is the algclraic sin of all e above
gp P, -P . Al
ETRE
. A . . . . . Sl
Partial derivatives are wsed sinee pand Fpare Benctions of Both cime £ amd distamee x. It
grves the varmabon of concentration of carriers with respect te ime ‘1

16w ansider unit volume of & semiconductol § H-ngw b having a hole density pg. some
holes are It doe $a recomdunation. 1, i eqmilibriont depsite 0@, densiny in e equilibeiom
canditinn when mymber ol elecirpn = haoles ),

The recomhination rate is given as p"—t Proc, . The axpression far fhe time rate of change

ig carviers density iy caffed the Conitradly Egueaiian,

dp
Recomhination rete K = |:I1_
Lite time af hgles i netepe sentaeond ucors
r =0 = P
PR dp -4l
ar

Y
dl:' _ pll i:llll"'\- i
L e
where py ia the original eoncentrabon ol hales in n-tyne semiconductors and g, 15 the concentration
afier holes and electron recombination takes place at the geven temperature. In othor word py, is
the thermal cquilibriom mincrity dengity. Similarly for a p-type sermiconductors, the Dife time

ol ¢lectrons

_ Mpfpe A _Muol
m A S di 1,

I.15 THE HALL EFFECT

{f a metnd ar semicondueiar carvping a cureent [ is ploced in o perpeiliceday mamete field
B, an alectpic fiald F s indweed in the direction pernendfcplar to koth [ ond B This
PREMOEIEHOK 1 e o e Hiall Effeer 0 10 wad do dorermise wHe 0K o seRtfoo g letor
i p-fepe oF #-lppe. Bl sioduoriT conducrivgde o1 the sahiline pooan he solcatated lisigs
Haj[l Effec.

Inthe Fig. 2.4 currerd Fig n rhe posilive X-direction and H iz in the positve £-dirgction. Sa
a force wilk be exerted in rhe negative Yedivection, 1Fthe sermicamdweior is sdveme sothat cument
inearried hy 2lectrons. these electrons will e forced doarnward foward 3ade 1. 5a side | baoqines
negatively charged with regpecr o side 2, Hewee 3 potential Ve called the Fofl Firltag s a e
betweaert the sorface b oand 2
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Fip 2i4 Hall sffea.

In the equilibrium conditwm, the force dus w0 electric ekl mtensity “E°, because of 1lall
effect slhould e puso balanced by (e magacoe e of

e = Boay
v = [ridt Yelogity of carmiers inm ¢ sge
B - oegeetic Field Intensity in Tesla [ wh'm® }

ot
e = By Y - B
Hut E= Wy
where i = Hall Yohage
d = Thickness of semiconguetnrs.
I =nev or ) -y
(i) = gharge donsry.
J = Curmenl DDensty | Amnpf me )
[
T J - od

o = width af The semiconductor: wd ~ cross sectional area

] = cument

I = Current Densiy = —:
i d

ar Yy = ad
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Bt e-By ... Frono Eoquation | a )
Vy=H=xvxd Buw v=1p
E.1d I
* 4 B 1= ol

KH.ld Rl
¥it— pasd  pos

vw=ol {2381

INthe sermiconductor 15 n-1ype, alectrons the majority carriers under the influeoce ol electnic
ficld will move tewarde side |, side 2 becomss positive and side 1 negative, [T oo the other hand
terminal | becomes charged positive then the semiconducior is p-type.

£ ~n=el Forn- pe semiconducior )

o ¢ =p o= e for ptype senmoeenducior )
and ¢~ Charge density.
v _ B
HT pw
Rl
L s
;.
' .
A Byp= ="~ . .
H Bl (2329

L
The Hall Coefficient, B iz defined as K, = |'J Llawars. of B are m? £ coulombs

I ahe conductivity is dus primarily go the majnrty carriers conductivily, @ = e in p-lype
sericonduciurs.
ho = p = charge density.

oEpHE
1
Frur I.:::RII
1
© Ry “F
ok

V.
HE g

o7 p-Ry=a=
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W have assumed that the drift velegity *v' of all fhe camricrs is sarte, But astually it will nol
oo Thug o the thermal azitation they gain enereye theic selociby inereases wid wlso collisiom with
other aroms mcreases, S0 for all purtcles v will nol be the same. Hence 2 comeciion has w be

| ix
made and it hus been found that satisfectony results will be chigined il [ i daken as Ap
1
R 2 30
ll—kh_.: H e {130

g _ : .
Multeply Hy by - Then it becomes  Muodified Haoff Coafficiens. Thus mobiliny of
T

carriers [ cleobrans or hiodes bean be determined experimentally using 1all E{fe,

The product Bey i< e Laeenrr Faree, ecinge of the applied magnetic figld B and the drift
velociey v 30 the magorily carri=is e seoviconduetors. will eod ooy @ o direstion
perpendicular Lo B, But since there s no elecinie Tizld applied in that pauriculars direction, there
well develop a Hall voltape or Deld which justoppoeses Ue Lorente Diebd.

5o with the help ol Hall Effect. we can experimentully delermine
l. The rabiling ot Elecirows ar Hedes.
Y. Wherhor a pmves sescondecior iy p-type o n-lvpe [ from the polarity
af el voltige ¥ )
Frobferr 230
The Hall EAfect ix ysee to determine the mohiling of hiles ina p-tvpe Sihgon har, Asswme fhe har

resislivity s 200000 Cran, e maznetic Neld B, =401 Whim* and d = w = 3mm The measwred
vidlues af the cunman and Gl valeage are [Qrnas and 20 my respectively. Fied L mobility af holes,

Sl
B =t Wh:m' {or Teslz)
V) = 50 my
[= TmA;
p=2 WL om
d—-w=73mm -3 = | maegs
| “BI L0 100 1

1
— = : - n o =66
Ry ¥u¥% o Sdel0 e300 150 '

1 I |
€ hity= == T s ' :
Sondyerivi W " AT I mhos S mcter

H=e xRy
I 1

Ll

™ nab? | 200

- L.
= Tahem™" Y - feg
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ik SEMICONGUCTOR DIODE CHARACTERTSTICS

If v junctinn is farmed wsing p-ripe and w-npe senticendncters, & diade is realised and it has the
properlies of 1 rectifier. [nihs chapler, 1he vol ampere characteristic g el e diades, clectron-
hole curments uy & functinn cfdislance frrm the juncticn 2nd junction capacilanees will ke stodicd.

il Tueory OF po JUsiTioN

Tuhe wr intrinsic Siheon or CGemaniom crvital, 18 donoe { a-tepe S impuniics are ditfused from
one poid and wceeploes imputitics from [he ather,a p-n jutelen is formed. The donar ateing will
donate electrons. %o they laose ¢leenions and become positively charged. Sinikarly, accepor
alams ageent an cleerron, and Pecoms negatively hareed . Tieerefore i the p-nqunction v the o-
shle, lples gl Aegative s are shown amd on Lthe p-a0fe Tree elecirons and positive 1ons are
shuwn T sarr with, there are only p-tpee camers wothe lell of the punction and onldy B-tpne
carriers W the right of the junction. Bul because of the cunceniration pradient across the junctiom.
Iles are mn lirgss number on the lef sids and they diffuse from left sde 10 night side. Similarly
&lactroms will diffuse to the rieht side because of concentration gradient.

RN
Hnles—-g :] SRS ':'.'. |
[a] E'.-' P Free Electmins

S~ E- ﬂ
p-type i | o-type

,'CII': ‘p = {’bharge Dennity

™ R
dy
* o
Flcctrnstatic _
Polential Barrier far!
Holes :
()
—-
"rl.; %\\1\\_ Potential Barrier for Elecirons
{e) 1 : s

Fipe 215 Potential distribusion in p-n feaction diedy,
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Beecause ol Ui displavement of these charges, electric field will appear across the jungtion,
Finee perfele loosas holes, negative Neld exiss near the juncdion towards et Since o-side l0oses
tlevirons, positive electnc Neld exists on the wside. Hutat a particular siage the pegative ficld on
p-ride becomes Jarge enough 1o prevent the Now of clectrns from g-slabe Positive charge on
r-side beromes large enough to prevent the movement of holes (ram the gesafe. The charge
distribution is as shown m Fig. 213§ b )y, The charge density Far away from e jusciion is 2em,
since hefare al the koles foom p-vefe move 1 m-sice, the bamier polential s develnped. Ageeptor
atams nesar the junetiom have lost the holes. Hoe for this they woold have been electrically neawtrql,
Mow these holes have combined with free clectrans and digappeared leaving the acceplor @lom
negative. [lonar atomsa on B-rédi- have 1051 free electrons, These ree électrons hive combined
with hales and drsappeared. 50 Jhe regron neor the puncifor a5 depleded of mehile o 5
This is called depletion vegion, space charge region o teansition region. The thickaess of
thiz eepmion will be of the order of tew microns

[ mizron = 10 m = Htem.
The electric field iniensity near the junction is shown inFig. 2156 ¢ L Thes cures is the
inkegral of'the density fungtion p. “1he clocrm static potential variation in the depletion megion s

dv
shown im Fig. 215¢4d 0.8 -- IE' Fhiz varigtion constilures a powenial enerey barrier apainst

turther diffusion of holes acenss the bamicr.

When the dinde 15 opan ircuited., that is nol conaecied in any sircyit, the hale cument must be
zero. Becouse of the concentration gradiewt lndes from (e poside move owards m-side, 50, all
the luales Trom eesicfe should mosve towards mesicfe . This should resultan Faree hale current Aoving
even when dosde is el conneced i the cirewit. Bul this will not hapgren. 50 oz comnterace the
ditlusion curre nt. conce ateation gradient sheuld be nullified by dril correntdus 1o patential baroer.
Because of the movemen Lol bales From - siole to seseele, il region { preeeion | ecomes negative.
Ao pedenfial precfient 5 sel opoacross Bhe junction such ihat et crrreer Jows (o qpposile
direction ur Lhe efeffs o caerrems. 5w the pel bole curren i 2o no when dhe deesdc 05 vnen e wiigel,
The polemial whivh exists we coose drill s called costocd pofertied o Gifevicn pereariod. [
magne is a few tenths of 2 vell { 1Y ).

L1661 p-ndLNCTION A5 A THOBE

The p-n Jurcieen sShow s here forms 9 wemiceadwerer gevice called THORE (s symbol is
APe—K. A s anade. K is e cnbode. 1 has twa leads wr clecirodes and henee the name
Diode. 1M the anode is connectud o pusilive vellage ferminal of a battery with respect to cathode.
it ia called Farweard Bias. { Fig. 206 (a) b 17 the anode is conmeeted w negalive veltzge ternmnal
of a hatiery with cespect to cathode, Wiz called Beverye Blas. 1 Fig 2. 1&{L) ).

I =1

A K A K Al
ol | — P i b

|
II

II II
A= alr i

{ a ) Farward diay { b} Reverse bias i ¢ ) g junction ferward biay
Fig L16
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116} Opwvi Cosracr

In the ahowe circwits, cxternal battery 15 connected to the diode. Dt directly extiermal supply
canmol be grven toa semiconductor. S0 metal contaces ame 4o be provided for g-regior and w-rergiom.
A Metal-Sernicondustor Jameton is infraduced on both sides of p-n ungtion S these must be
ciiiact poremials aerons the metal-semicondwetor jungtirsg . T {his is minimized by fahrication
reehimiques and the cortact resistance s almest 2ere, Sush d comast 1 called ohmie coptagt. S
the €ntire voltaee appears across the janction of the dusde,

— |

b gl con s is

I
+11-

Fig 217 Okmic conlacts
117 TIHE I'N JUNCTION DIODE IN REVERSE BIAS

B s of Mo batiery comnected as shown, boles in ( Fig, 2.10 (b p-ppe and legtrons in #-
Ivpe will nweve away (e the Juikctien. As 1he Boles wear the junction m g-region they will move
away from the Junclion wnd negative chacee spreawds towards the lefl of e juneiiom. Posilive
Charee dens ity spresds towands riecht. Rul this proosess Cannol continee mnde fumiely. because (o
have contenuouos Muw of holes From rueht e lel the holes most conee Tram the a-safe,. Bar gegake
has few holes. Yo very less curment results. Bul some e¢lectron hole puirs vre penerdted becuuse
of thenmal agitation. The newly gencerated holes on the w-ifde will mowve towands junction. Llectrons
created on the pesiche wilE move tewadrds the wnetion, %a there results some soefl currepy called
Reverse Sufdration Carrents 1Uis denoted By | F, will ineresse with 1he sempevatone. 5o the
FEWerEE Feyitamee O feck resitirce deerdines wilh fempeerarure | ol 1he ordar of 8 few
pA. Phe revarse resiviance of 2 diode will be af the vrder of MY Fop feleal! oo, reverst
FRSEIATLE 0.

1 e sarne thing can be caplaimed inoa dilferenl way. When the dinde is open circuited, these
exis0s i larrier potental. [ the diode s reverse bissed, the bareeer potential height increases by
a maenitude dapending upan the revorse as vollage. %0 the How of hobes from g-5ida to w-adde
and electrons from g-sidy to p-side is restricted. But this barrier docsn™ apply i the minority
carrigrs on the p-sidey and s-pidfes. The low of the minerity carricls acrass the junstien resalls
i SO GaLrTEmns.

2.18 THE P-N JUNCTION DIODE v FORWARD BLAS
When a diode is Toraand hiased, the poreatial harrier thal 2 xists when the diode 5 open cincuined,
is reduced. Majonty camers from p-side and s-2icie Naw aceoes Lthe fanetion. Soa luree cument

results. fow ideal dinde. ehe forward vesiviaace R, = 1. The forward cureept 1, will be af the
order of mA [ milli-emperes ).
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Fip 218 Diade in forvword fios,

z.18.1 FORWARD CLRHENT

I e large Sorwerd woliage s apphied | Fig 219 ). the current imast incecase 17 the barrier podential
gcrass the junction is made zero, infimte amount of coment shauld tiow. B thas is norpractically
passible since the bulk resistance of the crvstal und the contact resistanes together wibl limit the
curment, We may sae in the viher sechiows that when the diode 15 conducting, the voltape noross i
remaims constand al ¥ car oealioge 1Fthe applicd voltage 1s foo nge junetion Breakdown
] DU

1 —] EIRY
ﬂHh A P :gg:" K

Fig 419 Farward diasing

1.1%  BAND STRUCTURE OF AN OPEN CIRCUIT p-o JUNCTION

Wleen p=repn @il p-agpe semaeend uclors arg brought into satarmele soatact pon Jusetaen is formed.
Then the fermilevel must be constant throughout the specamen. 100 is nok 5o, sleclrons on ome side
will have higher energy then on the other side. 5o the transfer ol vnergy from higher necpy
clectroms 1o lower enerpy electrons will tuke place 1] ferrnilevel on bothe sides comes 10 1he sang
lewe]. Bue we v alisady seen that inae-Dope semigondueieis, E - boelose o sondacoion and B
and i is cicse o valence band edge B an pewide. S0 the condoctinn hand edee of m-type
semiconductor cannol be 41 (e e I-eve-ﬂ' As that nf pedypar semiconducior Hence, as shown, the
ehergy hand diageant tor a p-n juretion s where a shaft i encrgy levels By is imdicated.

L, - CnereypapineV

Er = Fermienergy hevel

E, = Cantectdifference of potential

E., = Conducthion Bund enerey level on the n-sigl.
":.:F. = Conduztion Bund enerey devel on the p-snde.
E,, = WYalcnoe Band encrgy level oo Lhe n-side.

E = Valcnee Hand energy level on the p-side
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Fig 2.20 Kand siruciure of apen circaited dinda,

E,.
I & centeal line — is taken. the shift in energy bevels is the dilferenve between the 1wo

x
. Ey :
central linex g nf the o semiconductors.
Ep~ EL_F — I'.-'.m - Eup - EH__.
E..
D= W :
5, = b — ik - I"F'}
L I}
. _Lg . ,
E, = b _{Earu - B3
F‘I T F‘I = HL‘. - EF + Fx-p - I'Zl__" + E,_-
Hut Fo= Eup - Fup o
B Fy+¥Fp=F,-F—FE, —F_
But Eg - E.—E,
£+ E5 = K,

This energy E, represents the potenliel eneepy barrier For slectrons. The eontact difference

of potantial

1

F

Er-E_ = %{Eq)-E - T"'-’ “E, e iy

1
'
-
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Egy
and F.m—Er='f:fEn}—Ez=[—:"L.—Ez .......... ()
L=
Adding (1) and {21,
(L - L+ tL, - Feb-Fp- B - K,
i R A o L Sy
LE, Ly d =Ly
{E_ -F-)=KTIn l
WM
N, - [wnor Atom Consentration ™ /fm.
M, —  Acceptor Atom Cnncentralian Nﬁ-'m}.
R %
{EF = r_"r[l'.:l = KT In.l,\.-”.i._.'
3
MM,
Fy-KT Il = 7,
M- H1. [ - ) [ J
|- = KT ( - | T - |~
il LN MA.
Nele | Mo ﬂ]_ (M,
—Hrln[ . KNc“Nu,_KT'"L : J o W (232}

The energy 5 expressed in electron volts eV,
K i& Bodlziman s Constont it ¥ 07K = 862 = 10 T v 0 1K
Thermtore, E s imeV and ¥, rs the conaer differemce potential in valis ¥, 15 numencally

eyual 0 B, [n the case of A-tpae semicondectons, i, — Ny [ Subscripn “n® indicates electron
:nnwnl:almn i m-tie semiconducior )

I.tli_':ﬂn ”pu:HLJ " Py

n, — Mg

n, = [ntringic Concentration

n, = Clectron Concentralion m g-dape sennconduginr
n, = Flectran Cnacentration in v-aie semiconductor

l"'p = Hale Concentration in g-fpe semcanductor
p, = Hole Cencentratian in #-n4pe semiconductor

I 1

n Tl
o :ND Fn
2 n-
M. = _nl_ and Nﬁ.._ I
P N, ",
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Substituting oll these valuein

' .
) M, ™ i

E, - KT In] =20
. |'Ii !

- -
ncon-
_'3:_':.'_"

Es '-H'T]"xp" T
K - y
v
=KTI
T“ |:||.|.TI|:I
SN L7 . D
BT n B 1 KT In| |

Taking reasonable values ofw - 10'% cm”
Mot ~ 1077 em?
KT = 026 eV

L]
E,= 0026 « IHE ={.718 eV

1.20 THE CURHENT COMPONENTS IN A p-n JUNCTICN RFMOHE

v
+ | =

- l_ _——

LA

x =10 Distance
Fir 221 Curremt compitenis in @ p-n junction,
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When a leraanl hias s apphed tathe diode. hales are injecied snto the p-ciae and ebecirons Lo the
p-sde T nuenbee of this ingected corriers decrsises exponentially with distance [rom the
et Since e il usiom cureent o ninerity cameees 13 proeporional 1o the nnmber of carriees,
the rmnormy cammers £ orrenl deereases eaponent b vt distance. There are twa minarty curents,
nne dug o clectrons inthe poregion fepe and due to holes i 1he g-regrene B As dliese currenls
wary witle distanee. ey are repesy nlal (s fpadfe

Elecrrens siosaing rarn s 10 @ will coustitmbe current in the same direction as holes crossing,
Croeow e e w. Therafore, U wetal curcent at the jonction whers s i

F o= fpadihy = fapiih
T'he eotad coererd remamn s the same. The degiease in Aol g compensated by inci<ase in Fap
an the p-uide.

Mow deep i the p-pegrion | where % is arpe | the curreml 5 becarse of e electrie field
{aince [vas is apphcd }and it s drill coeeent fpp ofholes A Hhe beoles gporaach Uhe enction, serme
al' them racombine with electrons ¢possing the mnction from g wepre Sa e dess reases near te
Jumtiomy amd s gust egual meomagninmde e the diTousoen cutrent fep. What remains of fop at the
Jumstiom erters Lthe w-sfede and becomes hele diffuson cuerenc Ios i the p-region. Since holes are
minarity carmiers in the p-vicle. fom s smaall and as hele eoncentration docreascs in the s-paginn,
Ffoa dlso exponeniaally decreases wih distinee.

In a Forweard bissed p-e fapciion diode, at the edpe of the diede on -siéde, 1he corrent is
hole current | majority 2armers are hales )0 This currend deencases at the junction as the jenciion
approaches apd at @ paint vy Tian tee junctacs, o the s vife, hole current is practically oemo.
Cour At [he other edge of the dionle, oncthe g viale, the cumment i <lectron curmest since eleetrons arc
g mapority sarmivrs. Thus i peg et Jdiode, the currgnt enters as hole cureem and leaves
g 2lectmon crerre

121 1.aW OF THE JUNCTHIN

Ppo = Thermal Equilibrinm Halo Cancentration am - g
. —  Thenmalcqmlibn s s comgemranion an i side
F,lll"I = prll '.'-'I'."-I.":I o '[HI}

where W, is the Fleetinostatics Barriel Potential tha cxists on bath sides of the junction. Hulthe
thermal guilabrinn walg coneentrition g the p-wed-

I:"|ll- - P (0% I.‘II":II MUY R ]
where p Al — Hole concenttation om g-sicic wear Ue junction
¥ = Apphed fardeand hisg volrge

This relmncmsteap i s culled Ballzmen s Belations g
gquating (Frand 2
F'r. .:.ﬂ.:' t:l Wa=W WL = FI|-||_-\. u t:"".: N,
I‘.I--

e RUTES T,

W,

F'r\-{':":l . P-rm e f'l.".' ¥,
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Therefore, the woal hole soncenieatran in 'n’ rewion at the puntion vames with applied forwaed
bias volrage ¥ us piven by the above expression.

Thas is called the Lew of the Junclion.
FIIII:-I:“ : Pn[ﬂ] ~ P

- W
1.:'r|-|,| [ ! F.-ju

P = py, e -l} e 233}

2.2 DT CURRENT FOHIATTON
The hole: current in the p-tide fpmfx) is piven as

Ar=[¥ _
Inix) - ——p oyl
L'[I T
N Iy s '
Fart I:'n{.l]:I = pnwlﬁ-""‘.""l 'I}
Al . ) :
Ipaft) T b, Pl 1)
Dﬂ — Duffusion coefficwent of hales
It = Diffsion <oaffis ient of elactrans

n
gl ate =003 1,

Eimilarky the electeon current due to the dilfuzion of cloctrons Bom #-ride o p-tide in
ohtained from the abnwve equalion itself, by interchanging nand p

Aex [0

g A N
The towsl diode cumrent is the sum of Jee (@ and fepid)
e I [ 233
_ AcDp Aelin
whers b= Lp % Pt L. % Mg

In this analysis we have neglected charge generatian and recombinaticn. {nly the current
thal resulis a3 a result af the diffusion of The carrers awing to the applied voltage 15 considered.

Reverse Sararnfion Carreal
=1 x [ )
This is the expression for owrent 1 when the diode is foreard hiased. 10 the diode iz
reverse hiased, Vois replaced by =3 ‘l.-’.r value al room iemperainre is - 2n my. If the Teverse

y
bigs voltaps is very large, E; e very small. 5ol dan beweplected.

-1,
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Juncdinn Niode Choracteristics
I, will have a simall value and [, is called the Beverse Saruraiion Carreny

_ AeD p.. . Aclng,

I
0
]_p L,
In nefprie semicandugtot,
n, =&y
But E n
[ n = p =n. . FI = —_—
n o 1 n N["I
In peiepae semigonduetor,
N LY
Pp= M, L= N,

Bnbstituting thege values in the expressicn for [,

’ D D "'-I
T, = Ae By —1 1w pd
" L LM LyMNg [

“I: = Iﬂlﬂ TJ' .:-EE.-'HT
L. 15 in electron volts =Y, where ¥ is in Yolts,
Hig
|'||3 = A, T KT
EUU - "r"u e
kT . ] N .
Bur — = Volt equivalent of Temperatore V|,

For CGiermanium, 11 and D deercase with lemperature and nIE increases with T. Therefore

where

temperature dependiance of T, can be wmitten as,
I, = K T2 ~¥aiN
For Crermaniom, the cument due to thermal generation of carriers and recombanation can be
neplected. But for Silicon it cannon beneglectad. So the exprescion For current iz modified az

FovY o
-1, Lr“‘”‘ - IJ
whepa 11 = 2 for stall currerds and 1 =1 forhd IEIEE carrents.

2123 YOLT-AMPERE CHARACTERISTICS OF A P-N JUNCTION DIOHDHNE

The meneral expression far uprent inthe g-p fanctioe dinde is given e
I. M ."l
_ it
=ty |

'
b2 s

1= For Ciermaniom and 1 or 2 for Silicon. For Silcon, 1wil] be less than Lhas for Germaninm
V.. = 16 m¥,
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IE% i much targer than ¥ o, 1ean be neglected. S0l ingcreases exponcimially weih frrward

bias voltage ¥ In the case of reverse Fias, i the reverse vollage % s> % then @ cam be
neglected and 5o reverse current i and remains constant independent of ¥. %o the characienstics
are s shown i Fig. 222 and not Lke theoreticwl characterestics.  The ditference is that the
practical characlenstics are plotted at different seales. 36 plotted to the same seale, [reverse and
frorward) they may be similar i the thearetical cuives  Aaoihoe poind is, in deriving the squations
ihe breakdewn mechanism sl considersd. AV inoreases Avalanche multiplication s m.
Bothe ptual corrrend is inaore than the theeretical curment.

1,imA}
|
I

v + Y, i b

L

.

s )
Fup 222 VT Characterittles of pest juectioe disde.
Cor In Vorase 1-’1,

In the case o Silicon and Cierraniuom, dindes there 15 a Cwr fr ar Threxhold or OFF Seror Break
Painr Voltage, below whigh the current s negligible. 1's magritude 15 0.2% for Germaniom end
0.6Y far Salican [ Fig. 2,23 %

W Lermaainm
"
Tr-'
maA k=,
SdMbearn
—_—
M2V 0.4 \.-'F { Yolis )

Fig L2 Forward characicristics of a diode.



Junction Biode Charagoierisfics n7

1.23.1 Dhopk RESISTANCE

y
The stativ resistanee (R of a diode o defined as the ratio of T of the dicde, Stalic resistange

varies widely wilh ¥ oand 1. The dynamic resestance o incremential resistance 13 defined az the

recaprocal of the slope of the Yall-Ampere Charactensiic % [his is alan not @ constant by
depends wpon W oand [

.14 TEMPERATURE DEFENCANCE OF [-N JINCTHIN DIODE CHARACTERISTICS
The expressicen fr ceverse sati@alion 2urrem 1,

\ I'llz = .'"L:lTs E'r.[:l,n.'h-r
D, Uswroases wilh lﬂll'lpm.'al.ure:.

. [ T4
ar l, = KT p- G
where %, I8 the energy gap in wales, [E. ineW')
ForJermaoivm, 1~ 1.m-2
For Silcon. n=im=:13

]-'I —KTMe- WG

Taking In. ¢ Matural Loganihmes §on both sides,

iy
Inl, = ol K 1 +m = dn (T) —ol
vt
Inffercntiating with respect to Tempersiare,
R 5
I_ H% = E} - E - U"'n o ]_
In " dT T L vy T
Lol o omo Mg
Al T 7ol
m
? value s neehuible 7
Ldi Yoo

% —_ T
lg "dT = AT¥,
Experimentelly it 1% found thal reverse satutation cuorrent imcredfes ~ T F°C for koth

Srlicon and Geermanium or for every 10°C rise in wnperatere, 1, gets doebled. The reverse
satpratinn current increases iDexpanded during 1he 1eres sine pomion.
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25— ¥, 0

— 1 A
—— 10 pd

l

IP:
1500 pA

Fig 2.4 Reverse characteristics of a p-» junciion diodg.

Reverse Saiuration Cuarreni increases 7% 0 rise In remiperaiure for both Sificon ang
Germaeniam. For a risc of 1°C in temperature, the now value of ) s,

’ ? 'll

Iy = L1 * TE!EJ I
= 1071,
For atiorher degree rise in le@mpemaiure, the inceeass o8 T of (1071,
Therefoce for 1 °C e in wemperatre, the inerease is (1 0700 - 2,
Thas for evary 10 °C rise dn tomp Ly for SHicon amd Garmanlam geir doubied,

.15 SPALE CHARGE OR TRANSITION UAPACITANCE .

When a reverse Rias a applicd to a p-# jincdion diode, electrons From the p-side will move ta the
#-gide and vice versa. When electony cracs the junction inle the m-region, and hole away fram
the Junction, negative cherge is developed on the p-side and similarly posttive charge on the o

gige.  Hefore reverse bias is applicd, becayse of concentration gradient, there s come spioe
charge region.  lis thickmess ineresses with reverse hiss. S0 spece charge () increeses as
reverss bias vorltige incragses,

But L= %}
Therefore, Incremental Capacilance.
. Jdo
o= [
T dw

where () is the magnitude of charge mcresse due 10 voliage dV. 1L is W be noted thar there 5
negative charge om the g-side and positive charge on R-vide. Hulwe must consideér paly ins maghinde,

. _ a2
Current { = m



Junction IMNode Choraederisfiie: e

Thercfore, ifthe voltage dV i changing indime dt, then a current will result, given by

- dw
= W —
T a

This currern exists for AC.ounly. Fur D C. Volage s not changiog with time. For D.C
CHRACTLANICE 1% OpEn < ircuil

The knowledye of U is imporiant in eansidering diode ax a circyit element. £, iy calied
Iransfifon pegiod CaOpaoilaNce oF ffuce cHAPPe capacitureg or Barefer cafiacilanee, oF
depletion region capacitamee. Thig apacitane is wod canstant bt depends wpon e revetse
bigs vollage V. If the diade i torweard biased, since space change = 04nns dassn't exise), Ttwall
be negligible. L is ol the ceder of 50 pf e,

ALLOY JUNCTION

tndinm is tvalent. 1 1his s placed oguinst »-tepe Germanum, and healed to a hogh temperature,
mdium diffuses inta the Geemanium enveial, 8 po gunction will be formed and far such s junction
there will be abrupt change From acceplar ions on one side to donor s on the other side, Sach
njencrion i3 called Moy Suaction o3 Diffation Synciion. Inthe (yura. e aceeplor ion
concenteztion N, und domer atom concentration. M, 15 shown i Fig. 225, There 15 sudden
thange in comcentratoen levels., Tosatsfy the condition of charges neutrality,

ex My W Ny W

F-ippe M=l
Charge Density — +ve
o,
I
—-ve " 4 4 4 4 4 4 T T
— x
W
i g .
! Ll “r ! rl
LS
!
Fig L2F Abropr pest Junomon,

IEM, <M, Lhen "l'r'p =W In practice the width of the regiod, W owill be very small. 5o
il can be neplected. 50 we cun wssume that The entire bamier porential appears across the
F-region just near Lhe punction.
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Foissan’'s Byuution gives the relatiom between the change density and patential.

i d*¥  eN,
is - = —=
ds© E

where € is the permitivity of the sermiconductor

dv _ eM,

dx € *
1

"'u"—-—""E'N :-;H—

Aty = e W= \-"H Lthe barrier prennal. WF_ = W
|""ru _ &by
1 Ie

The vzlue of W depends wpan the applied reverse bias Vo I ¥y, is the comtact potential,
¥ — ¥, =¥ whenz ¥ is the neverse bias voltage wilh negative sign.

Wl e [ 234}

30 &5 Voingreases, W oalic msreases and ¥y inoreases
W ...l"-"_u
[T A is the arca of the junclion, the charge in the width W is
DaregaMN, «Wxh
where Wox A= Valume
e % M, = Total charge denziry

de AW

c_]_: idv =EIN"'IAx|d1I|'r

= JexN, JE E.".-'H M

. EM, 5
Bt 1'-'.'_]— e w W
Illn_: ".“B'
0, § W - 1"::“-'.‘44
dw [ 2e ik
v ﬂJExNh ©
- lex M
- = _ AT §
Lo LV = "l"l"-ll| e
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dW | 2e Je
— s T T T
dy HerM™, 7 JexM, «W
= [
- M—
e, W
E
T oexM, AW
=
C; = — e £ 135 )

Ty expression 1% sinnlar tx thar ofle Pagalle] Plate Capacilor.
2.1 DIFFUSLON CAFPACITANCE, ['.'D

When a p-n juncricn divde s forward biased the junction capacilance will be much larger than
the fransition capacitanee I-. When jhe dinde is forward biased, the barier potential is reduced.
Hales from gesede are injected e the A-sede and glectrons inda e gside. Holos which are the
manocily carriers in the g-side aee injected ioto the resede Too the perepion. The concentration
of holes in the a-side decrease expunentially from the Junction, S0 we can say har a posinve
charge is inpected nto the B-ride from p-side. Thy injected churee s proportional to the spplizd
fomacard bias voltage V7. Sa the rate of change ob injectsd charge 0 with woltage * %7 15 callad
the [httugion Capacitance O, Hezause of O, total capacitance will be much larger than Con
the page ot tnrward bias, | L7, is few mE {ImF} ) ) value will be a few pico farads.

LERIYVATIN FOR {“n

Assummme thal, the p-side is heavily doped compared ta n-aide. When the dinde is forward biased,
the holes that are injecied inte the n-sfde are much Jarger than the electrons injested into the
p-side. %o we can say that the wial diode corent is mainly dos e bolés ooly. So the excess
chiarge due 1o minerity carriatg will exigt aply on re-gide, The total charge O s equal 1o the arca
under the curve muliplied by the charge o eleéirons and the cross sechonat area A of the diode.
I’“{ﬂ:- iz the Cencentration of hales'em?. Area is imcm?, % in em,

T pA0)

pA 03 = Heoleconcetiation i m-tegen ot 5 =1
Carrier

. . P = Thermal Cywilibrivm Concentration of Hiles,
L ancentralion n

Fipg 226 Carrler conceniration vardgiing.



L1z Elecirvnic Devices mod Circults

W
g = [AeF it dy
0

- Aepym Jo
]
G = AeF (M [-Lpfi-]]

= Al p, 0]
N dpy, 10
Cpn= v —A.:LF T Tae e [
W krcew thal
A =D fase™'t
lpni £} = PAdats B p, (B xe
Lp
Aeld p (1}
o pnit)= - %
‘E
Py = L% 10 4en
dp o} _ Ly A
o
L
T |
A:DF wE o e [2)
where g is the conductance of the diode.
Snbstitute cquation (2] in (1]
' I "\-I
o= Awex Lo ‘n L]
L p u'ﬂ‘nnh
LE
- D_r' -

P
The lifetime for koles T is given by Lhe ey,

whaere [0, = itfusion coetficient for kaoles,
LJJ = Diffusion kength for holes.
D, = cmiisec
Cp=Tx4
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Hur diode resiztanse
r VT
|
where 1 = | For {rermaanium
i = 2 for Silicon
[
I'I."I'IT
Co= % 3

C., 15 proportional to 1. In the shove analysis we have assumgd ihat the cuerent g doe (o
holes only. So it can be represented as L. 1fthe current due to electron is alsa to be consdered
them we pel correspondimg valee of O l'h_": tedal diftusion capagitance = Cpp + Cpy, N5 value
will he aracad 30005

l.'_‘.D =Txg
o e f..‘n =1
rx U, ix called the lime constant of the grecn duede. 1135 of im portance incircui] applications,
b= valpe ranges from nano-sees (o hundeeds of miceo-geconds.

Charge coatrol descripticn of & diods
(- A :::fJ.F}c:pn[t]:l
AeDyp, (03

LF

% =Axe=pil]
1=0) « np.-'[.Pl
Buot I,pzf'[ilp =T

12T MODE SWITCHENG TIMES

Whon the hias of 8 dinde is changed from forward to reverse or viceversa, (he curreni fakes
definifz Linte to reach a gteady siate valye -

LIT.1  FORWaRD RECOVERY TIME | T |

Suppose a voltage of 5V s being applied rethe diode. Tune taken by the diode 0o reach from 1084

Lo the 90 of the applied voltage e called s the forward recovery time [, Bul usaally this 15 very
smatl and 5015 not of muech impoartance. Thas 1s shown i Fig. 2,26

2.17.1 DropeE REVERSE RECOVERY TIME (L)

When a diosde s forward biased, holes are upected into e “n' side. THe vacnatvan of concaniration
al holes and elécirons on m-sed and pside 15 a5 shown in Fig. 2.27. P 15 the thennal eguilibrium
conceniration of holes on A-sfa'e. B, 65 the 1otal concentration of holes ono s -side.
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¥
Do
10%%
e sl
Time T <=
Fig L217 Rixe rime, Fig 1218 Carrier concentration im reverse blis,

22T STORAMGE AND TRAYSITION TIMES

Suppase the inpul given to the circut 15 as shown m Fig 229 (). Dunnp 0 1, the divde 13
forward based. Forward resisance of e diode 15 small compared o B Simee all the voltige
drop is ecross Ry ilsell the voltage droq acress the diode is small,

W),

= R,

Thiz is shown i Fig 2.29 () apd waltage agrogs the dande in Fig 2.29
(i) wpin ;. Now when the forward woltage is suddenly reversed, at t = ), becaose of the
fleverse Racavery Tine. the dede current will not fabl suddenly. Inslead, 1 reverses s dicection
and = Ky (R 15 vmall compared 10 reverse cesistance of the diode). AU -1, the equilibrmum
level of the carricr density at the yunction wkes place. Sothe voltape across the diode [alls slightly

but mal reverses gnd ncneases o "u'n afler 1ime ty. The cumrent also decneases wod reaches &

value — reverse saluratien curment |

The imterval time (8, - £y for the siored moocity chags w become 2ero i3 called Sorage
Pmtet, Thevime(t; 0] when the dicde hag normalty recoverad and the reverse onrrenl reaches
1, value is called Fransition Fime t. These valucs range from t=w milki-seconds to s few

micro-seoonds.



Junction Nede CRaracteristics 1%
LR
vf
(b o 3 =7
T R ‘ :
{ . ;
:
P i, ]
janeton i
1
-=I= * [
! i
i
Lt I
, 1
I,-.h :
) k ] ]
{ii) o E‘ *
1
1
I
. _ /'f'
"7 i
W
:  §
i } ol f— |
L rbipmyriny Lo,
Forward e .
Biax Slwragr 1 '
-¥ lime + L
" b= r, e 1 -
1 5 1 T_rln:il.itln
= t i 1l o

Prodlem 251
(2]

Fip 119 Swrage and Trupsition timmes.

af its sgaturation value al rom temperature '

(

af 0.2, and 0.3Y respectively.

m

Far whal v ltage will the raversa cumenl in p-n junction Cermanivm diode reach $0%

TFthe rewerse saturation curment is L0 w4, caloulals the forward currents for a vollage
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Nalrdian

T
(a) ¥o= 160t = .0Z6Y at rogm temperature. O ir is 26my.

Vo i volt eguivalent of femperatuce. T s in 2k

_ KT
Vi=

I is the Thermal Enesgy expreased it equivalem eleatrical wnits of Yolis

f
.:'1""7_]‘

-1

s

n =1, for Germaniwm Digde,

B
08,1, nu.m_1]
Y
ar Ve 0017V
) For ¥=02 I- tu[.f“'”“'_1j~21.sj i
02V =20mv

For ¥=03, = mt:“ 2 |}= 1014
Protlem 2,32

Find the valut of (i} D.C resistance and a.c resistance of a Germaniom junction dicde, il the
lempecaturg &5 25 and [~ 20w with an applisd voltoge of 0.1Y

Sl arieon
-y
T =273+ 28 = MER

For Germanium, 1 =1
T [2maszs)
“TLe00 T lignp ~O028Y

ool

¥

b
e "J=n_5rlﬁmn

[w 20 = J0FY

.-i-—'-]D‘?Jﬂ
i W
d
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I dl
M= a T
¢ M
IHE et E
% = L‘,.,T { =351 ¢ LOF3 LN
r,o=26.301

Prodlem 173

Find the width of the depletion |5_1|'_|.-:r in & germanium junclion disde which has the finlloaing
specilications Arca A = 0001 cm?, o = Imhos { cm, 0, = 100 mhos J om, = 350K cm?sme
p, ~ B0 cmfzec.

Serleiricnt
Permitivity of Germanium,
€ =16 = RES « 10-M Flem
n'=£.24 = 103
T =10FK.
Applied reverse hias valtage = 1V,
|"|-
we |t e
Y oeN,

It this formnula, T the denominatrs, ™, s vsed since in the expréssion we have assumed
that p-side af the p-n junciion is heavily doped. 11 m-side i3 heavily doped. il would be Ny,

"l.I'E- Total barrier polential = Applted reverse bias voltage
+ the contact difference of potential
(¥, )
Voo W+ ¥
So first ‘u",} should be calculaied.
0,-P
Vo=KTh. —5
I.ll
KT = 0026 eV
1:!.':' 1 1%
No=t™ ol ™ Towio Paapon - 1547 101 Fem’
ol 100
= = —£ = — 17 L]
Na= P = e, T a0 agop o e

35107 ) g 0"

YV, ~ .02 In. m — 0357V
A ]
TulbxBESx 107 w0 35 +1
W = i .’.'“._-__’ilcﬁ.an?—J - {1,083 = |0 ¥em
Yo 1Ax10Y 3510
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Probfem 234

Caloulate the dynamic forward and reverse resistance of a p - n juncies diode, when the applied
voltage is B2V for Germapiem Dhode. | = 1pA and T = J00°K.

ol i
T — s
T = IFK
W, - hasy
V=025V

1= tle™ -]
For Germaniom, 1 — |

Dhynamic Forward Resixtance -

Y is posilive
L)
'-.I- = i = LT— t""_- — I-.l
I dw W
& 0
=
.G
|
— =1{1.5T8 mhocs
]
- 1740
Thmemic Reverse Resistance
P
. f i
I o=1yi° -t
I'\-\. .-I
1 dl l; oy
Com = A
I v Yo o8
|H||:|—h 2%
T ooze =0T
|
T =72 5T« 10rY mibos
r
l 3R9.T ML
r = - - =. .
rT2ETent

In practice r is much smaller due in swrface leakage cumrent.
1.18 BREAK DIYWM MECHANISM
Then: are thoee ypes of breakdown mechamsms 1o semmcondocior devices.
1. Avalanche Breakdownn 1. Fener Breakdown 3. Themal Breakdowm
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22R1  AYiLANCHE BREAKDOWN

Whenthere is no bias applmsd to the dicde, there are cenain number of thermally peoerated carriens.
When bias is applied, slectrons and holes acquire switicient sneray from the applied patential w
prixduce new camiers by removing valence electrons from their bonds. These thermally generated
carnars gequine additional encepy fom the applicd Teas. They strike the lattice and impart some
energy to the valence ¢lectrons. 5o the valence eloctrons will begak away frorn their parsnt stom
and beveme Tres carriers. Thess newly penerated addilivwal camiens scquire more €nergy from
the piential 1since bias is applied). So they again strike the latice and create more nuiber of
free electrons and heles. This process poes on as long s bias s increased and the number ol e
carmiers gets multiphed. Thisis known as avalgecire sredtipficuifan, Sincs the number ol <armiers
15 large. the current flowing through the dinde which is propomional to free carriers also ncreases
and when this current 5 Jarge, avalanche breakdown will occur.

128, ZenERr BREAKDDYWN

Mo it the electrie field iz very steone 1o disrupt or break e 2ovalent baeds, there will b sudden
nerenge in The ammbrerof free camigrs aml hence bree current and congequenst breakdown, Even
W thermally eenerated camiers du not have suffucent eoerey to break the covalenl bonds. the
electric Tiebd rs very hieh. then covalent bends ate directly broken. This is Zeaer Breakdowna. A
Junation having narmow depletion layer and hence high field intensiny will heve zener breakdran
gltect. [ = (0% ¥im} [tihe doping concentration 5 high, 1he deplatinn region i namoa and will
haves ipgh eld indensity, to eause Zensr hreakdawn

TTH Y THekWal BREAKDOWH

If'a dwde is Biased and the hias vottape is well within e breakdmiwn voltage al room temperature,
there will ke cortain amount of 2uerent which i less than the breakdown current. Now keeping the
Biag volage as it iz, if the temperature iz inzreaged. dug to the thermal engrpy. maone aumbar of
wirrrests il e prodiiced and Pnally breakdown will ook This as Fhgrmal Breukdown

I zzner hrcakdown, the covvalent honds aic replored. But the covalent bonds of all the
atoms will net he mptored. COnly those atioms, which have weak covalent bonds such as an atom
at the supface which is aol surrounded on all sides by atoms @il be broken. But il the field
glrength i not geeater than the eritical beld, when the applied voltage is removed, normal covalopt
bond structure will be moee or less restored. This s Avalanshe Breakdown,  Buol il e feld
strength is very high. so thot the covalent bonds ol el 1the aoms are broken. then nommal sireclore
will nit be achieved, and there will be large number of free electrons. Thes 15 Zewer Brcakdown.

In Avalznche Hreakdown, onky the excess electron, laosely boond bothe pacent stom will become
free clegrrom hecanse of the mransfer of energy (Tom the electrons posscesing higher energy.

1.19 ZENER DIODE

Thiz is 8 p-n funciive device, in which zener breakdown mechansm dominates. Zemer diode 1
iy psed in Keverse Bips.

Iz constractional f=atures are:

L. Lwping concetraeion o deovy on poond 1 regioas of e diode. contpored
1 werenaed pen junction e,

1. Dz o heavy g, depletion reglor wighth 15 mereow,
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r

3. fue & Barrow depleqor regaoer width, elecreie ficld intonsity £ - E

"|l|'
- W: will Be kigh, wear the juaction, of the order of 15 ¥m. Yo Zener
Breubafonem mechusmism eocurs.
In normal p-n fererion diode, avalanche breskdovn oceurs il the applied voltige 35 very
high. The reverse characteristic ol d p-n jurclivn dJisde 5 shown i Tig. 2.29.

When the Zoner dicde is reverse biased, the culrent flowing s only the reverse saturalicn
corrent 1, which is constane like im o reverse biased diode. ALY - V., due 1o high electric

e
I'u:l:l[ T;; J £ener breakdown necurs. Covelens bonds ere broken and suddenly ihe number of free
. -

electrons mereises. 340 1, incredses sharply and ¥, remains constant, since. | mcreases through
Zuner resistance R, decreases. 5o the product ¥, = R | atmost remains constant. I the input
yrllape 15 decreased, the Zenet dinde regains its original struciure. (Pt if L is increased much
bevond ".-"z, electrical breakdown of the doviey will aoour. The devige Iooses it semicondocling
properties and may beconte & shart circuit of opeh citouit. TRE 8 whad i meanr by device
Areakadgwn

Appllenifony
1.  fu Foltage Reguiator Cirewits
2. Clipping mnd Clamping v it
3. fa Wave Shaping (iretils.

¥,
1

v, e— |

Ilr"' r

—

Fig 229 Raverse characterisfic of a Lener rdiade.
I3 THE TONNET. DIODE

T an grdinary pen junction digde the doping conceniration nf imperity aroms is 1in 108, With this
duping, the depletion layver width, which constitutes bumier poential i S W the concentranon of
fre impurity 3toms is ivcreased wosay 1 in 1% This comesponds toimpusity density of = 10%m7),
the charactoristics nf the diode will completehy chanpe. Such a dinde is called Fvamed Diede.
This waes foond by Evaks in %54,

2301 Tranenm PRENODYEMOR

Barrler Povenrial ¥y 2

- t.Nﬁ_ - “I'E

M 2e
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r. Vg
ar W= 1‘| . H.ﬂ.
where W —Width of Depletion Beeion inp

M, = Impurify Concentralinn M m’.

Ba. fthe width of the jusclion Barmer varies inversely as the sqeare ool of impority
eancentratinn.  Fherctore as Nﬂ tneTCAases Wodecroases.

Therefore, imtunnel dicdes, by tnereasing ™, . W can be reduced from 3 o701 According
1w classical mechanics. a partichs st posscss the potential which is at lcast equal to, or preatec
fhan. the barnier potential o mcve frop ome sice (o the other, When e barrer wadth 15 50 il 45
.01, accordinp to Schrodinge equation, there 15 much probabiltby that an e lectron will penctrate
whenw a forward biaz 15 applied (2 a1l diode, 30 that patential barmier decreases below E. The
w-side levels must ghift mpward with respeet 1o those on fhe el 50 thers are oeeupied stares
i the conductinn hand of the n matenal, which are at the same energy level 2 allowed em
states imwhe valence band of fhe p-irde Hence elecerons will 1unmed From the e to the prtiede
giving rise tit forward current. As the forward Bias is increased farther, the nom ber of £lectrans
uA peadeic A lich vecupy the sarme emerey level as that vwconr emergy stale existing on il
alan increascs. 50 more number nt elecirons tunnel throwgli 1he bamier tecmpty stafes em the lefr
side givine cise 1o peak current L 1 st wore Torward bias is applied, the enerey level of the
glectrons on the sl inereases, bur the empty states oxisting an e p-side. reduces, So the
i rngling currcat decreases. [n addilion to the Qraarium: Mecbanical ]"qque'fmg Cyrrany, thepe
1= rvl:j_.,uln:pujmdmﬂ injectiron curment alse. The magnitude of this current 1s considerable omly
Eeyond & certain viadue of Foraard bias oltagpe.

Thercfiwee, the cument again stans bevond ¥, e gezph is shoawn in Fig. 2,30

]

Fig 238 V- § Characteristics of @ Funnel diade.

In = Peak current

I, = vallev current
V= Peak forward vollage

Yoz MimY
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2.5, CoaracTeERETLS OF ATrexeL INoDE
EFar small forward wvolrape (e, ‘u’p = WmV Gor Gieh, Toraand eesistanse is small = 500 and 50

dl
carcenl i larpge. ALvhe Peok Curreny Ip, onrrespond g W veltage v Ty is rere. [TY 15 beyomd
¥, the cerrent docreases. o the divde exhibits Negative Resfstaace Charactevistivs hetween
! "and [, called the Kalley Currsnr. The voltage at whach the Faeward curront again oquals 1, is
alled a5 peak forward voltage Vi Reyond this voltage, the current increases raped .

The symbaol fortunnel dipde is shown in Fig. 2.3 {a). Tyvpical values of a tunne | diode arce:

Vo = S0 mY Vo = 350 Y,
Tu
V=035V, Fo =8
n=10mA, Megative resistance B = -300)

Series Ohmic resistance B = 1) The series inductance L, depends upon the lead lenyth
and the geometry of the diode package. L, = 5nH. Janchon capacitance C= 20 pF. Its circul
equivdlent is shown in Fie 2.31(k).

My “e
R, L.
 pJpm— §—RH
(a) Ly
Fig 237 ( a ) Sveibol of Tunnel Thade  { b ) Fguivalent Circuit
Advantoges ;
I. Low Cost
2. Lavw Moiise
3. Simplicity
4. High Spweed
& lavw Inpuol Fower

#. Covirctmental leonumcty.
Disadvaniages :

1. Low output vollage swings. even Tor stiadl valtaze, whike the currenl poes by lanee
values. Sothe swing iz limated.

I. Circuft design difficulty, singe it is a two terminal device and there is no isolarion
belwzen inpurt and culput.
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Applicationy ©
1. Asahieh frequenay ascillator JOHzZN

2_ Axa fasi switching device. Switching time tx in nano-secands. Singe tunneling is a
guanium mechanical phenomenen. there 15 no eme log betwesn the application of
voltage and consequen ciement variatinn. S%ooil can be used For high fraquencies.

17 the bacrier widtl e = 3A7, the probabilicy thar electeows will onnet through the Bamiee rs
large. The harier width will be = 1A% when impaoricy doping coneentrafion is = ra!%em® 1t
width = .01 pelectrms witl tunne [ without the application of Geld. But if width = 3A%, very small
applied wellape 15 sulficienm Fac the efeclron Do lunnel.

The twn canditicens te be safisfied for tunneling phenamenon to tabe place are
Necessory Caadition
1. The effective depletion region width near the punclion mist e small, of the arder nf
347 by heavy doping.
Sufficiens Condition
. Thers mwst be cquivalem cmpby encrgy staccs g the p-sede correspondin g @ energy
levels of electrons on the g-sale, for these electrens o wanel From R-sicle b p-yide.

When the tunnel] diode is reverse biesed, there will be somz empty slates on g-side
eorkespondingg ta filled states on the g-pide. S0 electrans will tonnel throwgh 1he barrier From the
pside 10 noside | vines when the dicde is reverse bigsed the enapy levels on nside will decrease ).
A3 hiag vollage is increased the number of electeons tonne ling will inerease, so forwerd current
increases. When the dide s Eorsard biased. electeuns lrom g-ide will inersase, and 1anel
through the barerer 0o p-veefer, This 1s called quanim snechanical curent. Apart fram this, normal
pen dicicke current will also he there. Bevond walley voltape W, itis nommal dinde forward currenl

M YARACTOR DIODE
Barrier of transition capacitance (1 varies with the valus of reverse bias voltage. The lacger the
reverac voltage, the larger the W,
ExA
W

SoCp of & p-r jumgtion diode vanics with the applicd reverse hiss voltage.

Caades made espec ially for that particular properly of vanable capacitange with hias are
cilled Fardotors, Faricaps or Fadracaps. These are used im 147 Osgillator Circuits.

The Symbal s shown in Fig. 2,33

Varactor digdes arg wied in high frequency circuits.

In the cass of abrupl junctian,

EA

Lo

=% - b/Hj -
Bu W (W9
oo vy Fig 2.33 Varactor THode
In the cese of Timearly praded junction.
W {1..'][.'3

Coo ¥y
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The vamaticn of impuri [y atom concentraticn with o for difecent trpes of junctions is shown
i Fie 134,

Hyper Abrupt I*""— Linearly {taraded

Junslion !
1
1
N .’
|
;
] :

| +—F——Ahrupi
P
b 1
|
| 1
%
bl

1
W

Fig 234 fempusity conconairalion warkofion i the funcficn region.

Bul'C' can be made propertionat 0 %! hy changing the doping profile. Such a juncrion is
called Hyper Afrrupt Jusction. This juncticn can be abtaned by Epitacial Process. Theretore,
€ changes rapidly with vohage. Varactors e ussd it Reverse Biag condition., simee Oy propoetional
tee % and Cp =1 g Noodireet relation with V. 50 Varactors are wsed in Reverse Baas condition.

Capacita c- A

apecitance, _ Lt
pRCTLane "
As the reverse bias wvoltage increasas, wedth af the depletion repioa increases. So Wincrpses

LI W Hence © decreases O is maxamnm prder noe ewerse hias codinon, gince Wois

miimumL] i% mindmun nder masi man reverse hias, aince Wi oax

CM ]
Figure of ment - - *

L
Fig 235 Egwivwdlent circwir 8f Feraclor diode
Lo lead inductamce.
R_: Series resistance »f the diode due i the semiconductor material
C Jumgtion Capacirangs
R, : leakage resistance of the diode since the capaciion can nol he ideal one with
out any Ieakage.
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Probfem 2,35

For 2 Zener Drode, the breakdown volage ¥V = ¢ B, “ 2¢MA. Frove thal, the brechdown
voltage for a Cie diode is 31 if F =2 = 107vim v-hn:n: G, = conductivity of the p malerial is

{ fecm)! Assume M, << N Ip materml 15 iNTHRSIC, ca
Sofurion

I

culare V

=xEz
Ve © 2eM
up=h*3=nmp and =N,
o LA S T
Huhstituting fore x M, inequation {1}
L T
V,= n
p
&
£ = - -z Ffm
om0
v L L#n - o= |
= ——= % —
T
-2 ] 15 i { £2 !
= 5, wlieee 9, 15 mh o blem)

, i |
For intrensic Ciermaniwm, ", = -1.-5. )
V=351 =d5 =2300Y

Probfem 1 36

The wansition capacitance of an abrupt junction disde is 20 pF. at 5%, Compoie the valoe ot

decrease in capacitance for 8 1.0 volt increase in the hias.

Fodfurlon

1
o v

k
20 = 1‘,5 tkoes i comstamt

) k = 1(}15
when "ul' av, E'
2045
c, - T - 1825 pF
'l

Therelore, decrsase inthe vabue of capasitance s 20 -

. Cp=10 pF.when WV = 3¥

E8.25 = 1.75 pF.
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Froblem 237

ia)  The Fener Thade regaelates ar 30V over a Sy +
range i diode current from 5 mA o
40w, Supply voliage ¥V - 200%, Calculate gn
the value of K toallow voltage regulation + , L
rom a lowd cumrent || - 0 opte [ng,: the 9= Y II
maxumum possible value of ;. What is [
Lops [ Fig. 2.36) T

(by ITRisselasinpuri{a}and ]| —23maA, whel
are the linnes between which % wiy vary .
without Inss of regulation in the circuiy Y Fig 236 For Problem 237

Sanrnion
A0 - 3N
@y I =0 H'_-ll.’:mlﬂ" =370 0

1,4 coouts whea [[—Sma
I, =(40mA - ZmA G- 33 mA
by fFor ¥
I:_ + l”— 2543-30mA
Vo, =03 13T

= lg2.5y
For v ..
L+, =25r40-05ma
V., =S+ (65« 10737500 = 291 RY
Prohipm 23X
A cesistor Boas placed parallel oo Gie toenel diode. The tuanel diode has
diy: |
dw e B l:l.l'.l

Firut the value of [ sothan te combi o daes nonexhibin pegarive resistance region inits
virlt ampere characreristic

Soludion

The combinatan is called as jumnel resisiar, 11 the W-1 ¢ haragteristics wers 1o exhitt no ntl.-.atwc
resistance repion, the slop of the curve

dil g, for all ¥,
d

I= i+ i,

= L

=iy o

Je . lﬂln + = 0

I
dv  dv R Fig 237 For Problem 138,
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| diy

R dv

dip I :
e mrnnr.

Theretnre. B should ke as least |0 Lk se that there s no negative resistanee region in the
characrenstic.
Froblem 239 H
The Zener [Nodde can b used 1w prevemn eoverloading of s
SERISITIVE [heTer mavements withour affecting meter lineanicy,

The circum shosew in Fig 238 represenns a IO valt meter m o
which reacs 20% Tull scule. The mcter mesistance 15 3640 £2 ¥, Ir (%' 20%

But 1t is wven that | ==

and R+ B, =W .5k(E IMthe dinde isa 18 Fener, Find B |
and Rl S0 [I1.'-l'r when % = ZFY, the Xener Dinde o mle:tq
and the owerlnad zureem is shunted Away fronm Hhe meler.
Sodurican
When ¥, — 20%, the fener should not -L'-IJ]'IIle.'l
0v = (B K. R ) (oW S - DL SE) [0h =

Hg 2 IR For Profblem L 00%

I =0V = 2(W) pA on full geal
= TO0RL) R on fullscale.
Whon 'V = 20W. the voltage acrass By and B must be cqual 10 the Zener voltage ¥, — L&Y
a (R, + R _}~l=10¥
1oy )
K T s T AR

R, - B0KLY - 300L) ~ THIK0
R - #95K0 - 75K - TR0

Praflem 244

What 15 1he ratio of e current for & Farward biag of 0005% e che curren for the same magnitude
of reverse iy for a Gemaaniorm Diode?
Sodedion
For Forward Bias, ¥
For Reverse Bias, W

PO — SRy,
0 3% = J0m,

Yoo = Q0IeY = +2EmV
T = | fisr G mmaninm Dinde.
y
uiT-a—!I _ £ L _ g _ .82 -1 _ 683
n e ™F L o - A

. e - -1 o : : . . :
Megatioe sign s oecuy s, the dirgetion ul corrend s opposite W heo e diode 15 revcrse braged,
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Probfem 2 4f

It i predicied for Oormaniom the reverse saturtion corrent showld mcrease by 011200 I is
found experimentally inoa particular diode that ata peverse virlbige of 100, (he everse current is
5 mA and the remperature dependence is only 0007 7' What 15 Lhe resistanec shunting

the dioic ?
Sl seonr

dr o dly,
d.l. - d].

" [ (e revierse sammration current, will nar change with emperamee.

|
Far Serrma i, l_
a

!

L

Taking the cutio of

Problens 1 47

Creer whal range of input waliape will the 22ner regulator Circwn maintaing MV acrass 2K

L

[I_- - R_

an,

ST
dl

—_ - 1
:-cd_!_ 0T,

-l

1ol
ly T _ 1 _ 0N

Lodl 1, 07

-
1 dr
|y - 2636 1.
Irt = [ = (LA
I=438d 1L = E_%%hl =052 |.;.
I,:I Eimb

I, = 0372 5mA) = 268 maA,

R=Y4 - "

Ay 7 agama 0 KA

L

v
=

v

Fig L3 For Problem 141,

resistor, assoming B, — M0k and max. zener current s 25 mA

Snlagion

MY
IL_;_FEi =15mA

Mk, Fener Curtent = 25ma

Toral Carrent =25+ 13 - dmaA

W =50V R 1= 30 2000 [5+ 25y =34V

1 N1



Junceian Binde Characierisyfics

12%

-

* + &+ %+ 4

*

SUMMARY
Energy posses sed by an eleclron rotating io an orbit with radius r;
E=~- 3
o dme,r
) , ) n*h? g,
Fxpression for the radius of orbit, r = ———
Tme
Fxpression for wavelength nf emitted radiation, 3= 12400
e " (-l
PFepes of Elegtrante Emissions from the surface,
{. Thermionic Emission ¥ Segondary Emmssion
3. Photoelbectric Fmission 4. High Field Emission
Exprassion for Threshald Freg unnc}'f]_ in photmelegtric emission,
- o

Energy Gap LG decreases with temperature in st.mlv:n;ductﬂrr..
Muobiliy p decresses with lemperatore. Unils are cm®v-seo.

) 12 by
“F'=ﬂiL"i=-'*'-T o KT

[.aw nf Flectrical Meuotrality NA' +tp= ."-.'” +m
Femmi Lavel lies olose o EE IN N-f)08 St uctor
Fenni Level lies close w E".,.' I p=rype sencomivtur
a = mep, A pep

gl
Hall Voduage. ".“" = p_m
Expressinn for current through a p-u juection.

;oo

Diade is L=l ™ 1

1
-

Foreard Resistance RJ..n.:-f a dicde will be sl ol the onder of Tew L. Boeverse Reststances

B, will be very Rugh, af the order of kil

Cut im vehags ¥, Tor Germanium diode 13 0.1% and tor Silicon diode i is 0,5Y &t room

lemperature. I decreases with increase in (cmpocature.

L the reverse suturation current of a diode will be of the ordee of s few pa [t increases

with temperature. 1, gets doubled For every |U°C rise in lempériture.

When the diode &5 reverss baved, transitren capacit@ance Cp resulis when the diode is

furward biased, diffusion capacitance Cp, is exhibired.
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The three types of breabdown mechanizms in semicondusior diodes are
1. Avalanche Breakdpwn
2. Zener Breakdown
1. Thermal Breakdown
Tunnel digde exhibils nerutive resistance churacleristics
Varaeror digdes are operaied i reverse bras and their junction capacilance saries with
1he virltage.
Zener diode is also pperated in roverse hias for voltage regulation.
{_EIBJEﬂT]\"E TYFE DUESTIONS
.  Free slectron concentration in sermconductors 15 of the orderof
2. Insulators will have resistivity of he arder F v i o
d. Expression ford imtenns oF Eamd Giz oo v
d.  Expreszinm fnr ] in the case of A cemiconductar with eoncentrations moand pois
a0 Yaleg of El_.i at roan temperature Tor SISO s . o ewne . .
6 Accarding 10 Law of Mass Action in semaconduclon, e iennen
T Intringie concertration depends an wermperature T a3 L . L
E.  The equation poserming Law of Electrical Meuraliiy s .
O, Culin Woltages o o e e o Wil R2IPETALLRE
10, Depletion region width waries witl revarse haas voltages ag .
Il Tn pehepe sedavondwcier, Fermi Leavel lies close o ...
2. In p-fpe semiconduclor, Fermi Level lies closera )
15, The rate ar wih II1 champes with Temperatere 10 Silcen dade 1z
14, Value of Yolv equivaben of Temperatues ot 25°C 35 .o Cererenns N
15.  Emstein’s relationship in semconductoms s ..
I A very poor condoctor of elecimicity s called
17.  When donor impurities are edded alloweble energy levels are intreduced a histle
..... RPN |1 PRI 1 -1 | L=
1%, Under thermal equilibrivm, the peoduct 0¥ the froe negatiee and posetive concentration iy
u constanl independent of the amaunt of o e e dogun g and thig relationship,
called the rmass actiom Jow apd is given by np = e e,
t%  The weneuirabsed ons in e ngighbourhood of the junction are retfermed to as

............................... charger and this region depleted of mobale charges is callod
RN = T 1 {1 B e -1 1o ]
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20

-

el

]

Ga .
23,
2.
25.

26

]

Ll

28
20,

3

1.
It
12,

General _ﬁxpn::s'.-;iv:ln for E, ihe contact differenca of potential in ap opon circnited p-w
Junedfar in lerms of No Ny oand ngois e .

Typical valme of E_, = .. eV
The equaticn poverning Lthe law of the junclien s ..
The expresanm for the cument in a forward biaged dinde is ...

The value af 2ol in voltage in tho case of Gemanivm dicde ... L s and
Siheon Deode oo &L room tinperature,

Expression for ¥ 1he burrier polential 1n terms of deplation regon width W s
Va = oo e

Expressinn for 1 in terms of temperansre T and W5 e

Zemer breakdoswn neechanisen aetds relatively oo else field compared

1o Avalanche Breakdown,

Expression for the diffusion capacitance C interms of Lpand Dpds e

Expressiun for Voll equivalent of temperature Vo in terms of temperature T is

¥i—

The zalient feature of a Tonrel dicde is, it exhibis s Sarcteristics,
ESSAY TYPE (QUESTIONS

Explain the concepl of 'hale’. How w-fepe and peowewe semicomdvctors are formed?
Fxphaitr,
Derive the sxpression for I'_‘.ﬂ in the cese ol intrinsic semiconduwctor.

Derive the expression for E{;
Wil (he help of necessary equations, Fxplain the f2oms Drity Cuerene and L fusion
Cyrremt,

Explair aboul Hall Effect. Dearve the gxpression fur Hall Yeltage. What are the
apphcatioos of Hlall Efect?

Lyistinguish between Thermistors and Sersistars.

Derive 1he expression for contuct difference of powential ".-’IL1 in an open circuiled pen
Juncticas,

in the case of of siepe and m-vpe semiconductors.

Draw the forward and reverse characterisiics vl s p-n junciion diode and expluin them
guaiitatively.

Detive the expression for Transiston Capacilance CTin the case of an abupt p-n junceon.
Compare-Avalanche, Zemer and Thermal Rreakdown Mechanisms,

Li; rive the cxpression for E in the case of open citowited p-m fumedion dode.
Cruglitatively explain the fomsard and reverse charcleristic of pr jumefion rlmu:la
Derive e expression Teansistor Capacitanee Ty inthe cass of pra funcéion dicde.
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14, How junclion Sapacitances come inle existiome in ga_ flecior diode,
13, Wric noles on Yaractor Dods
1. Lustinguish between Avalanche, Lener and Ihermal Breskdown Mechanis s
17, Drereve Lhe expression fur the diffusion capacitanee £, in the case of p-m fuscrion
divsde,
MULTIFLE CHODICE QUESTICNS

1. The Toree of eleciron 'F° between fguclens and eleciron with charge *¢’ and radius
‘r’ is, properional to, F o

1 1

\ : 2 3
EYR. m g el &r W 2
I = r
Z. The epergy pnsnesed by the eleciron, W arhitting rotnd 1be noclexs ig,
£ - Gl -
(2} %n Faf LI £, el g £ - £yl

3. The expressiza for the Kinetic Energy E of (ret electron io lerms of momenion of
the electron “p° And maxks of the electran m iy,

- Al

f F . P g
i — b — : — d —
[ 5g (& Im- e i @ am
4. The exprescion For radies of stable ctate *¢' r,
LI ; ] g7 2
n he, aheg, n hs n" h'E
{'ﬁ] = h]‘ T i I:.'., [{i —_
T me’ ! n' m'e* el mme* ! nmet

5, The valwe of the radius of the lowest state or ground ataic iy, given, h = £.626 =
]I.'I_‘“ I - Secs B, = ]I.'I'_g'.".'iﬁrr

(a} (28 AY (b1 QoA (eh  Igat (dy  D3FAY
. The esmergy requived to dersch an electran from 1 parent aom is called,
(a2l loezation potent sl {by  Lletriv patential
{c) Kineticenergy {dy  Threshold potential
T. Fleciron ¢olligion withaut trancfer of energy i callikion is called,
(a1 Mol clliston b} Impact<allision
tc]  Elastic collizion {4y suffcollision

B. Wave mechanica Lo electron theory iz alwy kwown as
(a)  Eienglein themy {hy  Quantum roechanics
(¢d  Bobr mechanics (d]  Classical cheory
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9.

1.

The exprexcion For threahold [requency I‘T 0 cause pholoelectric emBalon is, with
uernsl sotation is,

e et eh s
o thl -3 ey ()

(3}

The conductivity of 2 good candactor iz typically
(A M tkem (b 10T Clfem ey 10 dewm @) L0 m

1L, The Ivee eleciron concettratiovs of A good conducter is of the order of
{a} 10'% elecwons'm3 (b} 19%* electrondm®
{2} 10° electeonsfom’ dy | 0™ electroms'm’
1T, Fermd level in Imtrinsie sembconductor lles
{a} closetoconducticn band by elose w vakence band
r  hhe middle (dr  MWoewse of the thess
13, The pMeniial which exiats im a p-b juoctive 10 cause drifl of chkarge arrier in
called
{a} contact potential (b} diffusion potential
{c}  iomisetion potentis| (dy  threshedd potential
14, The eqoation goveraing the law of the juncilon is
fab  pior=1{e " Tyn_, I IS L
W W
tcr  pnial =g, [“” ‘]] () n,,=pno ["UT ‘1]
15. The rate of increase of reverse saturatkn current fox Germanium diode ix,
ial 5% (hy 4% fe} 1% {4y T
16. Cut in voliage \fr ol a sillcon diede & also called an
iar  Iweakaver potential (b}  breakdown porantial
i{z)  emiiical potentiel {d} offsetvollage
L17. A diode which is lormed by osing lighthy doped GaAs or silicon wilh mecal 8 called
{a) Fencrdinde (h)  Schatky diode (e} Veractor dinde (dl tunnel diode
18, The symbol shown —f— is that of a

¢al LED (bY  Schorthy diode i¢}  Varastor diode (dy  Cunndiode
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Specificotions for Sificon Dinde

SLNo. | Paramcicr Svmiml 'i'}'[ri'l:ﬂ Vahue Units
1. Beverss breakdown voliage Y fx] W
2 Ml i Heverse Cumen I 5 pA
3 Halic Forward wvoltage {Jor sidecun} s 15 L
4, Taal Cipuieitame U 1 pf
i Reverse Revovery Time L, 4 ns
#. Caminuoys Power Minsipanign 3 500 e
1 ivlax Frowr Ward Currenn I b mé

Samte {ype pumbers of Diodes

1. AT ;= Semicondwctor Device.
A = Denobes Crermanim deyice.
2 BY 127 B — Denoles Silicon Trevice

Y # Rectifving Dicde,

Humber 127 is awing a bype na and has significance.
I al23 . W — Hipolar Devics.

| = Sinele Paler Eunction.
4. BY kB, | A Silicon Dinde,

L

Specifications af a funciion diede

SiMo, Purameler Symbl Typical Yalue Lwiis
1 Yorking [nverse vollags wiv L H L
2 Average Reonificld eorent L L A
A Contitnous farward coreenl I, ElLi] mA
4. Peak TERELElIvE Marward purrent 'F ik BA
a1 Feraard voHags L N6 W
&, Reverse curment I L) A
T Breakdown veliape B’ W] W

Specificarions of o Germaninm Tupmel Diade TN 2930

SLMao Faramcier Symiol Tpical Yalue Unita

I Forward cutrent I 5 M
- Feverg= currenl Iy I mA
1 Peak cumrent Irr i mA
4. Yalkey cumen l, L Mk
& Feilk woltige ¥, i ¥
) Valley volage W, 0 Y
T Halice cab ill_I mn |.,|_. |P'| " LK




fn this Chapier,
+

Circuit applications of p-n junction diode device namely Half Wave Rectifier
(HWR), Full Wove Rectifier (FWR) and Bridge Rectifier circuits, for
rectification applications are described.

Capacitance, Inductor, L-section and n-section filter circuits are explained.

£ener voltage regulator circuits, series and shunt voltage regulator circuits
are also explained.




156 Electronic Devices and Circuils

31 RECTIFIERS

The electronic circuits require a D.C. source of power. For transistor A.C. amplifier circuit for
biasing, D.C supply is required. The input signal can be A.C. and s0 the output signal will be
amplified A.C.signal. But without hiasing with D.C. supply, the circait will not work. 50 more or
less all electronic A.C. instruments require D.C. power. To get this, D.C, batteries can be used.
But they will get dried quickly and replacing them every time is a costly affair. Hence it is
economical o convert ALC. power into D.C. Such circuits, their efficiency (1) efc., will be discussed
in this Chapter.

Rectifier 15 a circuit which offers low resistance 1o the current in one direction and high
resistance in the opposite direction.

Rectifier convens sinusoidal signal to unidirectional flow and not pure D.C.

Filter converts unidirectional flow into pure D.C.

If the input 1o the rectifier s a pure sinusoidal wave, the average value of such a wave 15
zero, singe the pasitive half cvele and negative half cyele are exactly equal.

-l‘.'+v
| ki

n m

v_.‘i
e=%_5nwi=A Sinwt

Fip 3.1 AC inpui wave form.

]

1 -
Eom 3 uj A Sindanty dt

3.2 HALF-WAVE RECTIFIER
If this signal is given to the rectifier circuit, say Half Wave Rectifier Circuit, the output will be as

shown in Fig. 3.2,

. ——p wt

1'::
V]

(4]

Fig 3.2 Half wave rectified owtput (unidirecfional fiow),
Now the average value of this waveform is nor zero, since there is no negative half.
Hence a rectifier circuit converts A.C. Signal with zero average value (o a unidirectional wave
form with non zero average value,
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The rectitying devises are sem wonductor dicdes for low voltage signals and vacuuam dwodaes
{ior high voltage circuil. A hasic cirgnit for rectification is as shown in Fig. 3.3

R
o || R O3

y

tn
Flg 3.4 Halfwawe Becriffer iFTWFR) circiil,

A .07 inpet is normally the AL main supply. Nince the valage is 230V, end such a high
virltage cannak e applied 10 the semiconductor dinde, step down transformer shoold be wsed. 1F
large D.C. voltage is required vacuum tibes shoold be used. Curpet voltage is taken across the
Inad resislor B . Since the peak value of A.C. sigral s much largér than "n"T, we niexlect 'ln",r. fort
analysis.

J.2.1 Madiaus oK PRAK CURRENT
The outpar current wavetom for half wave rectification is shown in Fig. 1.4.

1 . .
i=1_ 5ino boowen dZasx

=0 betwsen 2 == 00

2m

—

Fig 1.4 Half wivs raciified owpuy,

=L Sme  a-wl d<a&sn
i=0 TEaLdn
I""ITI1
In = Rr+Ry
By is the forwand resistance of the diode. R is the load resistance

3.2.2 READING QF THC AMMETER

If a .. Ammeter is connescied in the rectifier oolpul circuit, what reading will it indicabe? 15 il
the peak value or willthe necdle oscillete from O to maximum and then 1o (3 and 5o o, or will 0
indpsate average value? The meter is 5o construcied thal it reads the averape value,

Arceof the curvg

Base
For Helf wave reclified outpat, base value 15 2% for ooe oycle,

By definition, average value =
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[|'_',|;'~= £.1I I]ms'"{'dﬂ | cmull:l

I [
Im‘\-= ,ll:[1 ! =]_ =

Upper Tanir is onby 2, becawse he signal s zero oo 10 20, The complets cyele is fpom & e 2.
323 REAMNG OF A0 ARIAETER

An A L. ammcier is eonstructed such thal the negdle deflection indicates the cffoctive or KME
current passm g thecangh it.

CMective or BMS value of an AC. gquantiy is the equivaleal D.C. value which produces the
same heating eMect as the allemating component. 1 some AT current (s pnsged through a
rexistor, during posilive and negalive half cycles, also becaose of the current, the resistar pets
healed, ar theore iz saime equivalent prower dissipation. What is the value of ThC. which produces
the same heating effecs as the A.C quantiy? The magnioide of this equivalent T T is callod the
RMS ar Effective Value of A. lf."

232
g e |l 2T 2
— ! (lpSinefda - T | Sin“e.du
II'II'H. 1.2 f Iu I i i -
I |I [ [ - Cnslu] . l[u.' 2x \ hmlu ir
421 'R 2 S 120 4 |a
- . 1 IEI
FEMS value of b sipe wave = 7= = ,/— -1
win L

By defmition |

Im""; ln*_
= = Tz =0T [rI1

‘-,.E'U'I L

RME Value

Form Facter = :ﬂ:\-mg: Yalue

| A . A
For a sinc wave, |yvernge = B30 =2 = T jl_lm Sini pdi
b

=

=T

3
<~
rd

Form lacior =

1.1.4 PEak IvwERSE VoL ALY
For the sieeuit showon, the anpat is A C sigeal, MNow during the positve hiadf ovcle, te diode
condiets. The forwird pesistance of the Jiode R will b2 srall.

The voltage acrass the diode » =1 « By

=1, 5ino b=w=a.

'..-=ImFtr.Sir1n'. 0 = ex = m|,
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, | e
AC1 i -
“pm_v_hi\_\_//—" ol ':f” !| : "'f) ’%Z[

i
Flg 3.5 Fip &6 Half Wave Rectifier Circos

Simce Bpissmall, 1he voltage acress the diode ¥ during positive half eycle will be small, and
the wavelarm is as shawn. But dumn g the negacve half orele, the diode will ot condocl. Therefore,
the curcen i throngh the eaccuit 15 2erm, S0 che vakiage across e diode rs nol sero but the volsgs
of the secondary ot the dransformer V. will appear across fhe dipde { - effectively the diode s
acrozs Lthe secondery of the vansfammar.)

=¥ Sinn meo sl

The wavefarm acroess the diade 15 Fig 3.7,

v
IR, miii

_,_l—'_‘-..‘-_

l[\7 —_r

T vl

Fig 1.7 Foliage Waveform acrass the Dimde

]

%0 e DO Voltage than i read by a (0O, Yolimeter is the average value.

1Ir'.[[| R, Sinn de e |Nonline dn.
Ve = E-I’.I w . Sinn +i i r:._:
|
= p (2R - 2HAR, R Y
I""IIHI = [uI {RI ’ R.l__}
' =1 I"11
Vi r —t RS A

If we connecl a CHOY across the diode, 1hes 15 the waveform Hat we see 13 as shown in
Fig. 3.8. 5o m the above circoits the diede is being subjecied to a maximum voltage of ¥
N oveurs when the disde 15 no conducting. Henee il is called the Peak Inverse Foftage { BTV )
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115 REGULATION

The variation of D.C outpol voliagge 25 2 function ol 120 boad current js called 'regularion”

) ) 1"'I"'-li:-L;:J-:l-:l"-."-.’.'-|1a|.g|: = Yul Load
b Repubation - v
Full Load

A LIIET

Foran ideal power supply output voliage is indepepdeni ofthe boad ar the utpad i vallage
remaing constant esen iFthe load corrent varie s, hke in Zener dwode near breakdosn. Theraforg,
tegulsifon &5 rere or it shewld fe low for @ given circiir.

EXFRESSICM FOR "'"Dr. THE TPl T I VOLTAGE

For half wave rectifier circuit (Fig. 3.8), I~ the average value »s -

; - L zni.dn + ]T.-.
i T
<T q P
4
" n 2x
1 * _ I — L
T ik J-|m sin ce.dn = T Fig &8 HWWE current vwtpt
C
r
e =% SO B .
Vo :
But Iy = ) R, = Load Resistance
FrhL
B, = Forward Resistanee of the Thode,
Voo = e Ry,
- V,ix
BE R +Ry
Y,
But 1 n
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Adding gnd Subtragiing R,

o ¥mdR Ry Ry oy VR

o - ﬂ.Rf*HL.:' T Th 1'[|I.Rj.+“:l‘i
¥m

rDC ='HiH.r+RL|

15 15 dewermined by B, . Hence ¥, depends wpon R .

¥Ym

w K e [ 13
I

¥ i o

'y
This expression indicutes that ¥, is _r:L ol ra foad ar when the dead current is xero, and

in decscages with increase in e hinearly stnce Ry is more or bess consant fora gives disde, The
larger the value of B, the greeter is the decrease in vy, . with [pe- But the serics resistance of
e secondary windine ol the ransformer B , should -EI.|:-|L'I'L|Jt L-UI]".".-I-EI:I

Foragiven circuit of alf wawve rectifi er. ifa graph is photted between V- and I, the slope
ol the curve gives [ K+ R} where R, is the forward resisiance of diode and R, the series
resistance of secondacy of rransformer.

ReEv1AaTion For HWH

The regtlation indicalgs oo e CHC waltage varies as a Fancticn of T 1oad current, In generai,
ihc pereentage of regulation for ideal power supnly s 2eme. The percentape of regulation is defined as

W W
% Regulation= —' —F « 100
".-'H
M e Koo (i,
. Y.,
Yoo T - B
Vi = — and ¥, - bne- By
l"ll.m I"IIﬂI
el e R
Y Repulation = =y —- — ¥ 100
B N ]
T e r
S |
=y L“a] R R S U
re- Py " e ] -
1 , r v,
- . . .
Vi W {Hr__HL} | 5 u|. " MR+ Ry}
I I'llllr. r'tr

24
Fﬁegulalinn = il_l_ = 140
L
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Suppose for a given rectifier cirgwit, the specifications are [5% und 190 mA, 1e., the no load
vohtage is [ 5% and miuws loud current thut can be drawn s 100 mA. Ifthe valuc of [ B+ R p=250
then the perceniage regulatiom nf the circuit is -

Me Load Yoltage = 123

Chop acioss Diode =1 { B+ R, )

R, — Transformer Secondiry Resistance

M. Voltage with load - [5% -0 1, = ( Ry + L1 )
~1% 100 mA =250
=5 15woliz=1235Y

15 124 24
s ¢ =TT

Fereentage Kegulalion = A 10 ~ 0%,

N BirrLE FaiTDR

The purpose of 4 rectifier arcwil s e converd A o 0T, Bol the simphke ciroun shown before
will not sechieve this. Rectifier converts A C. o unidirscticnal Qow wnd not DAC. 5 Blers ans
wsed to get pore [LC. Filters convent unidirecrional flow into 1.0 Ripple factor is 2 measure of
the Fluctuating companents presenl inrectifier ciregils.

RMS Value of alternating comprnents of 1he wavefom
Avermpe Vilue of the wavelorm

Ripple factar, ¥ =

v — lrws _ s
' | b
D (L1
l:ma and vr'ms denaste the value of the AT components of the curment and voliage in the

outpul respectively, While determining the ripplc factor of a given rectifier svsoeny cxperimentally,
a voltmeter nr amimeter which can respond o high freqencies { greater than power supply frequency
20 He ) shoold e wsed and ocapasitor should be canmeeted in senies with Lhe inpul meter in order
2 Dlexck che OWC, component. Rippte Facnor sheuld be small. § Toal cumenti— 1 Sin et averding,
ta Fonrier Seres, vuly AL 15 som of D0C, and harmonies b

W' shakl now derive the expressien for the ripple factor. The instankaneous cement 18 grven
by e =i =y

i % the total current. Tnoa halt wave cectifier, some DUC components are also present.
EHenee A.C componsnt is.

i* ==l LA Total gurrenk — 101 ]

{1
RBAS valwe s 17, - ,|I|||-1—lr-[ fli Mg ¥de

nik;
H
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|;‘“ = 'ul—z— .Illl'2 =y Ih._ ?}Ul'.l
| '
Maw. e _[l:'l:lcr = Square ol (he ms vatue of a sine wave by delinitio.
n
I}
- I:IHHSF
| &m
e ‘{]I.dﬂ‘. = The wverupe value or DUC value L,

Iy - 15 conkgtant. S0 tikinge s werm outside,

The s ripple currenat is

A
o .o

I 1{ A
Kippic factor, F= —= = Dlmest T ar
| 4 I

bl

I,r[
= = ) e L34
) 0

This s imdependent of the curment wasveshops and is nod restricted o & half wave configuration.
INa capactior is wsed w block DC. and then 1 or Vs iedsured,

|
Thl:n, v ].uu-: ‘Ii“'!
P -~ R
|f ﬂ‘h‘l'l. |lIr \"'I. -\I". ."ll(“h‘l"l
.. * = ,'] o | i L—n | T Im g
. s N lane T Low”
and Ly = Biblocked by Capatitur] oulput wavelorm
Far Hall Ware Rectifier Circuin [ HWE 1
1= sinu
| =1..= i |, sinmdz = 2w
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ul [ toin’ [whde = m

]
e

"'.-'m
—_ _ . l = 1 bl
by ¥ e . Fzak Inverse Woltage [ F[V 1 — W

. EM5 value ol rlppl: current
Ripple Factur *

_ Il'lT!lE
#'-Er-ﬁgc'-aluu.ﬂfthecuurcnt Ine-
Total ¢ urrent L = [y 1 Dirippled
U{ripplel= (1 - I}
I 1!'[ - I B
R : | ! ¥
It = ‘n."’mgul‘l_lm'] de = ‘l{ﬂ El '~ 21150 + 1
. -
=y llimed -2’ +ipe?
Irrns_ 1‘II[,EI'I'I.'I5:| _J[)l:ll
'hll
= Ilnnl"i' = ]I'I'l'l'.'i- | —l
U ne T
oo v D
for Half Wave Rectif] " TLL I{ﬂ)]_; 120
aT ave Rectifigr, -1 - f=1-1-
Tyl s, Wz
3.1.7 Ratio oF RECTIFICATION {11} ¢ Foe:
AL
_ N O powwet delivered to the load
Ratic of Rectifcation = AC input power from transfer secondary
Fop = 5= R

:
But Iy tor HWR = —=

" tn z
o fe
P, 15 whata Wattimeter would indicate if placed in the HWR circuil with its voktage terminal
connected across the secondary of the trapsfomuer
From m — 2n the dinde is not eonducting. Hence |
Pn: = 1.]r:1'|s':II I:.R'f r .H:'I:I
{} from x - Inihe AC iz not being converted o DUC. Sothos power iz wastad, as heat acposs
diesdes and [rnsformer.

o =
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m - 2 ) portion of ACT iz = 1II| _{l sin’ ado =

.[ﬂ'l'lli.{

by fOr HWR is |2 Diwring negative hulf cvele, diode is mot conducting and caerent |in
the Wop s zem even though Yaltage W is present.
[I W3 ] [ '.II!
Pm | 3] ReRY- |2 xR

P 2R, x4 4
o "!'3—'“-—3—':}.4045
F.- 2, <K T

Fatio of rectificaliog far HYW'R = 0,408

(1]=11].1
Consulennp wdeal diede . 10 we consider B alse, the expression = —R
1—[—L |
Ry |
The & input power 5 01 cobverted to OGC. Only pant of i1 @ converted fo 1D C and i3
dissipated i the lad. The balunce of power s alvo dissipated in the load itsell as AT power. We
have tn consider the ratine of the serondary of the transformer. Inomatio of rectification we have

considered only the A L7 autpat ag the secondary of the trangtormier,
328 TRANSFORMER GTILIZATION Far TOR

D power deliverad 1o the load
AC ranng of 1Rssfonter secondary

Teansformer Utilization Facter {TUF)

P
Py rned
This term TLIF is nat ratio of Tect ification. Because all the raned corrent of the secondary s
ool being drawn by the circuit.

; Z
1
F=13R—i1.ﬂ

Hi |, I L

Lo
I-I'I1I'. = 1“‘ . [I'I'I'I'i
En_ .
Vo= 5= = Rated voltage of (Secondany Iranglormen)
]
Toms = [
P U IFT|15.
Bur V=1 fR§+Fr.:_|~I R, [ Epassmall }

2 fmBe Im _ 2-..1

TUF= xR o =

Trapsfnrmer 1kilization Factor for Halt Wawe Rechfier is 0287

=287
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3.2.9 DNsADvANTALES OF Halr Wave BECTIAER

1. High Ripple Faoior {1.211) 2. Loweatio of recliticatinn {0.406)
3. LowTUF{0.287) 4, D saturadion of transformer.
For half wave configyratinn,
[ e I
L P .
— |5 sin“nedr = —=
e = 35 e :

Brecause duning negative all cyle il diode will rot comdwet Ticies i = 0w the loop from

% - 2. Suointegration s frem 0w eoly. Even thwough % s preseot, 1 — 0 for one [alf oyele,
Therefore, Power iscera { W w1~ P =0, since. 1 =10

17 I I ]

= — ! smodiz = 2 . T N [T

Im 2" IJ m Eﬂ | I.,.I\.C'IS I:l:l[l zn |I + 1|

"
. } - . N | I /2 =
[ipple Factor for Halt Wave Hectification —&= = ™ =
]L':q'_' Tlll'lll 1
R
JUETE - =101
n
- - .57
2
vl

Sotlwe n|:||:r|¢ valtiae exceeds 00 volape, | lence HWR s o poor circuit for converting AC o DC.
2.1.10  FOWER SUPFLY SPECIFICATIONS
The inpul chamelensics which inust be specified Tor a power supply are

L. The reguiced autprn) 0.0 voltage I, Regulatian

A, Averoge and peok cprremts mosach diodde 3 Peak deverse vadbage ¢ PIV )
5. Rippfe fociar

3.5 FULL WAYFE RF{TIFIER [ FWR )

Sinrce IalMwiave rectilier cirouwil has poor cipple fisctor, For ripple voluagee is preater than DC voltagee,
it canmd bt wsed. So now analye a full wave reciifier circuit.

The eipeunl 15 45 shown im Fig 3.3,

f b

LA ok e
'1 B 'Ejj.‘—lri1

Warve lorms FWER Circuit
Fip 1.9
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During the +ve half cxcle, 13, conducts and the current through 1, {5 zero
Paering 1he — ve half cyele, 13, condyces and the current thraugh Ly is zere
A centre tapped transformer s used.
The wtad currgnt | lows thegugh e fead rezistre By and the autpur voltage ¥, is taken
across R,
L _'-'IJ . i
For half wave rechilier, cireait, [y = 52 J mEIAOdL =
Fa] 0 x
Fur full wave reclifier, vinewit. [n,. — Twice than uf half waye reclifier cireuil
by = 21/
I L3
!

For half ifier ciceuit 1~ |lelzsin1:u.1|1 —in
‘or balf wavs rectifier cicuit, | o lm -5

ol |

I .3
For full wave reculier circwt, ||~ 1{2 K_Ei'[ F[zn sin” deder
o

| |
[ m _ -
Irr|15_ "l'l * 2 - *'Ill_
| = 1"Il|||
Mmoo Hr+H_L

K is the forward resistance of each diode.

A gentre tapped dransformer iz egsential te get full wave rectification. Sothere is & phase shifi
of 1807, pecause of cendre tapping. S0 [Jl iz forward hiased during the input eyele af 0 to x, I, is
forward hiased duning the pennd mto 2u 5|:n|:|: the input ta O}, has a phase shifeof 1807 comp to
the inpui to . 5o poutive half cycle for Dy, stuns a1 s I’uJF wayre reclfier cincuiy, while the D.C,
currend slarls thmug]'. the boad resistance R, 15 twive thut of the Holl Wave Rectifuer Citeuit,

Therefore, for Half Wave Rectitier Circuir, Y
L1
L
b= T
Fuor Full Wave Recnifier Cirguin,
_ 2,
e ™ 72

] T — 0 jl

Hence, Ripple Factor isimproved.

3.3.1 RarrLE FAtTOR Fig 3.16 FIR voltage oupat

r Iy /w1 A
_rms _ 11} — —
= = = —= = N
IW 1]"| VT I".IE I
T TE
Il = | 3 i a = i_|_rl‘-$ __Ix-
ms u ['".I.q_ - Ir:ﬂ 1 I = IE":

Therefore. 7~ 1.21 for HWER, aned 1113 15 00,482 for FWR.
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3352 Bevueanon vog FWR

The: regulation indicares how D.C voliage varics as & function of kead curmeny. The percentape of

regulution is defined as

% Regulation =

M~ Ve g

1""r|..

The variation of [M voltage ag a tuncrion of load catrent 52 a3 follows

Voo ~loc By

n, e Ve ]
T x T Rr'RL_I
- ﬂm.__.HL ] a— m
R r Ry} T R+ R,
L PO

oo R, +R,

2 2V

_ v,
UDI.'_ n ‘fr:-{' l-'t‘l'
.vlll
VM_— T
%o Kegulaticn

= 100

[
* Repulmiion - R
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2.2.F RaTio OF RECTIFICATION
114 powerdeliveredin) oad
At pawer from ransformerseoondany

Ppe = lgc» B for FWR,

21 417
by = — % = —F-K,
b ft=

F, - iz what a Wattmeter would indicate if placed in the FWFE, Circydr with its voltage larminals
l:unni:clcg gcross the transtormer sevondary.

L
P~ ¥ (Rp+R k1 far FWR ~ =

-

W
i
[TTH |
= -—= {R +R . ]
. -..|r2 . I |
l 2
S-(Re+R
If we assime that R, is the foreand regiztance of the diode is very small, compared o R
Re R 2R
11
Prc = 354K

§1 'R, «2 R
Ratio of Recnbcation = Poc - =t u =— =042
P 81, =R, ®
For HWE. 1L is 0408, Thereiore, for FWER the mtio of mohificalion is twice that ol HWE,
3.3.4 TransFrimaEer LFre i zanon Faomk @ TLF

In fullwave rectifier Using center-tappeed {transformer, the secondary current fiows throogh each
half separalely inevery half cyele. While the primary of transformer carmies current conbnuoushy.
Hence TUF is calculated for pimary and secondary windings separately and then e averagpe
11.F 15 determined .

__ DC power delevered 1o {oed
Secundary TUF « === rating of franstormer sécondany

ra w3
: ' ""J R,
() B L ox
vrln:]rm ?}H.!.IL
422
=.11,§3.c R 81
o R4 R 27 R
R].

if Re=< B, then secondary TUF = 0A[2
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The primary of the frams foemer m feeding tewa BWR 'S separately, These Two HWE™s work
independent Iy of cach other but feed a comminn [gad. Therelore,

0287
-|+Rr__

TLIF for primary =2 = TUF af FIWE =2 =

l.
i Rp==2 B then TUIF far primans = 0,574
The awverage TUF for FWER vsing center 1apped transfaemer

_ YUF otprimiry - TUF of sconndacy — OBEE + 00574

. =11 691

Therclare, the transfarmer is afilized 69.3% in EWR using ecpier tapped iransformer.
3.3, 5 Peak [NveERSE VOLTAGE { FIV ) For Bl WavE RECTIFIER

With relerence 10 the FWER cirowt, during the -ve Walf cycle. D s nol eondusting and T, is
conducting. Hence mwas imum voltage aoross HI. ig ".‘m, since vnltage is alzn prcsent betwecn A
and 11 of the transformer. the tolal valtage across hy =%+ W =2% [ Fig 19

438 DO, BarlVRaTii

a PWR, 1he DO cuments T, and 1, flowing throwgh the diodes D) and Oy are in opposice
dicgstion znd hence cancel sach other. S0 there is o prochlem of T30 coment Aowing: thraoeh the
core of the rrams fonmer and Caesing sanmcation of the magnenc Mox o the eom.

PIY i=2 W foreach dicde im FWE cireyil becanse, when 13 is condocting, the drnp B ross
it is zern. Vipltage delivered Ry is V. My is acmoss B []ltrlng the sume half cycle, [, s nat
conducting. Therelore, peak w:llsg«:ul,ruw sV from the secund hallCof te transf-;:urrner The
aral voltage across D, i ¥+ V=2V

3.4 LBRIDGE RECTIFIERS

The circuit is skowm tn Fig. 311, During the pesitive hall cycle. D) and D, are forward braged,
Dy and T re open. 3o corrent will Now theough By fiest and then thrnugh R, and then throogh
T3, hack 1n 1hc pround. During the —ve halfoyele Iy and D ame forsrarnd I:Ilﬁttfﬂ.lllj they crnduct,
Tﬁ: cument Mows from [ threugh By o Dy Hense the dircetion of current is the same. So we
got lull wave rectified output.
In Bridge rectifier circuit, thers is nog need for cenue tapped ansfurmer. 5o Uee tramsfommer
secondary line to line vyoellage showeld be ong half of that, osed for the FWER cimecnit, employing
twn disdes,

T AW
AC input % ”E A
' " P,

Fig $.1f Bridpe rectiffer circw,

Lo E
(1 T




Recrificrs, Fiiters and Repuluatiors 151

.'l'lllll
where Im = .F:5_+1R.F + R_‘_
ay
Yoo T TI_‘"I ~lwlRe T 2R

E
R, = Forward Besistance of {1 Thede
B, ~ Lovad Resisrance.
R should be used sipce o diodes ingeries are conducting at the same (ime. The ripphe
factor and ratiwo of sectification Are the same 25 1o Foll Wiase Reabitfer

Resistance of Transfoomer Secondary,

Jd4. 1 AasTAGES oF DR1DGE RECTIFIER
V. The powt emeekse volies SFIV) gevone eoch diode oo ¥ amd pot 2V ac e the
coavt of FHER Hence Mhe Valtape rating of the diadns con ha lesr
Z. Llentre lappad rcnsforfier L Hot Rkt
3, There is wa D6" urevend fowing theough the rromaformer ginca theve i5 o
contre gl o e reduek path i i e gl See B Sreon s frorete el st ion
Jfacrr 1y fugh

Ja.2 TNEARYANTAGES

1. Fonr drades ore fo be yxedd
2. There dx some volfage drop voresy each diooke are 1o oweipar vidtagre will be
slightfe feys compared to FIFR Bur fese fanears ave sinoar compered to $Ae
TrrVaR gy
Bridge rectitiers pre avaslable in a packapge with all the 4 deodes inzarparated inoone unil. 1t
will have twe femenzls for A O Iapat apd 1w ferminalz for TIC codput. Selentnm regtiliers are
also available as g puckape.

3.5 COMPARISON OF RECTIFIER CTRCLULTS

HWR FWR Rrdge Recrifier
Cireuit
Peak Lnverse Yoltage L P L
Yim 2vm N
Mo Load Yoltaee —= — -
n b T
Ripple Facior .21 0qR2 {1422
weumibwer of [Hoces Tegquimed I z 4
Ratia of Recttfication i 11306 &2 oBk2
ar
o [ Prower delivercd 1o the load - alz
TUE= AC raunes ol asformen secandary 0.8 633 (AL




152 Eleciranic Devices aod Circuita

3& YOLTAGE DOUBLER CIRCUIT
3.6.1 Harr WAavE VOLTAGE DovELER CIRCUINT

The circuit ia shawn in Fig. 3.12 and the wave forme are shown it Fig 3,13 During the +ve half
eyche, O is forward bigged. 5o O gets charged to V. During the —we halt cvcle, T is reverse
brased and the PIV atross il V. Therefore, the tatal voltage during —ve halFovele ¥ across O
+¥m of —ve hall cycle =3V Ko, T); iz forward biased during the —ve hall eycle and {5 pets
charged 1o 2% __ This is the no-load voltage. "Lhe actual voltage depends upon the value of B,
conneeted. In A.C. Voklage measurements, the A.C, inpic eg given fa a vohage droubler and filter
cireyits. The output of D.C. meter (2V 0 is propormicral 1o A © Input The meter calibeated i
ferms of the tvins valug af the A C. Inpur.

D 1'.;“

Hl ” -.,I,l-l'-—-—-____l,.ﬂ._____

'
© ¥ oy T.
- 1

Fig 312 Halfwave voltape doubier circall, Fle 3. I3 Quipud waveform

}.0.2 FuLe Wave Youtace DoueLER Circiur

The circwil is shown in Fig, 3,14, Wave forms are shown in Fig, 3 15, During +ve haft eycle, [
conducts ) gals chavged o V| Duoing  ve kall cvele, Gy churges through Dy and 0V R s
fcross the senes combination of ©) and Cy. Therefore, the toral curpun veltage ¥ = 2V Here
the PI¥ ocross each drode iz only ¥V and the cupacitors wre charged directly froe the input and
md O will ot et chareed thmu:.;]'l C, Dwring the time paricd O to 26 we have o cvdles,
Cuerent Nows from o & and w to 27 also. 5o inas PW Yollage Doubler Circwl.

e

Fig 1.04 Fufiwave voltoge doubler circsif. Fig 3.15 Ouniput waveforms,

A7 INDUCTOR FILTER CIRCUITS
FILawms

A power supply must provide ripple frec source of power from an AL line But the outpot of a
rectificr ¢irguil contains ripple componcnts inaddition trea DU term. [ s nocessany t incide a
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Fier berween the rectifier and the Joad i ocder (o elitmnate these npple components. Ropple
compomenils are high Megquéncy AC. Signals in the 0.C output of the recbifier. These are not
desirable, so they must be filtered. Bo filter circuits erc oaed.

Flux lintkages per ampere of ewrrent L = # . The ability of a component to develop indwecd

viltage when abtemating current 15 flawing thraugh the clement is the property of the induckar.
Types of Inductors ars -
L. [ron Coved 2. Ay Corpd

An inductor opposes any change of current in the circuil. 50 any swdden change that might
GCELE i A el without an dnducior are sooothed cnt with the prezaace of an mductor, Tn the
came of AL, thare is change in the magnitude of corrent with time.

Inductor s 4 sherl ciccuit for DC and offers some: impedance for AC. (X = jl} Soitvan
b used az a filter. AC veltage is dropped across the inductors, where ag DT, pagses throogh it
Therefore, A.C ts minmmized in the cutput.

Tnductor filler isused with FWR cirgail Therefore, HWR yives 121% ripple and using filter
circnil for such high nppls factor has no meaming . FWH gives 48% ripple and by using Ner ciecuit
we can improwe it. According to Fourier Anahysis, curment, 1 in HWR Circuit is

= ].II"_+ :'I'E"alnn:ut 1[ E-:‘:-Erd-ul_[
x 1 T 3
20 df A oo d el
Current in the case of FWR jsi - —= -——-cos2uwt - —0————
x s L5m

The reactance offered by indwctor (o kigher order Freguencies like 4ot can be neglected, So
the autput curvent is
Ay 4y

t=— ——— pos 2ot
] In

the Tundarmenial harmmomic o s e limanatsd.
The cireuit for FWR with inductor Filter 15 85 shown im Fig. 3. 16

>
yrws

1 >
Fig 314 Faducior friter circouit

Chee windine of transformer can be woed s L. For simplificatson, diode od choke {indusior)
resistances can be neglected, compared with Ky . The DUC. component of the current is

Impadance due to L and R, in Series [2] = /R, ¥ 4 (2l ¥

For second Harmonee, the Irequemcy s 2or.
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Pt 5 _—
Therefare, 4.C. Component of current |, = v 0 0R) 44’7 5o sebstioning these
values in the expressian, for cumrent,
21 4
= —0- #Cus 2ot
1 - r JI - . .
by inductor to higher order frequencies like daot eic., we ged,
. 2% 4y
i= —"’-—-H-;-u-u—-—lr“ cos {2e -9 )
nk IR, T+ del
where § i3 the anghe by which the load curreol lags behind the valtage and is given by
0 = Tan - ' 200

R
3. 71  RIPFLE FACTOR
¥ = Lo = e b Mo = 2 M By
= %_= __ ¥,
2 3gix \ulﬁi + 4’ L2
Ay, = JII-':.L

Ripple factor = = iy
12y RE 1 el 22V,

| &

_ r_x T. e e e e e e e e e e e =
il || 2,7 LA TR
. ek Vel TPV
1|| R] .‘ ; ."ll ll"-_ .-'f
F L == |, then o Y o ."r\ji- |
R, L
R w3 wi™>
Ripple Factor 1= ———— Fig LI7 Rippic Vdrage V
R Bl ¥
. K,
Ripple facter~ —4——1| . (357
A2l

Therefore, for higher values of L, the ripple facior is lowe 1R i5 Targe, fheo also yis high.
Hence inductor lilter should be used whers the vulue of B, ix low. Suppose the outpul wive fonn

fram FWR supply is as shown in Fig. 317, dhen,
vTP-F 15 the neak to poak value of The ripplf voltage. Soppose
Vie~ 300V and Vs 10V,

13 . max g
then W, maximwm = 1 = 3%, Therefroe, ‘|.I'Trm5 = -..E - -u"i = 1.54%

Voms 354
Ripple Factary =~ =20 UEHEER

LS

% ripple = H.E_pplr: factar =100 % =118
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3. 7.1 RE1Lamdm

o 2
Vi g By by for FW Rois —:1 .
= R.J..

2[ 2I|IIII|||
Vi = foptL, Zw
k| I
LR =Y
Therelore, W, . 15 conitant rrespechve of By Bul thes is true if L s ideal. In practice

2
""IIJ-L' - 1-:' —lDr_-.Fl'.l-
where F-lr i= the resistance of dinde.

An inductor stures. magmetic energy when the curment fowine theeugh i iy greater than the
average value and relcages is cnergy when the corent s less than the average value.

Ancther formula that is used for Inductor Filter for
R+ R,

i P

Ripple Factor = . 234 —

where B 15 lowd resistance I is the series resislance of Lhe inductors. This is the sane a3 the

R
ahove formula — L
j-..IIU:H

L

- -
.07

- 0.25%,

Probiem 1.1

A FWE s used fo supply poseet o3 200088 Load, Choke [nduetors of 20 H inductance and
capacitors of |6t are available. Compute the tipple factar using 1. One Inductor Dlter 2. One

capacitor filler ¥_Single L type 1nlter.

Solwtion
i. e Inducror Filler ;
| = I:': d;f cos {2t — § 1 where & - Tan™! [%W
'
e 7R,
1 rif-;ﬂi_ _ R, -1

T = {1.074

;= — . -
¥ e 37w 3nl 44wz

L Caparciter fifter ;
The tipple voltage for a capacitar filter t5 of Tranwulur wave form approximately. The ms
v

d 1Es
nr ——.
XTI N
E i

Em™ 3%

vafua for Triangular wave is
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Suppaosa the discharging of the capacitor will cut one Far one Dl half ¢vcle then the change
last by the capacitor

E
Q== oo e
2t E ame
weslta TE T
oS
E = [D!'_ —»x
I Fig .18 ¥ of Capacitor filler.
l.- 1 1
w= —= -_I.Li._ _ E— = e —- — = {[0
FALUE N E R P [N ) 4 JIx50= =107 x 2000
3. L Trpr foctor ;
Fix I — h.(WIFT
LT IS o
Frobfem 5.2

A dwade whoge iolemal resistance is 20 € 1s to supply poveer ta a 1000 load from a L 10V ({rms)
source of supply. Cakculule (2] The peak load current. (b)) The DT toad cucrent {e) AC Load

Current §d) The DO dersde voltame. {e) The total input power to the cioeait. (1) % reguelation from
Ao Toadd 1o thes given load.

Sofwion
aince only one diade is baing used, itz for HWER Circuit,
(&) 1= hiu .-l]nJ::lﬁ:.smﬁL
m- Rp+R, 1020
I 1315
= S =——c=dRSmA
{k e = 7 .
| 1525
[E]‘ |m“= %-T=?ﬁ.2m.ﬂ..
{d) v o e Rl g sars sy
B - ) Y.
[ P =1__={R+R,]=5.9002
Y
LI | Tm —Inc R,
{hn W regllation = M‘: 0% = -« ee———— = 2 (%
Vo -y
Problem 3.3
Show that the maximum DT output power P — ¥y |- 1 2 hall wave single phase circuil

occurs when the |oad resistance equals the dinde resistance B



Rectiflers, Fillers and Regilators 157

P = [L2R = _..1"_m_F‘_1.
(B nc | I {H‘F 1 F"J_.]
I|Il'r1'|:'| I"l'l '|-
when Ry 16 very large, ¥y = 'DL'H_L R,

dpye
o Py o be maximum, o =0
b

le l" {RI_ + RHF - {R'__;__ +R Llﬂ,_
0T 11-1 l'-. |:_F'. + RL ]1-
R +RL= ERLWRL= RF-
Thersfors, PDC"-T maxzimam wken Ry 5 equal fg Re
Problem J.4

A TmaA meter whose resistance is 102 i3 calibrated o resd mms voldis when used in a bidge circuit
with seiconductor diodes, The effective resistance of ewch elemeant may be considensd (o be
Zzre in the foreard discetion and =« 0 the reverse direction. The sinusoidal input voltage is
applicd in seres with a 5 - KA} ressstance. What 2 the full acale reading of this meter?

Sofwion

alh

A

21
Loy = “'1 for bridge rectifier cincwi.

v
1= ﬁ“-:
L
1"'lrl = ""Evnu
I i i':"u"m! _
DET gk,
HL= SKALY + Iy 03 = S0k + (D W= 5010402
~
— ?_"‘3 ﬂms
ImaA x ¥ ol
-1
v o el madI0
e &2

34 CAFACITOR FILTER

Hepe X shonld be smaller than R, . Begawss, current shoukd pass through C and C should get
ch . IFC value is very 5ma|]I,' X, will be large and hence current flows throwgh R otly
(Fig. 319} and ne filtering action takes place. During +ve half cyele tor a H W R cireyit, with C
filier, £ gets charged when the diode is conducting and gets dihch.a.rgm:l {when the diode 5 not
conducting) through B, When the mpul vollape £ = E  Sin at 15 greater then the capacitor
voltage, © gets charged, When the inpu voltage is loss than that ol the capagitor vinltage, C will
diseharged thraugh B . The stored energy in the capacilar maintains the load vollage a1 4 high
value [ur a g pﬁ:rluﬂ The duxde conducts anly Tar a et misrval nﬂngh current, The waveliorms
ar¢ a5 shown in Fig, 3.20. Capacitor oppases sudden Muckations in voltage scross i So the
ripple voktige 15 minimised.
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4+ R"%a. ‘TJ?C

AL
It L

Fig 3. 1% FWR Circait with C filler:

vﬂ-

B b, wt >
Fig L3 Outpat of capacitor filter circuit

50 the voltage acrass K is mone or l2gs constant and hence ripple is reduced, 28 shown in
the graph, the voltage W iz closer to [A7 wane Koren. At B (7 gets charged and at B, (7 stans
disc harging.

The point at which dicde starts conducting amd £ gets charged i9 knawn &5 ewt in poiot 8.
The point at which the dinde stops conducting or the capaciior gets discharged i3 known as
UOwr £l Prrist t,

Cowill aot stan charging at € n15elf. Therefore, even fouh the secund diode 13 forward
buased, g, 1= almost =¥ . So the bicst dinde conducts from & w §, and the second dicde
eofiducts frovint+ 8 o - 0, Diede conduatz only for a shod of time when inpul current 1= high
and charges C to the peak voltage.

Consulering ane dinde, ip =i 1 { Fig- 319

RN L
=T T
[
R= E‘ where e i3 the veltzge 1o which ¢ gets charged.

= |

- d:i -
'“-C'I
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Bur .= S
Therefore, at thal pornt. diode comducts and © gets charged.
g, — o,

®e v C
3~ Vi S8

Cieneral expressioen for

; ¥ o
by — W W con wt F;LI Fin 1wt O =< wt <0,

Fy

By somc mathernalical manipulation, i can be written ag
g

wrlheTe: 4 = Tan "[wRC}

At an e ingtant B,, when the capacdor fully discharges. ip =1

' T PR T
= fﬁ_‘l+ 0 BT Sindest + i)

@l ¥ ocos By + T‘EIHH‘- =0
o i, = tan b R

Thuws e value of conduciion angle depends o pon the values of B and C, and alsao the valoe
o . 12uring 1he acn conducting inlerval, 1he capasitos duscharges infa the load H supplying load
currenml.
-
The circul equation s —C = == =4

1
.

o CR
AL =1, o = W sin B,
The linal sapressaon for b, | oseemea litle complicated, S0 wsimpliled expression which iz

W '
widely used is W =0 W - Tk L where i the peak to peak ripple wollage. The expression

for Rappic Faclor,

po e RTIE -B
T W 2wk
wherg 11, - 1}, ] is the angle nt' coaduction Be. For large RO [ epical value LOD), @, = 14.6%
The larper the value of R, the smaller the v.

3 X1 HipME Farmoe FORC FILTER

Tncially, the capacitur charges to the peak valee v when the diode 1Y) 15 conducting. Wlien the
capacitor voltage is cgual to the inpot voltage, the diods 510ps conducting or the current through
the diede 12, 15 2ern, Mow the capacitor stanls discharging thraugh B depending upnn the finc
constant UK . Thercfore, B vadue is large. Hate of chirging is different from e of dischanging.
Wlen the '-'-;}ll.tilge across the capacmor falls below the jnpur valiage and when the dicde I, s
forward baged, the capaciior will agam charge to the peak value ¥'m and the curmrend throogh -
bevomes cera wlhen V= . Thus the diodes DY and Ly conduct for a very shor pesiod B 6 8,
and 7~ 8, to m + 8, espectively ( Fie 3 21 )
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. s I]
:

III'... f."lll [ I'E-‘{-JI.IE"llr'IL'l
3 L Aelutirg
\ ;'F t’"ig
x \

a ].T —3 1l

r
[
[l

:
ij::_ b e
-
N
e

Fig 3.21 Cipa wavefarms o' a capacitor filvar.

T, = Time period of the discharging of the copacitor
T =Time period of e < harenge of the capagivor

The urnownt of churge lost by the capacitor when it is discharging — 1. T, Decawse. |
15 the average value of the capacitor dizcharge carranr Tlhis charge is r-eplla-::-e-:i Juring a s.h.nrl
mierul T dunng which the yoltape acrose the capacior changes by an amaen = peak to peak

v ltmge urlhl.: npple % Ip—p-
L S
(}charge = "."F Px:{_'
£} chargr = (3 Discharge.
¥oppt U = e w T

D T,
ur =S
The ontpul wivefumm can by wssumed W be a triangular wave T, == T (T 1T - T2
wehen the diode is conduceing (0 . i'T + T, corresponds to one hatf crele),

i lpw =1 . I . I
¥ipp- [_I:f‘ . =F- for the triangulas wave. form factor = ﬁ
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Rinule Fac _ ."'Inu-. = r-I
Therelore. Ripple fuctor may b degroasend b increasing Cowr R, urboh

Exprexxion for ¥

- ¥
L. iy I 4
0T R

Vo=V - B X O

m~ TR,

|+

=V
“'Il-ﬂ-' L Ii'ﬂ:ﬁl J Ir

[4mc“
14 4R

ar

¥ (.

3% LC FILTER

lm @ inductar Gilier, npple decrewses with mcrease in K. . Ina capacitor filter, ripple ingreases
willh increase in B . A combinulion of these two inlo 2 choke inpar or L-Section Fifter shoold
thizn mahe the :rl]:lplfn independent of load resistance.

I0L is smeall, thee capacitor will be charged 1o W, the dindes will he ent offallnwing a short
pulse of cument. A= 1. 05 incrcases, the pulses of cument 2re smacthed and made to flow for 3
larger perind, bt at reduced amplitode. Pt for a critical velue of inductance l... cither ome dinde
orthe ather will be always conducting, with the resuli dhat the input voltage ¥ and [ o the filler are
full wave rectified sine waves,

The graph of TR outpat voltags for LO Filter i3 a5 sl i Fig, 3,72

2%

Vi = T '

e T )

fior Full Wave RectfierCircnit. ¢onsidering wdeal elemcnis, b o

conduction angle is increased when induector is placed V| . -

because there iv some drop across 1. 50 C cannot charge

ta ¥_. Therefore, the dinde will be forward brased fora
langer penod,

The ripple circait which passes through 1. is not I, —
alloved Lo develop mach ripphe voltage aeross Ry, if X_at Fig .22 LC filter characterisfic.
ripple frequency is small compared 1o KB, Bccaus: the
currer will pass through C only, Sinee X is small and Capacitor will get charged to w constlant
voltage. S0V, across Ry will notvary or rippla will nivt he there, %inze for a praperly designed CC
Fileec

—

H.‘ e R‘L
ard K =X, atw =
X should be greater than X becaose, all the AC should be dropped acrass X itseff so that
AC Woitagr acroxs C 15 nif amd hence ripple is low



141 Electronic Devices and Circuiis

A%t RrrLeE FacTor IN LC FILTER
AC Component of current thromgh L is determined by X
X~ 2ol
RMS value of ripple current for Full Wave Recrifier with L Filter is,

, 4%
I'ems = —p—— = HMS Valoc of Ripple Current for L Fiker
Iny2X,
- 2¥,
I rims = WIX, .
1 'UII-II"'rDC

I rms = m e T X,
Thetz eipple veltage in the vatput s developed by the dpple current Flowing through X-,

. %32 :-:,_.
Yims=1'ms, X.= —— Vi
vy X,
. W' s
Ripple factor = —
1'!:“:
_ '."E.J":,L_
T Ty,

X = 2l since ripple 15 taing considered ai 8 frequency. taice the line frequency.
_BxIxIN
LC

13 =6l Hz,

3.9.2 BLREDER AFSISTANLCE

For the LL Filtar, the graph between 1p.~ and V- 15 45 shown i Fig. 3.23 For |ight loads, ie.,
when the load cumrent 15 small, the capacitor gels charged o the peak value and so the no load
voltage is 2V /1 As the load resisiane is decreased, I~ increrses 50 the drop across pther
ciements ¥, diedes and choke increases and so the average voltape stmoss the capacivor will be
bess than the peak value o2V /8. The oulpul voltage emaing constant beyond a cermaim pomt I
and 50 the regulation will be good. The veltage V- remaing constant even if Ip,- increases,
because, the cupacibor geis charged every ime tt 2 valoe just below the peakc voltage, sven thowsh
The drop acriss diode did chobe increuses. So for cureots abuve L, the Diher 3013 niore Tike an
inductos filter than C filer and 50 the regulation iz gond. Theretode, for 107 filters, the load is chosen
such that, the [~ 2 |- The chmesponding resistance is known s Bieeder Resistance [ Ry ). S0
Blaeder Rasislance m]?-.: vilue for which [~ = [ and good regulation is obtained, and ucLion
angle iz 160Y, When B, = Ry, the conduction angle = 180", and the curreni is continunus. So just
a5 we have determined the critical inductence L, when B, - Ry, the Bleader Resistance,
Ip- = the negative peak of the second harmaonie ferm,
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IN

e
! B ll'll.'.'

Fig 12T LC filver characteristic,
ri'

ID‘C= - m
R
FLVI
I k= —2% —.
PR = T xL
AURPLY

I
KRy Im E

3.4
Rg= P
I~ should be equal W or preater than [ peak, since, X, determines the peak value of b2

ripple companent. 10X, i Jarge I' peak can be < I~ and 3o the ripple is negligible of pure D.C s
obtantied. where X, - 2wl corresponding e the second hammome. Therefors, R should be al least
equal (o this valus of Ky, the Bleeder Resistor.
.93 SWINGING CHOKE
The value of the inducTunce in the LC circuits should be = L, the minimuom vabue so Lhal conduction
ample of the dicdes s 107 and ripple is raduced. Bui if the Current [y 1 lacge. then the inductance
Tor air cored imductors as L =BT (MTux hnkages perampens ol cartent), as Dicreases, Bdecreases
and may become below the critical inducranee value I, Therefooe, Iron Goted inductors or
chokes are chasen for Blters such thar the value of L varies within cerain Timits and when | is
bamge, thi vore salurates, and e inductancs valee will ool be < Lo Sech cholkes, whoss inductange
varies wilth current within permissitle limits, are called Swinging Choftes { In general for imduciors
&'l remains conswnt so than Loas cunstant for any vodug of curnrent [ This can be avoaded by
chooging very farge value of L 50 that, even if current is large, Inductance is large enough = Lo But
thig increases the cost of the choke. Therelare, swinging choke are used.

L. 2R /3

By = Load Resistance

Ly-= Cnitical Inductante:

w = 2al

At no load B, = e Therefiors, 1, should be o which is not pessible. Therefore, Bleeder

Resistance of value = 31X, ¢ 2 is connected in parallel with R, 50 that even when R s o, the
vonduction angle is | 80% for each divde,

K is Mleader Kesistanoe.
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The inductamee of an 1ron - cored indue tor depends opon the DOC Cement Mowing through
i, L i high an low corcents and low b high corcents. Thus s Lovacees er swings within certain
limits. Thiy 15 known as Swinging Choke.
Typical valoes are
L- 30 Henoysatl = 20mA and
L-4Hearysat] — 100ma.

Proflem 3.3

Nesign & full wave rectifier with an LC filter {single section) to provide 3 DC al 1000 with a
maximurm ripple of 2%. Line frequency £ - a0 112,

Serledivn

m]'.t._ﬁﬁl I EE
PRle faele v = e "o T e M

037
opz= 28 e 8 = 41.5p
Lo 0.2
|... r
R = Moc Y oo

LS g 1l
K, Ry
LC":n TE

R’
Bun L shauld be 25% larger. . for £ =6l Hzthe value of 1L should be 2 {H:ILD'

B )
LT =~ w0 000 1.1 Hzary.

al.5
ML =118, ien C= L =41 3pf. Tlas 15 high vilue

M= FH then =415 pf,

[T the senes resigtanee oF 1 s assomed (o be 30 02, the drop aeross L s
Inp = =11 =30 = 5Y,

Transformer Raving
¥ =9 +3% = [d¥

_]'[ 9+ 5y=27
-ll.r =2

1

mhs walee s = — 159
3

Therefore, & 15.5 - 8 =155 %, H)0dmA fransformer is pequired. PIV of the diodes is EVm
Because it is FWH Circuit.
Py = d4V
8o, diodes with 44V, [ Ml A ratanes are negquived,
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LG5

Probfemr 38

In o FWHR with  filter cirewat, ¥ p-p = (L.%v and the maximwn voltage is 8.8 volts {Fig, 3.24 ),

R, = 10052 and = [ 030 wf. Power line requeney = & Hz, Determi
vulpul vultoge rom the graph amd connpare sith caleolaed values.
Kodevinn
Vo pp = 0BY.
. LB .
Vo= ﬂ; =0231Y
. M P-p_gg D08
Wi = ¥m- o 5 =84 > =84V,
oo B2 3R o 23Em
! Vo B
|
Theoretical values, 5 = —=e——- v
4uHm. T
BEV

xl}xﬁﬂ"]# I'[IU:-CIU"'I'I'EIJJ,T'

ng the Rippie Fagtor and DC

= 0.05Tor 5.75%
HR C

LTI I
Vo= Toamo g T = 848V

LIt CLC IR « FILTER

Inthe LL filter er L sectinn filter, there is some woltage drop acrnas 1.

— ok

Fig 124 For Preblem 3.6,

It this cannal be Eoleraoed

and more 1707 autput voltage ¥, 15 deswred, p Filter or C1C Nilter is to be used. The npple factor

will be the sume as that of L section filer. bur the reglation will be
L section filter with L. and C before which there is 2 capacitor C
impat 0 the L seclion f]I
bo & iriangular wave superimposed over (RO

Maow the awipoe W, 15 the valeage across the input capacitos C

prooc [rean be regarded as a
La, the capacitor filter, The

teris t]ie owlpu! of the capacitor filter C. The output of capac itor fiktar will

legs by the drop aerass LI'

The ripple contained n the output of 'C7 filter is reduced by the L section filer L C,.

T
i

£

Fig 3.2¥ CLC ar w Sectinn Filter
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3181 xSeErTION FILTER WITH o HEestiR REFLACTG THE [NIOCTOR
Consider the cipomt showmn heee. 1t is &« filter with L replaced by R I the resista R is chozen
eyual to the reactarice ol L (the impedance in £2 should be the same), the ripple remins uncheanged.
Vi or & single capacitar filler = { ¥ — [p A0 b 1P vou consider O and R. the aut pu
goross Oy st ¥ — 10,4 L There is some drop across B, Therefore, the net output s
e
mo AR
The Ripple Factor for # sector is
VXX,
S TRoX, e
S0 by this, suving in the cost, weight and spece of the choke are made | But this is practicsl
anly for low current power supplies
Suppose o FWER output current 1= 100 mA and 2 2¢ H choke 15 beine wsed 1n 7 se¢lion Nileer.
If thiz curve is to be raplaced by a resistor, X = R.Taking the ripple frequency as 2= [(H Hz,
X, —wl - 2m(2f)L - 4nfl
=4 =3 [d x50 <20 = 1256/MH72
~ 12 K0
Vohage drop across B = 12,000 = 0.8 = | 200%, which is very large.

v e % R

AL inpel ‘ ‘

Fig 1L.Io FWER Cirenit x Section / TURC Filter.

3.10.2  Exrressms iR RIFFLE FArToOR Fo x Fiures
The utput of the capacilor in the case of o capacitor filar is a Tnangular wave. 50 assuaming the

aufpat Vo aceoss C o be a Trigngular wave, it ¢an be reprezented by Fooricr serics 83

VP-F sirp ol &jpfiat
(Xin et - : 3 = m, o
-

V=V -

But the ripple voliage peak to peak V- pp = % { for A wave )
weglecting 49 and higher harmanic. the rms voliags of the Secend Hamonic Ripple is
"F'I:l—FI__ In,_- - Im“_: =1.I'E[DL.
a2 2yamfc dwlafe Axfe
|

A
di; &
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It is the capucilive réactance comresponding to the second harmaonic.

Ve o= 1-'I3|m-:"5r' Cacross 27 filter only)

-

The ontpat of C filter is the input fur the L section Gler of L,C,. Therelore. as we hive
dene inthe casenf 1.osection Filter,

!
I X
Currenf through the inducior [ bamomc campananl b= \I-f .
L
Citput Yoltage = Cureent ( X1 AV =1X]
NET I 8
W T %, X [ after L osection ¥

Vo W21 X

Ripple Taciur. v Y. Vi X,
V”l:. = II'_T‘:Rl
Ko }. (1\_{1
T B, | X J

where all reactances are caleolated a8 the 2nd harmenic requency = — 23f
CHC outpul voltage ={ The DO voltage for a capacitor filter - { The drop scross Ly ).
FProblem 1.7

idcsign a power supply using a m-fler w give O ootpud of 23% a1 [00mA with a oipphe
lactor no 10 exceed 0.01%, Design of the circunl meihs, we have (e delennine L.C, diades and
trang foenners.

b
v ) H
| C, N

I

. - p, K Y RLé th

Fig 317 Feuk re Peak delechor,

Sedarion
Decign of the circot mezns. we have 1o determine L, C, Digdes and Trans Qrmer
W o 29V 25y -

H1 - [I:l‘:, ) Il:"i. - I MinA s

I '.H:'; ":l.l
Eipple clor 'r'*"z'ﬂl hl_

X, can he chosen o be = .";'.:l.
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1

Y O
- R, X,
This gives 4 relation between Cand L
G o=y
There is no umgue solimlian 10 this,
Assume a reasonable value of L which is commercially evailable and determine the

cofrespanding value of capacitor. Suppose Lis chosen as 10 H ot [0mA wilh a D.C, Resistanse

of 3750 [ of Inductor ).
1II

—>1ual
Fig 3,28 Far Prodlem 1.7,

L]
= I_
or = IIE
CONL
W,
W~ Wi — —F
-t

Now the wransfemmer vobtuge ratings are te be chosen.
The valtage deop across the choke = ¢lhoke resistance = 1n,.= 375 = 100 = [0 =375V,

Yo = 25Y
132
ThereTure, volture acruss the firel capaciter C an the x-Mioer s
Vo= 20+ 305 =615V,
The peak traasformer voltage, (o centre tap is

! b
Vo=(Voa+ 3 (har C filter}

|
— D
T
0i

- .

II""' 625% d s A0 O
'llln'

v ——'T':'Fln"!'

Lo H 1..2

Therefore, @ weansformer with 60 - ¢ -60% 15 chasen . The ratings of the dinds should be,
cuprent of | 25ameA, and voltage = T1Y =2V, =T = 84.8Y - [69.2¥
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Problem 1.8

A Tull wave recniflier wilh LC Nibter is w supply 250 v at [0m.a. D O Dewenmune the ratings of the

needed diades aod transferimer, ke value of the bieeder resistor arl the nipple. il R uf the
thoke = 4001k L= [(H and L. = 20 ak.

Sofurign
Yor
H. = T
L7 1
250
- 22T -3 5000
Re 0l
Forthe choke input cesistor,
1||'r — El"‘Illll
nc= _
ml + hC
Ey
and !Hn*- - IL'I'I'_"
e . R.  x=250 400, .
= — 4+ =} = |+ = J35V
YuT Ty MR T T N e
454
- a1
1l'lrr.|'r|5 = E 31..1'.'1

Therefore, the wransformer should supply 322% rms on each side of the centrg tap, This
includes no alluwance Tur trans former impedance, so that the rans formee should be rated at abow

30 wols 140 mA, P00

ax
The Hleeder Resistance RI:-I = k
L= [(HIL D,
2y 2 455
o= m o ZETE pnases
B 1pml M= 377210
1147 047

Ripple fagtor = = 5
PR P R AxiTIR e 20m 1070
The current racings of each diode = 0004 [ 3. Should be SPmA.

311 MULTIFLE EC FILTERE
Betier filtering ¢am be obiained by using twa or mang L sections 8 shown inthe Fig 1.2%.

i £ = E ﬁ_}l{{f!
Ripplefhciar ¥ = 25y %0,
If we 18ke L-L,~L;
C=0C,=0C, and F= a4 1z
146
N

Inductor valie 1. in Henres and Capacitor valug O pFimicratarads)
o ripple Factor will be much smaller or bemer 1algg ring 15 achreved,
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¥2 Npe oo _

[ = 3 ? (RWES Value af the ripple component of corment. }
RN
Wi NP o

; = S ¥ L

.\J\:H_| Ia * L.l i :’:L_I !

1 l'"in:hlﬁu

: ?{h

The valye of Ili.l showld l;:u: rauch larger than HC!. Theretong, & .U owrrent shoold ged
dropped 2erosa l'_‘:.

A—
__-l—"
B,
Fig 116 Multiple LT fiiter sacfions,
_ '.II.I'I.-H-
I, = "."ﬁzﬁl.l' Xy o and nol T
"'.-'“: I'.' .'-"i-:.': RI. iz im parallei with L.
3 X,. X
= i'le' L _l:-"
3 KL. }"L.
. v ¥, X
Ripple Fctor v - —== = &

VD{. X I. X L

But Lhe actoal value of L. shawtd b 255 moes than this Because of the approximale ly madg
i the secies dsed e represent \

Prabfzm 1.9

A Tull wave rectiticr cireyit with Carype capacitor filer is w supply & [0 Cuoerent of 20w
1a¥, Il frequency is 30 Hz cipple allowed iz 3% Caleylat

ta) Reguired secnndagry vafrege of the fromsformer.
(b} Ratie of f peakT | theugh dindes
(T} Fie valwe nf © mgueired
Solwian
Iy = 30MA Vo = 16V,
Y __ 18

= — = =1l F:, =
R, o S {1.BRLE = RO,
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]
- g =
== TR,

4% 5 ST B0
L | ]

S A TIZ 5005800 4 =2 iR . A= 2000

i =

S3
= - =TIF
B000x3 F
v
Vo withload e -I-—"'I-—- y_-?
TR,
v - 47 CR,
UE mL I+ s CRy,
L,/ CR
Vo.o=y | LR
e '"[1+L1fL'RL]
Voo = 16V al Ipe = 20 méA.

v v [ G050 !
o '“MI—{H:IEJEJ

C 1142 ]
Yo = ¥y l|+||.52

_ [11.52]
15=¥n 12.52

252 ,
V= 16 1T - 1238Y

Probfews 3,10

A hal wave rectifier allows curremt 1o llow from time (, = & /80 1o iy = dwdo, the A.C. Vaoliage
being given by ¥_= 100 Sinwl, Calculate the RMS nnd’Dﬂ' oupuT voltage.

Sewfeyion

1 En-fﬁ-ms_ d
—_— | faL, 1
- o ;r.ffﬁ in m

|
E x Im:a{[—ms{ﬂt]

=2
]

= ClS— + Ci—

[ ]
$'E+ *.E]

[N L

Smeh @[ 5 x]

A

FIR

I

10 . o] _ 30,
E[ eos( LS50 ) + cos{30 J] =7 [

S0y 50w TR
114 314

1 Sai . .
— 1 (100, Sinest) dest = 48.5V,
In 16

-276Y

-
Il

ik
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PFrofilem .11
A full wave rectafier aperating a1 30 Hz iz ga provids DO Currend of 30m A at I with a K0uF
C-nype Filter system used | cateulate

a) ¥ the peak secondary vahage of iransformer.

(b} Ratig of =urge 10 mean cumrents of diodes.

(=) The ripple factor of dee oulpul.

Jodrien

Ve 30V

La) R, = K T iana

= H0iL

Voo v, o

W —"».-m.i 4K, ™t i

S
. = 51173V

— e —
At A Skx B0 x 100 B

(h) Swrge Cuerend through the diode, 1. - surge s
L
KC
I =50 mA
= Lyinde ruean 5 e average or mean current through the dicde

=W 0T = 33025 w2 w i 30 = (-7 =0R/33A

. . 1
diodeswing - 0813 Lo

Id:iud: mean M= m_j

V-
te) R, = = =800
”

1
e ——— 1T

TR
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Problenr 117
Fora F¥wH cacil. the AL Woltage inpur tootransfemer primane = T13Y Transtodmer secondan
vt is S0 K, = 3Lk Determing

1. FPeak 10 compongnr, BAR gadd A0 componenr of g volloge.

I, Pook 1° earanery, RS gned A0 cowpemegpt af fogdd carreat,

Salwinn

Since, the transformer develops 530% between secondan, lenninals, there muost be 25% across
each half of the secondary winding,

The peak value across each half of seeendary i3 25 VI - 354V
Assuming ideal dicdes, the recufied voltage across B also hes a peak valueof 35.4%(V ),
Average valme ¥, for FWER circuil i
At

= T - IB3AY,
T

W —0836= (354 225V
AL Carnponent load sol twpe 1=

N
kJ nnt - | 1..Ill- - 1"'lrl-l_'-
- gt {22 aF ey
W ERT
im . ﬁ= _-E‘._=]4.IA
1 2y, N1.4361 GA3H01.A1) = 0B97T4
= —_— . TR . = e
[~ " ]
I teme) = 4707 1
= A=
-
Ps = ‘.'ﬂm]';"“m:}?
= J17 - (0897
=044 A

312 INTRODUCTHIN TG REGULATORS

"."ui'l:ngc Fh:g-ula.mr Circuas ave elegmanie gireyims which give ¢onatar DO aupur woltBes, irespective
al varialions in Inpue Foltage ¥, cuerent drawn by the Joad 4, frem oatpul terminals. and
Temperereer T Vollage Reg dlatm cargonils aré available in discrere frm using BJTs, Tiodes e and in
I (Indegrated Clircwit] fprm. The ferm voltags regilator iz wsed wiken the auaput delivered s D
voltage. The input can be 20 which is nat cnnstan: and flucioaling. IFthe soput is AC. i is convered
ta DK by Beontier and Filker Circwits and given ta LC. Valtage Bepolator circuit, 1o get constant OC
Gl plat vﬂ-hagl: [ 1he inpul is &0 230 W from mans. and e culper desired s congtam T,
stepdewm feanstormer j5 used and then Rectifier and filler gircuits are used, helone tho electranic
regalatar ciroyil. The block diqgram< are shown in Fig. 3.30and 5 31,
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+

.| , Reguleed
Electron
Unrepulrted _1: Srep Do Feciifgr Tilter T Iu'r-:: B L L
A . Inpm il Trenslarmer ircwid Cirewis ';ii:ll.'uil t Clunput
| Wil g

Fip. 137 Block diggrom of voltops repufaior with A.C iapal

¥ Elcetronia Fr
Ulirfgulu[-ti] y Kepulatin [} W
01 C Linpn I' Creuit ' 1 y

Fig. I} Biock diagram af voitage regulator with D.C inpat

The ferm Foltage Stabilizer 15 used, if the ouput voliage i AC and nod DO, The < lreuns used
tor valtews stabilizers are different. The voltage resulator circu its ame avanlable in U form also, Some
of the commonly osed 1Cs are, i 723, Lo 204, 18 103, CA 085 4

TROA. TR, THOE. TEI12Z, THI3 - Three wrmnal pozinve Yoltage Regulanors

T05, TG, TOIE, 79l 2, 73 5 - Three wnmnal negative Yollape Regulators.

The Voltage Regulator Circuits are wsed lor elecironic systems. etectromic ¢ircuitg, |C
circaitz, ole.

The specificanions od fdead Falues of Faiiege Repalaiors are

Specifleations Ideal Yalues

. Regulalion fS..r.‘J ' 0%

1. [nput Resislance |,’Ri] : v phms
1. Owtpun Resistange fR“] ! 0 ohms

4 lempertore Coelficien {S.I.J : 0 mwioe.
50 Chutpun Yol cage "-’[r ; .

6. Jwpul Current Fangs ffL‘.l ' .

7. Ripple Rejection ; 0%

DHterent types of Yoliage Regulators are

Zener regulator

Shunt regulatar

Berics regulator

Blegaiive voltage regulator

Wiltagme repulator with foldback cuprent limiting
Bywitching regulalors

High Crrrent regulator

SR R W ke =
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3121 ZPNFERVOLTAGE REGULATOR CIRCUIT

A simple cirouit without using eny transisior iz with a zener dinde Yoltage Regulator Circuit
ln the reverse chamactersiic voltage remains conslant imespective of the curent that is flowing
through Zener disde, The voltags in the break down regionm remamns constant. (Fig, 3.32)

Fip. 3.3 Zemer dinde reverse characterisric,

Therefome in this region Uie sener dicdke ¢an be used a5 o vollags repulaws, IF e owput voltage
i5 taken Ber0ss the zener, £vem il the input vollage increascs, the culpud volthge nemains cansiant.
The circuit us shown im Fip. 333

AN =
Tl{ - lL He- [.f L T
¥ Terer % RLw
l Dicede ‘['

Fig. 3.33 Zemer repulater circail.

The input W, is TIC. Zener dinds is reverse hiesed.

If the impul vellage V| itwreases, the curment through B increases, This extra cutrent flows,
throwgh e 2enet dicde and not through B . Therefore zener diode resistance iz much smaller than
R, when it 15 conducting. Therefore L. remains constant and sa ¥, remains constant.

The limitations of TAIs Circnils are

L. The owput volvage remains conslant orly wheat the inpac vobiags is suffichently large 0

that the velage aeress the zener is V.
. There is fimit 1o the maximum current that we can pacss thoough the zener. 1 ¥, is increased
enormously, I, increases and hence breakdown will accur,

3. waltage repulation is mamtained only befween these limits, the minimwm current and the
maximum permissible curent through the zener diode. Typical values are fom Hm &

12 1 ampere.
302} SAuwtT RECULATOR

b2

The shunt regulaior uses a trangistor ta amplify the zener diode currenl and (hus exlending the
Lener’s currenl Tange by a Faclor equal Lo teansistor b, {Fig. 3.34)
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. MM .
I

K, L,
R

L 1, I

Lmeulated | [ " [
118 w R B | P R, Ve
,I.I -II E#, IH l

Fig. 134 Skhant Regufmtor Circnlt

LERET currenl, pasies through K|
Mominol ol pun bdl Ligs
-V Vi
The current that gels branched as L s ampbified By 1he transistor, Thers furs e 1otal current
I, = AP} + L} Ig. flows theough the load resistance B, Therefore for a small currem tirough the

zener. lange cerrent flows threugh By and volzge remaine constant. |0 otherwords. for large cucrent
1arcugh B, %, remarns conslant. volage %, does nod change wilh currenl.

Frokiom 173
Fow the shmer cogwiator shown, daermnme
1. The nusnival sulape
1 Nelue ol B,
3. Load current range
q
a5

. Miran Iransislor puseer dissiparian
- The watue of By, oand 1§ pomer Qisseparion
W= Conzant, Fz2wer diade & 3, 200mW, requices Shed i mse OPTEAL
Trawsisror Specificatings »
R L | P A Pl |
[ The nowrindl ourpur voltage = the sin of the rrangistar e, and sener woltage.
V=2 rag =05 =V +V,
2. By s sepply Smd 1o the zener diode
L

FEI = — = - = 40 13
Sxt07 Sm]i
3. The maximom ellowable zener current is
Power ratin .z
_Shver IAhE =— =3[.BEmn

Yolagerating 6.3
Tere Tesal cwivgnd ramgre 65 the differenee between minivaum and shg=imum current through the
shupr path provided by the tusistor A pngrion A, we cant weite,

IB - I.Jr -1,
II is consiani al & maA

lg =1, 1

1, is ¢anztant at 5 wA
ly =5~ 10 -5 =tk -4
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LT P
=ME - - 5= 0= 268 ma
The rrantistor emitter surrent [ - IFI -
AT Rt
[|I+ Il thep = 111G
|; ranges (e a minimun of 0 oo masitom of 26.8 mA
Total 1l current range is {heg - 15
~ S {26E < 1Y) - LA A
4, Fhy muegireiw tinesistor power gliaspaon opqurs whan the current v mgsamum g o= L
=¥, I #6051 =87W
3. Ry must poss [.34 A ta supply currene oo the transisiar and B, .

_M-¥p 3-s6s
B T
The pawer dissipated by R,
- rh'! H:.,‘
ol R EE N WL Y
RetuLaves Puoswer S peLy

N FEY

An unregulated power supply cansists of a transfoemer, a rectifizs, and a Nilier. For such a carguit
regulation will be very poar ie. as the 1aad varics lMood meurs owd sprreit] [Ae dood moaes s inad
carrelr or O clrvers Full lood mears full foad carrent e chesr cirzoie], we want the ouiput voftage
1o remain constant. Bud 1his will nof be 20 for unregulated pawer supple The shor comings of the
aiccuils are

I, Poor segudalion

2. 1C apar wirrage varies directly a5 the a.c, mput voliage variss

1. hsimpke rectificrs gnd filler giczwits, fhe d.c. curput valtage vanics with dermpesatiee also,

i wensicnhduckors devices are wsed.

Anclecironic feedback cortrel circuit is wsed 0 conjeeiion with an unreeulated power supply
to owercame the above three shorl comings.  Soch a swstem is called a “regwloeed
PUEEF IR,

Siphitizarion
The mutpul vialtage depends upen the foliowing {actors in a power suprly.
1. Impul velipge Y,
2. T oad curient 1)
3. Tempoeralure
Change o he putpot wollage AV, can be expressed s

TR o
a0 ay ! M Al e AT
L ey, ! ﬁlL AT
AV, - S AV, = Ry al| - 8. AT
Where Ue three soeETicients are definesd as,




LTH Electwmnle Dievites apd Clrculis

(i Sability Facrors.
Jp = —o im 0, Aq=0
CFATREL S

This should be s small us possible, Ideally D since 4 should not chenge even il'Y, changes,
(i)  Calpst Resbifonce
ﬂ"-fn,
R;.|= _._'ll'lL 51..'.:{)' I':l[={:|
(hip  Termperazgee Coefficiens
.-'.'n"-.-'ﬂ
S h [av=e AL D
N =i, .
i I L
“Ihe smaller the vilues of the three coefficients, the betber the cincy .
Serles Voltage Regoloior
The wvoltage regulation {i.c., chengs in the outpu! vellzge as load  voltege verics {of inpul volage
virrgs] gan be improved, if a lurge puet of the increase in inpul voltages appears across the
control Uransisior, 5o that outpyl woltage ries Lo mdin constand, Le., Incrdse in "-.-'i resulls i oifereased
Yo 30 that oulput almosd remains cumstani. But when the input incroases, there may be some
incregne inodhe ouipue b oo g wery sutaller esiesd. This increase i eltpul acls 1@ bias the control
rensistor. This addilional bias cases an increass in eallector re emilier valtage which will companzate
for The imcreasad inpul,
[l the change in outpul were ampificd before boing applicd 4o ethe comral transjstor, ebor
stabiliation would resull.
Gories Yoleage Regulator Circwit is a5 shown in Fig 3135

Hexies pass ITansislor

+ "‘-.r":.-"i.r i E"'\E%h' I, %l'uf =T .
v R,
e
L Ry } L
R r % Lanpling
W 1 a R renidar av -
L CanLril o L
d."r'l —"l."l Iransisior i T 1

Vol At |

Fig. 33% Sprivs Regulotar Circwir

3.12.3  SemiEs Yourace REGursrok CrReun

3, is U series pass elemenl of the series mopobnar 0, acrs a5 the differense ampafie [F 33 the
relerence zemer diode. A fRwtion of the outpul vollage BV, (b is o Factios, which is faken across Ry
and the potentiometer) is compared with the teference woltege V. The difference fh‘u‘u - Vgl
amplificd by the Iransistor 1. Bocause the emitter of Oy i not af ground potential. there s constan
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voltage Y . Therefore the net votiage 1o the Rase - Emitler ol the transistor O, s (hY, « Vo). As W
increases, (B, - Vpbincreases, When inpud wnleage increases by AW, the base-gmither voltage of (1,
increases. 3o Collector currerm of O ilrendes and hence theee will be large currenl change in B,
Thus &l the Ehangﬂ in % will ﬁ-pp&ﬁr Az By naelT % g ol Wb Lransisior O |5 ssnalh. Therelone lln:
dropracrass R~ Ve -::'I'ﬂ gtk SIHLL{." AL Smnrfl Hence the imerneass in e voltage appeurs
essentialiv UETENS {ﬁ only. IT]'ua wpe of E!Ir'EI.II1 taE.:—:-. care of the increzse ininpul voliages only. I the
wnpat —— 4.1|.L1'pul will als decrease, (17 the sutput were Lo Temiin constant al a specified value,
even when W, decnzases, buck and boost shuuld be there. The mpping of 4 ransfommer should be
chamged & velay wlirn ¥, changez) 1y ie rhe ewput resistamee of the uniregulikd pows supply
which preceds the regulator ciecait, 1, is the oupot (csiganee of the reetifer, Qiler ¢irewe or i1 gan
he taken as the rasistance of the DO supply it 1le lth experimem.

AV,

The expressioa far 5, (51akiliny faciord =~ .-:Li

R, —R, [R inparallel with R, )+ h o +(1+ b, R,
R, hpe Ry

i ez
R, — Zener dinde resistance (typicel vaioe}

I +R:-"'h.-:|
R, = ! L+hy, G = Al
L (Ry+n) mToaAY,

The presel pol or rim pol B, i the cirguit 5 called os sempling resisfor SNCe i1 ontrols of
samples the amount of feed back.

Frevegufader
It prewides constant cument W the collector of the 1R amplifier and the base of coneal glement.
H'_l I -

IT Ry is increased, the quantity - - el

ilso incTeases, bul then this tern 15 very small,
+h
li=

singe i1 15 being divided by by,
1.12.4 NEGCATIVE YOLTAGE RECULATOR

Sometimes il ic required 1o have negative vollage vie, -6V, - 18V, 2 1Y o with positive fermingl
grounded. This type of citcuil supplwes reépulared negative vidlfages The inpur should also be
negative D voltawe.

3125 YOLTAGE REGULATOR WITH FOLDEACK CLRRENT LIMITING

In high current valtage regulator circuits, constant load current lirmating 15 emploved. e The load
carvent will e ingrepse hevand the set value. But this will ot ensure pood prﬂltcllm: 5o foldback
current limining is empluum When the sutput is shared, the current will be vazlj-lng The series pass
rransistors will pon be able wr dissipate this mech power, with the resull that i@ may be dinaged. So
when the outpul 15 shorted or wiven the load current excoeds the =24 value, the current through the
series raaksistors decrsase or folds Back.

106 SWITCINNG REGULATORS

In the voltuge regulater cinedin, suppose the cutpur voltape should remain constunts a1 4 6, the inp
can be upta « | 2% ar « 15V maxinum. [F the inpaet woblages 1% masche ngher, the poser dissipation
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1

acrass the wangisior will e Raree ard so000 ey e darnzged, 3o o prevent this, the input is limiced o
araund fwice that of the inpat. Rut i Mghsr inpul fluctuations were e be wolermed, the velage
regulators I is used as a switch between 1he inpwt and 1he output. The iopud volage is not ¢onneeted
permanertly e the regolitor circuit bot QMAOFF will oceur at a high frequeney (30 KHz) so thot
autput ii constanly presend.

Aosiple vollape repulater circuil wsing CATUEEL is 25 shown in Fie, 3,36, Hogives 6B ¥
crtant gugprl i [D0 A,

+ |1 B 4 3 ! s thY
T I'—I_.- 3 HIL,
a
Lim rogulated Pcrulaicd
nipus Qul g

Sl

Fip, 336 CA 3854 N raltape repularor.

l

o PRy

¥y = ]laﬂ-.ﬂ.v,l

[ _._H_L
Rp-%a

RCA [(Radio Conportion of Americal uses Tor the 105, alphabos A CASDES A 15 voliage
regulator. LM30% K - iz another Yaltage Regolaar [C

WATLACY s head phone amplifier, delivers 30 mW do, S00-G00LE load
CAINT is low power ¢lass AB ampliher, aad delivees 300aW ol cutpenl powen.
M| 354 ju 200N cluss B power ampifier.

Provegulglar

The value ol the stubilily fctor S, ol o voltge: cegelater shoold ke very small. 5, can be improved
if By ig Ingreased {from the gehers| expoession] singe By — (W V1L We ¢an ingrepse B, by
decreasing L chrvagh By The current Harcugh B can he decreased by using a Darlinglon |:|air for
th. T get even better valucs of S By is replaced by a constand curment source ciecuit, so that
R, tends o infiniy {R, -+ o). This constunt current source cireunt i olten valled o fransiseer
preregrilaror, W T the meximumn value af input that can be given.

St Clepielf Peerligd Prodaciion

Overload means vverlowd current (or shert circuity, A power supply must be protecied Tunler from
darmage thromeh averload™ br o simple vircuit, protection s prévided by usieg a fuse, 50 a1 when
curre M excest of the amd values lows, 1792 Tise wite will Blave ¢ofT, Hue protecring e <omponens.
Thiz fuse wire is provided before 1. Another methaod of protzeding 1he circuit is by using diodes.
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I:“'El—'ln
.....—-'wl"l,..ﬁv !‘H—l—\‘-lﬁw':‘m
Lk ] @
= T P — |

rron inphlier ) ab seric: vadlapee eegulator

Flg, 137 Circult for shart clreald proveciion,

Zoner Fouley can aisa be emploved, bul such o crcuit is relanvely cosly,

The divdes Ty and O will a0 cuemducing voly when the voltage drop doross R, excoeds (he
current 10 vulinge of buth the dindes L, and [y, In the case of a shon circurl the current €, will
ncredse uplo A limilimg poind determined By

Y2 YRR
g R‘Fi

When the valpol ws short ciceniled. the collestor currenl of Oy wicE Te very high [, . R, will

alzo be laree.
: The two diodes D) and [y s3ar1 condsgting,

The large collecter currens of £, passes thrauga The diodes T3 and Ty arad not through

the transistor G

Transistor Or. will be sale, O and Ly will be penerally si diodes, since cul in vollage 13

0%, 5 g Ry drop ¢an be large.

Proddene .04

Dasign a seriec repulated power supply (o provide & noming| (epun voltags of 25% and supply load

cwrment 1, < 1A The unregulated power supply Las the Tollowing specifications ¥ = 30 £ 53,

and ry = 1L

Ghvem: R, 1202ully~ [ mA ALl - LU mA, B - 220, by, — 800 €% by o o= 3001, = 10 mA.
¥

The referenee diades are chosen such thi vy, - _:J .
'|.|'
S -1zsv

. Two Lensr diodes with breakdown woliages of 7.5 % in serics may be cnoneoied.
B, = 12fard, =20ma
 hovse by =1 = 1Gma
At e = 10 mAL e h-paramgiges for the transisior are measured as,
) B =2 h,=8H40, h,, =200
{“hoosz Lo 10 mA, sathat |y = 0y 0 1y, = 20 mA
Y-V 2%-13

Ry "7 =T ke
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1
C 1A
2
lgg— =% = - 45uA
T H
Chreeose 1) as 10 ma Tor si transistors, ¥ - 06 ¥
Yy = Vg, - ¥ = BA Y

Vi Vs 25-1hm

k.= | = — - 40l [2
| EI
W 15.6
R, —% - — L = 560 O

=0 paan ?
For the transistnr 03, choase 1, 25 14 and by = 125 (ds curnent gain )

]] 4"-: ‘l‘[rJ
I - _I —l 1 I 1 jr
" hpy B el mth
(IR Cubrenn gain)
_ W
s =°"

The current through resistar Ry s 1=, 1 L., =& 1 [ = 18 mA
The valug of By comespondding w0 V= 42 ¥ end || = 1A is (since these arz given in the
problem) ¥ = 50+ 5,35 ¥

i
¥ Yo Y

Hl-256
R, - = — - 1360 0.
] =107

Yorllape repulabor is a circuil which maintiins constant o put valage, icrespecdive of the changes
af the input woltage or the currgnt.
Sepbifizer = IF che imput is g, and ouipul 05 a5 e, i1 s 2 stabilizer cireuit,

L1y TERMINCLOLGY

Locd Regufatior & [0 i5 defried as the %% chanpe i regulaced auneet valtags far a change in load
furent from minimum ta the mexsimum value.
E, = Ourpait volrage wihen 1 is minimumn Crared vatue)
E, = Cutpel voltages when | is muximum (rated value)
E/-E

o)
U lamad regulation = % @ [N % Ry o= F, This vale shild ke gmaidl.
.I =
Line Regufafion ¢ Iis the ¥ chenge in ¥, for 8 change in Y
AN,
- = JiH) N
AY, ‘

nhe ldexl case  AY, =0 when ¥, remaing constant.
This vl e should be mamenum.
Load reguladion 13 with respeet to change in ]I.
Livez cegubation 15 with respect fo change in 'Y .
Ripple Bejection - It iy the ratio of peak 10 pegk outpul ripple voltage 1o the peak 10 peak inpul
rippbe valtage. .
“ru{.F' - F"}
v, {p - p)
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SUMMARY

# Rectbercircat converts AC 1o Unidieectional Flow.
# Filte Ciraui womverts [lmdirectomal flow o TE. N mimiarases Bipple.
# The dilferent types of Alter circuits are
1. Capacitor Filier
Inducrar Filier
LeSeation [ LC ) Fileer.
n-Setion Filter
CRL and CLL Fillers

“h A g b

#+ Hipple Factor = r][-'ﬂ . Eor Half’ Wawc Heatifier, ¥ = 121, for Full Weve Rectifier
o
= 42
# Expressien for Ripple Yactor foe C Filter,
l
T irer,
# Fxmression for Ripple Eactor for | Filler,
'T ATl
# Expression for Ripple Factor for LC Fiher.

# Fxpression for Ripple Factor for w Fetoer,

H'E.‘-".c [h
= R X,

.

R

& (ritical Inductun e
ritical Inductunce L{_ o

_ 3X,
# Bleeder Resistance B, = —

-

OBJECTIVE TYPE QUESTIONS

1. Rectifier Comverts o e T e i e

2. Tiller Corcel Comverts oo W0 s v

3. Rapple Factor in the case of Full Wave Rectifier Circuit s
4. The chacacteriztics of a swingng chokc s

5. Tn the case of LC Filter Circuils, Bleeder Kesistancs ensures
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ERS5AY TYPFE QIFESTIONS
CObeain the exprossion For orpplo facor in the case of Toll Wave Regtifier Cireuil with
Capacitor Filier.
Explain the terms Swinging Choke wnd Blesder Resiztor.
1. Compare C. 1., L-%cchon, n-Section { CT.07and CRE ) Filters in all respeats.

ML LTIPLF CHOICE QUESTIONS

Ih.r

. Specind ppes of disdes i which Lransition tioe and storage Lime s made small

are colled ...
ie)  Snepdindes  (b)  Rectifier dindesjc)  Starage dindos iy Memory dindss

. The Chrewit which converls uidireerional flow o DLC, i ealled

(a)  HKectifeercincuit thy  Cnnverter circuit
[y Eleercircuil {d}y Lliminatar
- Far ideal Recilfer and filter ciecnirs, % regulalions must be
far 1% iy U] % ity 5% iy 0%
The value of current that Nows thrugh H, in s *=' sechoo filler cincuit a1 no load i

L
(a) = (b ] mA <y 0 rdy  few ma



In this Chaprer,
*

*

The principle of working of Bipolar Junctions Transistors, (which are also
simply referred as Transistors) and their characteristics are explained.

The Cperation of Transistor in the three configurations, nameby Common
Emitter, Common Base and Common Collector Configurations is explained.

The variation of current with voltage. in the three configurations is given,
The structure of Junction Field Effect Transistor (JFETY and its V-1
characteristics are explained,

The structure of Metal Oxide Semiconductor Field Effect Transistor
{MOSFET) and its V-] charscteristics are explamed.

JFET smplifier circwits in Commoen Source (C8) Common Drain (CT¥) and
Common Gate {CG) configurations are given.
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4.1 BIFOLAR JUNCTION TRANSISTORS ( BIT'S )

The device in which conduction takes place due to two types of carriers, electrons and holes is
called a Bipolar Device, As p-n functions exist in the construction of the device, it is a junction
device. When there is transfer of resistance from input side which is Forward Biased { low
resistance ) to output side which s Reverse Riased ( high resistance ), it is a Trans Resistor or
Transistor Device. There are two types of transistors NPN and PNF. In MPN Transistor, a
p-type Silicon (Si) or Germanium {Ge) is sandwiched hetween two layers of m=fype silicon, The
symbol for PNP transistor is as shown in Fig. 4. 1{ a ) and for NPM transistor, is as shown in Fig4.1(b ).

E ; E
B
(a) (b)
PNP NPN

Fig. 4.1 Transistor syrmbaols,

The three sections of a transistor are Emitter, Base and Collector. [T the arrow mark i
fowards the base, itis PP transistor. 156t is away then it is NPN trapsistor. The arrow mark on
the emitter specifies the direction of current when the emitter base junction is forward biased.
When the PMP transisior is forward biased, holes are injected into the base. Sothe holes move
froam emimer 1o buse, The convedtional current Mows in the same direclion as holes, So arrow
mark is towards the base for PNF transistor. Similarly for NPN transistor, it is away, DC Emitter
Current is represented as |, Base Current as [ and Callector Current as .. These currents are
assumed to be positive when the currents flow into the transistor. 'V refers to Emitter - Basc
Voltage. Emitter ( E ) Voltage being measured with reference to base B { Fig. 4.2 ). Similarly
Vo and V.

o —pE .ﬂ{ Tl:ii—~ £

1 t

¥in Y

j |
B

Fig. 4.2 Current companenis in a prp (ransistor,

4.1.1 PorentTial. Disrrmirions THROUGH A TRANSISTOR

Fig. 4.3 shows a circuit for a PNP transistor. Emitter Base Junction is Forward Biased Collector
- Base Junction is reverse hiased. IFig. 4.4 ( a ) shows potential distribution along the transistor (x).
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Wihen the sransistor is open circuited. there s no voltage applied. The potential barriars adpust
themisebees wa height V . ¥ will be fiew tenths of 8 volt. [ b4 the barner priential. So when the
Iransistor is apen circmiled hi'ﬁi:'ﬁ. will nal b injeeted intoihe coliccior. (Potemtial barrie exizis all
alang the base widih, simoe The fles fam enmtben have oo meach collectin and o jwst remaie i rasel

Fig 4.3 PNPiranslsior clrealf commeciens,

Boc when transistor bias voltages are applisd, emeffrer hose janctfens & forward ifaved and
the ceefferrer e Jaorcrion f5 reverse Slased. The base potenbiol aliwst remiins conslenl. Dot
i the veverse eas voltage of wirllector - base jumcien 1s creased, effecrive base width deereasey
Sinece EB junction 15 forward biased, ina PR iaesisior, the emitier base barrier 15 lowered. 5o
hotes will he imjected into the base. The injected hifles diftfuse into the collcoror eernss the w-tpe
matenal (hasc ). When KB junction is forward biased erailter - baze patcntial is imereased by ¥ |-
similarly collecior base potential is reduced hy |".-"(_H,. CrHllectar base juncyion is reverge hiasueﬂl.
Soonllecine cxtends intn the hase or depletion reginn width ingreases Emdter - Base Junction is
to e Forward Biased because, the carrrers st be mgected and Collecoor - Base Junction must
b reverse biased, beecsuse the carriers must he anracted intoe the Collector Regron, Then anly
cuerent Flaw regadiz chrnug v 1he 1rangistor.

4.1, ThraNseTOR CURRENT U POMNE Y TS

Consider a PMP transister. When Lmiter - Base junction 15 forward biased, holes are impscied inlo
the hase. Ho thes cumrent is [ [ holes crossing form Emitter ta base ). Alse cloptrops can be
injected from base 1o ::m:ittcrp-[f which also contribute for emibier corrent ]E ). 5o the reanlting
cucrent is I"E. Therefore the tolal ematler current l[ = [pr + I“[.

. . . .
The tatio of BE iz proportional to the ratio of conduetivity of the ' p* material to that of *n'

nk
matenal. In commercial transisior the Deping of the Emirer iy fmodé wrach larpe rhax the
Daping of the Bave. S0 °p’ region condectivily will be much larger than ‘v’ region conductiviy:
Yo he emitter currend mainly consists of holes only. { Such a condition is desired since electron
hafe recombination can take place at the emider junction ). Callectar is Lighily doped. Basewidik
is garraw { Fig. 4.40a)).

Al e hodes infecied from smitter to Rase will nm reach collector, since some of them
recatmhing with elegtrons in the basc and disappear.
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E B C
e ER
ra) TV'I'.'B
+ | =
| F
1II?l-II!
Emiiraer LY Colechny
(h) : N = [}igtance I
T e
R S A Y
f . Effective |
" Bage |
Widdh -
-~ -

Fig 4.4 Porential barvier levels In a iransivter

W1, is the corrent dog 10 heles at the Emitter Junctiom, 1. since sgme holes have
recombined with electrans in the base. The recombination currefil is cﬁualw{ Le=M, F T the
emitter s open circdied, sathatl, — Qo vlen 1 _ wondd e 2e10. Under these n.mn:rufmns. JLNCCion
acks s o revere bsed diode. So tru: CUIIEti-;JtFEurrent 1: Apprakinate!y egual o revet s satmation
Carrenr SIL_'EI ¥ I £ 10, ther | Ir:v:u II_{_

Fora F'NF‘ lran Ristor, 1 jlmngi*:t-: il hles meoving trom lafil to rghi [hase 1o collector] and
electrans crossmg, in the nppﬂqltc dircction. [n the base, which is x-fppe, holes are the manocLly
carriers, In the collecter. which is *p’ type. ¢lectrons are the mincrity catriers. 1 is dme to
mineTily camigrs, Currenis enkering the fransistor ane positve. For MEN rensisior, 1 congists of
elecirons, the minarity camices im the base moy ing W collectr and holes from ool lector muving L
bhase. =0 the direction nfl for % M cransagior is the same as the conventional curent entering

intn the rransiglar Aleaey F i pagirive for NPN rpnsieior.
Emiitter Efficiency (y ,i'
Cuerem due to lyjegted ot rhe Bmirrer - Rage Jineticn

T Tutal Tieiter Curtent
For o PN fransisior,

coa b e
= =
Ie t1, 1
Yalue of 7 is always less than 1.
lrL = Current due oanjecied holes From emimmer Lo bise

[I1r - Curmeat due do injected elecicoms from buse 1o snmner.
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Fransporntative Faclor § B2
o Turrent diaz 14 ppected carii e rs reaeiatg O - O jubction
[jestel varrier custent al gminer = base unclisn

Fora PP fransisior.
in the Collectuor HuleCurrent in toe Collecwr
Iale Current 1o the Ematler

pl= I.F‘F. = IJ'
Ly

Lurpe Sipanf Currert Goain f @ )
Cillggter Current

bmatter L nrrent

i 1he Ermigrer

kil aod divading by I.-r'
|

a-f v

413 TRaNSISTOHR AL AN AMPLIFIFR

4 vmall change AV of Evidter - Base Volage cawses relatively lacee Emitter - Curent Clangs
Al . afisdefined as the ratio of the change i colleclur cummenl o the chungee in emitler curmenl.
Hecause af change inemitter curment Al| and consaquent change o collectar cumrent, thers will

e change in output wollupe AV
.jl."l-'l - fl R. I b - &
; B AR L al. Shze gt = Al

i

av 1 aal
R islodd resestance. Therebore, the voltage ampl it is,
-ﬂ"l'l:l _ HIRL;"'.]E

A =
YUUAN, Al
o R ol
."ﬁ,.. = T L = T
' Elv g=K
R =
""'u,.'} |

' = Small Xignal Forward - Ciecoit Cerrent Gain.
rE" = Emitier Junction Besistane.
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The term. 17 e used since s resistance does mA nclude conact or lead resistances.
¢ valig i3 sl esiuse emilier - buss Junction is lenwand biased.

%0va small zhange th emitter base voltape produsces large change in collectar base voltape.
Heuoa, the transiser acis as am armplifiee. [ This is Tor commuon base confpucstion. Yollapss ace
measured with raspect to base )

The inpui resistaneg of the cirenin ig low (tepical value 4050 and culput resistance is kigh
(300000 So current fram Tow rosistange inpul ¢ircuil is fransferred to high resistance auiput
Gincu i R‘L L SeHisa iraxusfer resistor device and abhrevioied ac frgnxisipr, The magnitnde
of current remains the same [ @ = | b

4.1 TRANSISTOH CONSTRUCTION
Two commonly emploved methods for the fbricatian of dindes, transistors and other zemicondoctor
devices ara
bodirown g 2 Alloy type
4.2.1 GRows TYPE

It is made by drawing a single <rys1al Fom o mele of Silicom or Germanium whoese impuorty
concentralion 1s changed during the orystal draveing opreration.

4.2.2 AL Tyrr

Athin waler of g=pe Germaniom is taken. Tao small duts of indium wre atteched we the wafer
oom B3th ides. The e mipse manaee 15 ransed T a hich vilue where indicm mels, dissolves Germanium
beneath it and forms a za @tor solunan. Oncosling, mdivm crvstallises snd changes Germanium
to petppe 508 FNF ransiztor formed. The daping concentranen depamds opon 1he amaume of

el placed and diffusion length on the Lemperature ruised.

4.7.3 MANUFALTL KE OF GROWH JUNCTION TR 510K

Crrown Junction | ransistors are manufactured through grovsinge 2 single ¢rvstal which is sbwly mlled
{rom the melt in the crvstal prowing femace Fig. 4.3, The puritied polvorectalling semicondugior s
Kepd in the chimnber and heated w0 oan atmosphers of N, and H, to prevent ;adation. A seed envstal
attached to (e verical shifl which isstowly pulled 20 the mile a7 |mm § dhrsJoreven lese. The seed
erystal imiteally makes comtact with the molten senmconduciars, The crvstal starts growing as the
sectd onwstal is pulled, To get p=figme imparizies, to the salien polvcrysea lling solutics, inparities are

1 —6 T

|} I I_

|
4 3

1. Furnate

1. MaollmCermuminm
Y. Seed Crystal

4. Cos Inlst |
5. GusOuiked
6. Verbeal Drive

mr———

1.
Flg 4.5 Crysiad growrh,
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added. MNow the ervstal diat grows 13 A-Fppe seonicanducton. Then peiupre impuniies are added, So
the ¢rystal now 15 pogppe, Like this BTN rransistor can be fabrcated

4.2.4 hrrusroy Tyer OF TrASsISTOR CONSTRUCTION

To tabricatg NP dransistor, e=nge 5070 or “Oe” b water rs taken  This forms the collector
Base-cullector punctron areas ig determmed by & mask and diffusion Tength. pedupwe inpurity (Boron)
15 diffwsed sniy the witfer by diffusion process. The wafer to be diffused and the Baron wafer
which acis as p-fppe impurity, are placed side by fide. Mitrngen gas will be Mowing 8t a particular
rafe, hefore the Boron is converted o Boron Oxide and (his gedz dopaosited ovor Sihcowwafer,
Raran i< driv2n ing ide by drive in difusian process. Sa the bags -colleciar panction will e fonmed.
Mow again gppe amparly © Fhiesphorus pos diffused imo the Base Amex in a sionlar way,
The differenn sleps in process are

1. ¢ idation

2. PhulodiiRogromy

3, DifFerseon

4, Metallzation

a. Ercapsulaliomn

4,2.5 ErtaxiaL IyrE

Topver of Siliwonor Germani e is grown s 4 heayily doped substrate of
the same matseial, {0 o n' or {p on p™y. Thig ferms the collector.
Orver this base and emirter are dilfuscd, Epvitaxd is a grock word. Spe |y _ epitui

mean "“0OM' i means "AERANGEMEMNT . This technigqus implies 2’ - substratc

the growth ot a crvatal v a surflace, with propenies deancal tothatof —————————
the sucface, By 1his technique abrupt step fype p-n junction can be 108 4.0 (a) Epitacial
formed, The sineeturs is shown in Fig 4.6 (). {Fpe Hransiston

4,3 THE EBERS5 - MOLL EQUATION

EBeEns - MoLL MODEL 3F A THANSISTUR

A transistor can be represented by two diodes connected back fo back, Soch a ciecoif for a PMNP
transistor shown 1s called Eder - Moff Moded. The trang istor s cepresenied by the diodes connected
brack to back. lE and [l:n represent the reverse saluralion curréts, & Lo is the current saumce.
o, IC represenls the corrent source in ivered mode [ Fig. 4.7 )

o L () [

-
Twthas process, & w:r_','tl'ri::]-:, high purity (high resistance}, single crvstal { I_Il_I

I - e Wt
I & N =
—=r | bl
E C
:r]_}_llil'l- —I[_" [
' —
+ .l - I - H +
v, & Y

Fig 4.7 Eher-Mofl Model af PP ransivior.

A tranaistor canmt be formed by simply connecting two dicdes since, the base regron should
ke normow,  Otherwise the majority carricrs ¢mifled From the croitter will recombine i the base
and disappear, So tranzistor action will nog be seen.



192 Electrondc Davices and Clrcnirg
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4.4 TYPES {F TRANSISTOR CONFIGUHRATIONS

Transistors [ BT ) are pperated in three configoration name|y,
1. Common Base Configoretion (C.B}
2. Common Emitter Configoration (27.F)
30 Common Collestor Configuratian (0.0}

R, FNFP R,
: E C
hYATAY - %_ b—‘ﬂ P —
+ 1""llw. ¥
v, o4 R = .
¥ w

Fipg, 4.8 Common base amplifier circuit,

dod 1 Corawor Basg Conpsuramon (C.B)

&), % Fquations {1}and (2] are erlled Eder-Maff Equations.

L

The bass 15 at ground potential. So this iz known as Comman Bave Configuration or Grrunded
Bosr Configaraiion, Emiter and Collector Voltages are measuned with respect to the base. The
convention 15 curmenls, enloring the transistor ane faken as pogitive and ihose leaving the dransistor
ag negative, Fow a PN transieior, holes are e majonty camiers, Enualler Base Junction 15
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Forward Hiesed. Since holes are eniering the base or [ is pasitive. Holes through 1he base reack
collcctor. 1_ is Flowing out of transksior. Hence 1,: 15 negalive, similarly JB i% negalive, The
chiaracierisoes of The ransislor can be described ax,

Vi Fil¥oy L}
Dependent Yeriabies are Input Voltage and {utpul Currend.
.= fz 1"'-"CH. [E;]' .
Indcpendent Vapsables are Input Current andg {datput Voltage. Fora Forsard Bigsad Jynction
Vo, i8 positive, for peverse hias collecior penction ¥ is negative.
Tranxiseor Chargeterisiics (0 Comunn Bare Configtrgilon
‘Ihe three rewions in the output characteristics of 8 transistor are
I. Active regian
1. Suturation region
3. CnE il Fegion
The tnput wnd oulput characteristics for s transistor in C.0 configuration are gs shown in
Fig-4.9¢apand (b} When | =0, the emitter &5 open cirguited. Sa the transistor i not condugting
. .q L . . - . . .
dned the [ i3 not considered. Cenerally dee transistor i3 not wsed in vis mode and it s o ganded
as cul Lrt'}", JEw:n thvugh IC'EG i presemt il is veey small for aperation During the regocn QA for
a small viriation ot Y . there s very large. change in coment 1, with . 5o current is independent
of woltage. Thers is ng controd over the corrent. Hence the rangistor cian nal be operated inthis
reginn. S it is nemed a5 3atoration region. Che literad meaning of saceration should o be taken.
The region to the right is celled ective region. For 3 pgiven ¥ With | incredsed, there is no

appreciahle change in | It 15 in saluration. When iransistor is being uscd as 2 switch, it is
opcrated betwean ci nflf'and satnration regions.

-':"i-.|II -
a .
. Art
[E {m‘u-|- .hf.;f-' f clive region
5 maA ;L'-'.?
’ ) 1v
1
YV =16 V__ (V) P
! ER Cut-ofl’ region e w3
fa} 1t/

Fig 4.% {a] Input characteristioy im C.8B configorafion

b} Craipar characerisivics in OB coafigaration,
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Eama EFrreT E ;] N
The collector Deee junctioon 5 Feverse Bdsed, 1l ——— i * : P
Ieversy bbb vallage 05 inureased. Lhe space charge ;
wichth al e p-pr rescion of Qase - Collector Juclion of l
PP Tramsestor imcreases. o efecltive base width - ""___l - '_“'__|
drecreases [ Fig 4,741 LI L
eM, . .
*.,.fu - 1—_1,:.,-- Fig 418 Early effecr,
F

= Spage Charge Reguon Widih.
The decrense fn buxe width with increase in collecior reverse bins voflape i Rnows oy
Eurly Effred. When the basc width decroasca. the prnhabibity of recomhbination of holes and
clectrons in the hase reginm is less. %0 the rransportation Bactars 3 increascs.

44,5 Covivoy EME Cek CONF GCRaY N [CLE)

Iri this cirewit Feg 4.0 gmitter is common o both base
and cullector. So this is kwown as CC configaraticn or
gramdd cuntter woatignration. The inpul rollage ¥
and oolput eucrent It are tabhsn as the Jependent
variables. These depend upen the volpus voluge ".-
and inpul current I

—1
"—1'{{

1'.-' LAY )

= 'f I:l|"lrLl': H-}

I5PL T CliaRACTERISTICN

Il_'Lh_c collector 15.5hurt|:Id Lir thtlfmil1tr. the tramsisloT 15 Fig 400 Commion Emitier pap

5-IIT|I|EI[ tx a Foraerd Biased LHade. %o [ wwercascs as LT
incrzases. e wnput characteristios are as shown rrimsistor amphifies oircke,

in L“lL 4.12. 1 wmccoaces with % exponentially. beyond cwi-in vollage V. Lhe variation 1s

sirmlar to that ﬂlba Forward Hmsr:d%m-:l: Y, =01 =0 sineesmitter and cellector | junctions

are shorted. If Y, incresses, base widih dccmas:s{ ‘:'_', Early offect ), and results in decreased

recombination. As Y 15 nereased, from -1 40 -3 | decreases. ¥ is the cob in vollage.

|.
- -
& T
L
Ly (ma) | G E
3 mA
L v
¥ - b = ¥ (Y1

File .42 Inpat characteristics in CF corflesreiem,
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L+ It_" =0
Lo=—(l +1)
As ".-' |m:-r~:a_l-|:5.I increases, 1.|'|.:1'=f'L:-I|: |, decreasss. Il'nv:,r-l:i"l:prv.:1 base recombination will
be less. The nput characieristics are similar to & forward biased p-n junction diode.

[ Vg
o= 1 e™ -1

l
The input characteristics | vs "-" follow the equation,

)

I, = 1

J
OUTMUT CHARACTERISTICS

The transistor 15 similar to a Collector Junction Reverse Biased Diode. The outpat characteristios
is divided into three regions namely,
. Active Region.
2 Safuration Region
3. Cur-0ff Region.
These are shown in Fig 4.13, 1f L increases, there is more injection into the collector. So
I increases. Hence characteristics ue as shown.

The output charactenstics are similar to o reverse biased p-n funcrion, (| Collector Base
Junction is reverse biased ). They follow the equation.
[ Yo

= Y.
[[. L] g™ =1

L

The three different regions are
. Active Region 2. Saturation Region 3, Cut-off Begion,

1{' mA| Saturatio

Active Region

T
Ig = 80 pA
I =60 pA
[, = 40 pA
/ 1y =0 pA
B at Reioe
w V. (V)
CE

Fig 4.13 Ohwurpar characteristics in C.E Configuration.
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+1 +1 =
Ii:l-ll'_II:u

L=l + 1.
" =-'rlm—u-l

But IE—- —UE+1E,}
IE_=—Im.+u-lu+rr.El_,

. |r'[|—LI.:|-_—|.L.rJ+ILI.|.ﬁ
Il the trasistor wers 1o be au cut T, Iu n1ust be eymsl W s,

TEST FOR SATURATION
J:L.'

2 If ‘.-’{.E is pasiLive for MNP transisier and negative For MMM transiswor, the fransispor
L5 im salucztion.

l. i =

CoMMoE EMOTER Cut OFF REGION

Il & trunsistor was o be al cul o, I-: - 1. To achreve tag, il the emitter-base junetion is open
circuited, thers cannot be tryection of carmiers rom E o Cthrouwgh B Hence [ = 8, (Any
reverss saturation curmenl Aowing becawse ol thermal agitation s e smedl, So the transslor <an
not be operated). Bul inthe case of C L confipuration, even il:'ln 15 ade 0, the transestor is a0l gut
aff. 1. will hove a considerable value even when IB — . The circull is shown in Fig 4.14,

__:\:Iﬂ'l:'

- L

0
¥ y!liﬂ
T 4

Fig d. A4 Commor Emirrer Cul=0fF vegion,

= + )
Becatse, . al o+l
i = Currend gain

IL_“ = Reverse gztyrafinn curment in the collector,

But IE = —[[H + IC}.

If =00 =l
IC-— _u'[_l.:]'+[|:'|::.

ar 1. (=)= Im

or = Iy =1

o l-m CR
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I wrder 1 achieve cut-idf in the Comman Emdtter Confzuration, Emitler Base Junclion
should he reverse biased. o iy constant for a given transistor, %o 1he actual collecior cument with
collecior jundtion reverse Diased and base open ciicwied 35 Besagnaned by | [Ta = 0.9, 1hen

. . . A OB
., = W . Sothe rransisor is not cut off. Thersfore, inthe CE mnff'guraunn ter cut of the
transistar, #6015 not syfficient, if 1 =11, The Emitter Bage Ienction must be reverse hipsced, 50 that
L. is equlcod) Sull [ well e be zero. bt will e ]m' Since Im is small, the 1ranziztor can be
reearded as al cot ut{
REvERSE COLLECTUR SATURATION CURRENT Lepa
1-_'|1u;.| 15 Jug W leakage current fiow ing not theough the junction. but around st. The collector current
in a transistar. when the emiler currem is zoro, is designated by L, |I‘_Hr}§ can he = IL'i.:-' Ir:t:l
collector reverse saturanian corrgml (W hen collector-base junclion is reverse biased)

Bary RaTin RES|STANCE
For g tranaisior oporating, in (he sateration region, saoeption resistanse for Common Emitier
conliguration iz af importange. 1 is denated by R oot H,:F’s {saturafion} or Ht's
¥y gt
o [
The cperatimg paint 1135 10 be specifed For Rﬁ.
Satyrgtion Vollags @

Manufaciurers specify this for a geven transistar. This is done inonumber ofways. B vaboe may
be given for different values of II or they iy 2upply (he ontpul and inpat charactetistic for the
trensistor ifself. V., (Sat) d':p'EI'ILhi epon the eperating point end also 1the semiconductor matenal,
end om ihe fype al transistor construgtion. Alloy junclion and epiiaxial transistors grve the lovwesi
values of "'.I'L.F. et juncLion trans istor vield the fighesi "-"L_.I_..

DC CuggesT GAIN [:!“
Hw i5 alzo designated as hFE (DM forward current trangter ratiod.

l,.
p- I.'.-.
I
Yo
L
].:-_ R,

r
Soif fis kiewn, 1= f—f\l

: 1 N . :
Therefrre, ﬁ givies the value of base qurrent to operate the fransistor in satwration region.

§ waries with IE, fior a given wransistor,
TEST FOR SATURATION
T know whether a frangisior 15 in saiueation or not,

TN

Ic
e for3]
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X ".-'F should ke positive for PNPteansistor and negative for NPM transistar. n
thenl'.‘..E configuration,

I,__'——{[B’rIE}
rr_'=_mﬁ+[r;n
| = L - L
L vl
“ L . wly
L= 1-x
0
Bat, . F=ia
LB
(-1} B
W wee peplace T by lcm.
T['=]¢'HLBK{B+I}+&;B

J'I.'-_I:]-|-I3I:'II:EII.'.I1rI3IB

Tranzistog is cut off whep I:_ =} ]1. =

Il:nn and ]ﬂ =- iL'E'D' Soat cul-off B~ 1.

THE HELATIONSHIF BETWEEN i AMD [

lE = Emitter Current
]H- = Base Currept
T. = Collector i urment

Since in a PNF transistor. | flows inta the transister. | and 1. Aow oul of the Iransisior.
The canwventiot is, currenis leaving the ransisior are taken as negaiive. -

1 - -l 1':]'
ne 1E+IH+IE—{J
or 1{.—- IE— Iu

. L
Bz - —=
IE

or For PN P transistor kg e convennion.

_||_
Sy
I
e
I o Ly
I
1) -,
(e 1}
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ar

P b

I [t~ Y.arge Signal Current Gain = h_

L
} o

The ¥xpression for Collector Correnl. I{ '

The current flowing in the cipguil, when F « B jopction e bett opet i

=1 and cobleeto is

reverse hiased, The magmludn nFI 15 large. Heroe the transasioe s nn-!l considercd b be cut

.

I'he; general expressiom tor | in the Bghive regir i groom iy,

Suhstituie cg. (21meg. (1]

wrhesre

L.=-el + Iu;'u-;u . .[l]
L= oo+l (2}
L=t P,
|¢11 -u] .1 In-l ltnm
|- n [ |pary
O e L I Y
R G (L R P
=Pl Ir_':-'rzn
| _ s
AT

i is the reverse collector ty emitter current when base is open.

[ Ep]

ReLariossnir Berwees I{_. po 1 [[_.H:||

(R ] P

. | LY

This ts.the rentral expression for I-::' in lemm of a lr wnd Py

Wy

[ =10, Cormmnp -Famditer { O F. }{‘nnﬁlguralinn.

K
l‘_, T |l= ~
.+ +1 =
r I F . . .
fn -0 { Since CT-B Junctiow is lell apen b
| ||_
I‘.L'\.:'_ "l u:_' o
g 8- b II.'H-IZI
Tema 1
[]_ﬁ} U } -(EFE
=(fir 1l

'LL'i.':' 'R
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[ Coimrnan Emitter Configuration, for WHEN ransistoe, holes inthe collector and shecimns in
the base are ihe motorily cartiors. Wleen cne hoele from the collecher s ingecied wia the hase, o
neutrilee this. the emaoner has 1o inject maoy more electrons, | hese excess clectrons which do
nor combine with the bele, wavel inta the colleciar resnfone in large current ence [ s [Rrge
compared %l wy Pihen b B junction is reverse hiased, the sminter junction is reduced and hence
L)y 15 reduged,

Fhercfore. the copressen for 3 gives the ratin ot chanoe in collector corrent '[Ir - ILH-IZ.I':I [}
the ircrease i base current from con ofF waloe 1 ko Lthe 1, Sea [+ 1 fearpe siprmed correst pain

af o Fransisior fa Contenigd Expiiter Configuraioe.
4.4.3 T ComMoy CoLLECTOR CONFIGLRATIONR [(L.0)

Here the [oad resistor F{I 15 cornected in che emitter ciccuit and not indhe collector circunl. Input
15 piven between base and proond. The drop eorose Botsell acts ws the blas For amaer base
purneten, The aperation at the cimeait simalar to Wil oECarmmon Enuttes Canfguration  When the
haze cunrenl is [ ¢ SMROIET e Will Te 7ern. %n o curnent Hows theeogh the load. Hese
current L, should e wrerewsed so thal smitier cgerent s some Bnite value and the [eansstor comes
ot af eut-ofif region.

i e Lol pee s ! - . [ !
Toput characieristics 15 vs % - Chutput churacteristios .ova ¥

The cicauit dengrann s showon in Fig. 405 Cag and e eliaracteristics are shown in Fig. 4.13
(h)and {z]

1k
T : .
Vep =¥
.'lH'\.H
l o v, T v
+| .
_'|' Var
1
6y —* i"'rm: (¥}
fa) Céirucui for C.C confiparation rh} Fapur characieriseios in OO configarafion
1 mA T
I, (mA) p— Ml L
.T_ ﬁ - [l]- = il LA
ff-"
ly 1.=0pa
—* V_ (V)

fep Ouipai characierisitos in O confiparation

Fig. 4.13
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The current gann in CC, "
Iv is delined as emitter current w0 the bose currem
IE
T -- r_a g
Eelationship berween "o’ atd ' :

|

=- 1 )
I:l: I [B | [c =1 IE" {]{. I IE] vl 31
Substituleeq. (1) meg. (L)
e 1
LT A R
i I
! el
drl_ o [ Lps _IE ]
Expression for ematter curment, lE'.
==l L. 1}
I, =, + 1) {2

Suhstitufe eq. (11meq. [

Ig = g ol 7 Lgs)

el -a) =T - Ta

=f I
1 - -
E 1 & 1

= vl e
|

] - —LRD
BO -
Where | is reverse emitter to collestor current when hase is apen.,

PaRaMETFRS
7 - = Emitter Efficiency
=i IE for PMF transistor.
A" ="Transpprtation factor

Li Mo, of holes reaching collector

) IFF. ) Mo, of hotes smitter

o —3mall signal sumrent ggin

I
__'_I-C;I:I._f!lj' a L
K
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o’ — % mall signal cumrent gain

_ A ql - ﬂ r .-
=gloal = Al e’ |
h = [i=large signal cureent gain
L.
- S faxd
I3
hH: = [~ Smallsignal ¢orrgnd gain
di Al
=_ % =k Ll
:'JIH Aly
[Lm = Heverse saturalion currcn.l when E-B junction is open circutted.
I'L'I:I = Marmal Reverse Saturation Cirent
.
1+ 0
r
fi = -

4.5 CONYENTION FOR TRANSISTORS AND DMGDHES
Two Ietters Followed by @ nomiher
Fit#d Letier :
A — Cedevices B Silicon devices C - G 85 deveces
D — Indwm Antimimede
Sccond Letler :
A — Delection dinde . B .2 Variahle capacitance device
. — Transistor for A F apphcation - [ — Power Transistor :
Y — Rectilying diode F: Transistor for R.F application
Example : AF 139 : Wis G transistor for RCF apphications Mo, 129 s design Number
BY 127 Adicrn reclifyipg dinde
Ok Syskem : Ledter “C07 indbcares vhat o o semcomd aetor device,
Beviond letler A For dicde, T for transiztor. AL for cener diode
OA S 10 semiconducior divde
CHC BT - i tramvsistor
OA Z 200 : zener diode

Priffens 4.1

Coven an MEM Transistor forwhech e, =045 [ =2mA. A camimon < mifter cannect 10 is used
and "n-"n. = 12V, R‘l =40 K What is the minimum Bbase corrgnt required in order that e
Cransisker enter ils saluration region? { Fie. 406 )
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ik
Sofeatherr
| v 4 ki)
| .i=aluratiomg - —= —"
t R‘I. .l.
o 3ma I
T R, — 12y
I; tsun } ﬁ
= ™ "‘“‘
Tiwen !B-;mlm A J_ T
Ll BT 'li.." 'B-
L 1.9% Ba
= — = ——— = 4 -
1 & | QD8 ]_ L
3 il
- = = Fig. 416 For Problems 4.1,
]Ha:lnn-u 39 111 mA ky
Lo This is 1he revisree saturatinn current in Lhe €35 junction dwe to minority carriers
when 1, =1l {in {’evalent Hond {Condignration when F - B, nois left open),
Y = . .
':-5.;:: [t is the collector corrent when 1) =4 ¢r when 1 - B junction iz ascillato
irguited in C.E configucation I.Frg 4.47)
Fig. 4. 17 Far Sroblem 4.1
Probfens 4.2

Show that the mliv of the hole w electren currents | 7] | crossing the emitter junclion of &

pop trangistor 15 proportions] to The Ao of e c:}nduclpnn of the p - 1vpe material 10 thas of the
m - bype matenal.

Folution
Lk
p R 1] )
Assime & *T is nwch smaller than 1 and ej‘rj" =l

Ae [ m .
[fo) - ——= [e* - -

[np{n} = Cumenl due 1o injection of electroms from e bise,

where I 7 The elecimn current compuneni of emimier cunfent,
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Since, the collector is reverss biased, \.-'f i5 Hegalive = [:'”‘-’ o I] )

¥ ' . -
If ﬁ N .3'1""“" is neglgible.
II- .
I “he Dpp, [t'-"":'”'" | [P g
. |:n:| - e | :
e e X
+A':"'Dp'pn:\- ey
= & — E''T =
I te) - - L
E | AeDpon, e'cttr l.n
Le W CAg Dnone"t T
e LyDufn
L w3 N,
o T ERER
!
n;
Bul P

o
o omex — and
ipa
h

‘JHI_F‘I.'IKE“[".I':“ﬂ_uﬂxn:.: o

n LY
- ey —
pa Fp -
n

= LB —
P MW € a

Substituting there two values in the abowe cquation we gel.

I£ _ LD m, el _Mne Ly Dy
e wIm aop,enl  Tup,  w o Dy
D O

But —= =L -y
-I"I'p n
e L, %

I|||.' W =

e
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FProbiem 4.1

Assoming thet 37 =h_and [} & h .. Show that
b

h
s

I'n:=

BT = Small Signat C E current eain =
[ = Large Sgnal C.E current gain =Th__
Kolution :

The relation between [§° and [ is,

, 4
A =B+ g, * gt Ay,

4 d o, D -
ﬁ - % . r:.H_; (Bfultiplying and Jividing by £1.)
Al
But R = ﬁ
., B
gl =R di;
But B =Pt B - 5

[ [l _[ICB-IL'I 'Hu}-'a%'] =

hye
[ =h,= ————s=— L Bahyg
=l + T} 3
dle

Froblym 4.4
ML, == L., Show thal
e — e - I_L' ﬂ
b, heg Al
Sofwrlon :

I1|__E ={i = T.args aignal current gain
=|!* = Xmall zipgnal curment gan
h, g pa
kil
B =Rty —
%

IL‘HU ts small, compared 1o L
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pro- e, 22
Eoal,
Ay
B —ha ';,[_;
fooly th £ Mee | H,.
'] H-. FE]: = N - re . :—l:
I'Ii.".m ST el hIE.LI al, Al = 3, e i
b - h Zh . ah,
LT Y A o E. .
hpy I . he Al { proved )
I-:'
o = =i
H{_
_J_'.ll._._!
1 !
L, |,
O —
1] =i
. .!...;H H |-F’r. v i
[T
+ . v W '
¥ 13
1 BB
I i
o

Fig 418 For Problem 4.4,

In the Fig. 4. 18 MNFN trapsistor in Commzn Emiter U onfipuration s shown, Inoondec pecor
off, 11 15 mot sullacient 10 1 s made 2ero. butthe © - B jenction should be reverse biased. Tee
FEVERFE SATRMNIGR currenr thal [s flaving even when I.ﬁ‘ = s caffed | [For a fransisor in
C.E conluguration 1o cut ofF, the condibion is

Vi T Ve Byl 20
This s vabid Nor 31 o Ce devices, Mote "n-'m__ shumlbd be neeative,

Probieem &5

CHNY

Thee reverse saturation cureemd of the Crermaniom franssur shown inthe Fig 40108, is 2 |.L.-1'Lr il PO
temperature of {250 and increases by a factor of 2 for cach iemperature increase of BT, The

ias ‘nf“ = 3%, Find the maxmmum allosable value u:rr'F':Fi iFthe Lrangiswr s o remain qut-ofl el a
temperatre of 75" 2.

Sedution :
. Q- _
l{'ED dl 250 = 2uA
It gets doubled for every 10 rise in remperature.
Therelure, [4_'|:u:| is @l 750
Iocreass o lwemperature is 75 - 35 = S0°C.
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o 8 7590 = 20 107 20 = 24 28 107 = A

IFY ), is <015 the trangistor will be al cor-nfl, singe V| < V . The eguation of leansisior
to ke al cut-ofT is

+1""HI-: _1":55' * K, !E'Eln SOOIV Wy = 3 Log S8ARA:

RH_' "n-m_.— AR

R I AT R Rﬂ

R +9 76,5k

B opd=I0t

Propiem 4.6
If VH = -1 W, and R~ A0KCE how high may the temperature inceease hefore the transistor
comes aqut of cul-off?
SiHurlon

As the termperatre mereases, condwction wkes place mibhe transivior. Bul because oFhigh value
of Rn- transistor remuins cul off till the temperiture increases thove w partioular value.

¥op~ ﬂ"-“J; F, -0k
P+ =107 =] .- Ol
: Lo, = 1By
I gy douibles tor every L rise in terperatire.
_‘.I_ -"'.:I' AT
- Mh=2=210 20 -0 or g T4 e
AT - 32%
Henee [ =25+ 32=47C

Frobien: 4,7
For {he transistng AF |14 connected 35 shown i Fig. 4.1%, deteomine the valwes of IH, J{_ and "."Hr_

giventhat ¥V . = - Q0N and V= - 1.214
-

.
KD

T 30 KL}

Fig 4.1% For Problem 4.7
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Sodution

PMP ransrstor cotlecior is reverse biased. E-B junction is open circuiled. S0 the cutrent flowing
is the mevense saturalion comrent.

VoV ot
e ST T e D RMm
—Y- g
BT MK
_e_q7]
- e~ 029 mA.

"H’BE - T""IBE - VCE =02+ 007 =014
Problem 4.8

If o = (L98, and "r’B =06 ¥, find B, an the cirguit shown in Fig. 420 an Emiler Corrent
IE =-2 mA, H:g]:cfr:wrsu saluration current.

Fip 4.8 For Prodlem 4.4,
Fefidion

[ is negative becawse it 1s NPM trinsigier, Saactuilly I is Oewing oul oliransistor. The conveitioh
I8 CUMENEs, entering into the tRansstor ae positive. E:ﬁ IIE 15 negative hece. Though there 15 no
sepacate bias for the emitter, the valtage drop between ematfer and ground isell pets ws the forsarnd

buas vilTage.
]l: =—Jm4 ; ]-.’.“ =-—a.l = DY8 & 2= 1% mA
!L_ I pUsilive sIce il ia entering into ransislor.
= {1 - o}t = (1 - D¥EH-2) = 40 pA
The voltage betWeen base unrl ground ""IHH =t ]:E - and (considering only magnitude )
‘H’EE— 1 0.6 :]I =2mA: RE- | (W12
in‘l =06+ 0= 0RY

"-"3" is= VBE'
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l,.= 1]{"‘“‘ = _znﬂi = b
Jli':l - |II + IR2 = 4+ A0 - BOpA
IH‘__ - IF, . II_.; IP, - BluA :
Ik_— 1.9,
IR‘_. =B A 19 mA - DO
Vi = Ver Voo Vpoo 12 (200 13F DE- 447V
R = "-"_H = 347 = 6K
. 1 LIRSS

Proflom 4 9

Shovw that G an WP s licon rees ior of e aliey uonction repee . inwbngh 1he resistieily Py, of the
bare s priuch larger deaw that of te callector. 1he veltape Vg given iy

.34 107 W

v i |
where i, i5 in £F --cm and base width W in geilfs,
Yo L)

[ _ 12 .
S Semelm M gt DO
p - S eV . e
. I . . 3 b
The expesnn i W =23 B
e,
where e - 1236 = 10" Fiem

I MP* transision the base 15 P 1vpe.
qa,cd, fhase )

La vLofMo=
Tl g M = -

‘o —---1 ".-'H iy cailed whe Barrgr Podenliat of Ccmget Moseatinl.

Skt fute e walne af - 'Nq in the expreszion lor "JH.
Vo= W
B e p
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]
—
— ['em.

Substitime che wikue of & of Silcon as T
LR

CngL: W isinmills

1ol ~ ¢ ons thousand of en inch )

I
1410 ™
Taeonver 1 his w el neters, muluply by 2.43

. Bactier Potenuial,

P 52
. ; I
‘F‘I"E{I'I'II”E]K{:.j*F}' =| - :
_ L1404

Y EPTE I
anmxld! ¥ —ser
M, = SO ame AV - aee = M nbilicy of Holes

P

-“lll
A A T
g

Problem 4,118

A tramsistor layving o — 0.9 15 placed inCommon Base Configoration with & load resistance of
3 KL IFthe eroimer b hase junction resistange is 802, find the valwes of amplifier cureent, valtage
and power gain,

Yo .
.,?E ko~ C

Fig 421 For Prablem 418
Nofuipn

. l-
A, = current pain — ot 094

F
erl_
l,ﬁ, =
L
Na.3zin .
B

Foower Crain AI, = ’ﬂ"..' A AI =d4lb = Q96 =357 A
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Problem & 17
If a tramsislur, with @ = 096G and ematler 0 bese nesistance 8061 05 placed in Common Eminer
Comfiguration, find & & and A .
(s F
Solrrion
AT
| JB
]
= -
.96
=== =
1-101 34
—{!R.
Ay=
for
C Mx15x107 o= _ _ " =
=T 22300 A=A wA =24 = 12 300= 340,000,

Probiem: 4.72

A I:r.mSiSIIIJ.r:is operared aa fomwacd current of 2003 and with the collector apen ciremted . Calculate
tlh;dl;n;:;lnﬂ:nil;g;g "l.-’l_ and Vl_, the collcetor to emitter wollage "u'(_l__ AssLmHng Im =2uh, Im =
Safcaion

l.=10  Sincetiollecior lonation s open curcoited.

L .
|- ]LI|:F'I.'".' ¥, _ ].:|

¥

i
_ ny.
le = T {‘-‘ “J
[ X

R

[ ne A [

Lo = °© ' lore™ =)+ L

Lk Meis

1'.-'. _|'. J " ] T
—Ir:"=.|'niil+—r'] ‘l."r._'"n-"l.’[e'nll-E—l
¥y R R, L e S

¥ =40 1353

b
vfuu.rrn.(1+i|
Lo log

- II'IlT m[t_ﬂ_lllJ
Lk
-~ 0179V
Vo=V -V =—0406 V
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Problem 4,13

A load draws cumrent vacying Erome 10 e [0 mA a6 & nomimal vohage of 1008 A repulater
wonsists of Fl'. - 2000 and zener diode rt:pr-:sannlcd by 100 Y, cusd R - 2001 TFuerl - 30 mA.

Cetermine 1mrl.x[n.'.un in Y comesponding te e | %4 vanation in "-"

Jofuiion

The zener digde s reprezented by oovoliage sodree with i1, Vo gan van with i 1 % so what is the
allpwable range we which ¥ can be permabied 1 vary 7 In whder 1hal I|I|'.‘ zener dinde 15 sperared
pear 1 breakdowrn reinn, hee & Lrrent thrcugh rhe rener digde is nperated wear the breakdawn
regioer. the correant throueh the zemer chould be al lezs 003 tines the ol eurmang
R, '.

R T .*
T :mmT : 1t “f“w

| |

l f - b
Fig .22 For Problem 4. 13
I.i':mm =1 {Ierm.} I'Iu'.n = mA.
I.i: =1 == 10mA.
"'-"L -V, + la“z
o4 O = 20— L0 2
1""! =l""rl ' “I T];] H"E
= Q02 - (005 + 00206

= [[2 7 ".."I = Tk 3%
1% incease s Vo= | Y
'»'I* =mzr=0 - 1012
| REpgTqe, T 110 glse ol
W
I£‘ |!- _ % "3
r k.
CIGLI -1
KLt
12
REETTIT: =0 (5A

“Fotel Cvrent =003 006 07 A
Tutad Voltage "-"I - "'.-'z L F'.S ® {]i’. + ll_]
= 1072 M0 = (05 0 0.08)
V=123V Change in ¥ - 122.2% N2V - 11¥
A r;lmngr of 1Y in "n" iy he input side produces a chang [_u ol BY onohe ampur side dug o
Zener dwde notion.
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4.6 FIELT EFFECT TRANSISTOR (FET)
I'he Field Effect Trangistor is @ seanicondector device which depeads for its pperation on the
cotiatral of current by an elecinic ficld. Hence, the name FET.
There ure tw lppey FFET) :
1. Menction Field Bt Transiséor (JFET 1or simply FET.
2. Mmzented Cate Field Effect Transistor LGFET, Lt 13 also called os Metal Oxide
Semigonrducrer (MOSE) hiansistor or MOST or MOSFET.
I'he prenciple of aperations ot 1these doviees. their charackeristic arc geven in this chapter.
Avvantupey wf FET vver BIT rFronsicting
1. SFET as mipedan device, Ws aperanon depends wpon (e Mo of majority catmers
anly. Yacuun tube iz another example of unipolar device. Becanse the guerent

depends upon the Tow of @lectrons emitted rom cathode. Transistnr is 8 hipolar
desice Sarecombindnion oaise 15 more,

& JFET has high input resstance (ML) BIT {Trangistar} has less inpud resistange.
S leading effect will be there.,
1, W hay eeod dhermal s1ability

4. Lessnorsy than a wibe eriransistor. Becawse IFE T is onipolar, recombination norse
i less.

'

I is refatively immune 10 cadialion.

&. II'ET can be used a5 a symmelrical bilateral switch.
T By means ofsmall sharge stored cr interal capasitance. i acls s 2 ety Jevice.
% I simpler o tabricate and oceopies less space i 10 torm. %o packing density
1z high.
Disacdvanroge
1. Small gain - handwadth prodmeg
4.6.} JFET-

There are rwo [yvpes:
I. n-channet ITET.
1. p-channet FTET.
[F i1« fype semmcondustsor bar is used g 35 a - ¢hanncl JFET.
Lf - type sermconductor bar is osed ot 15 p - channel JFET.

Lemic contacts are made foothe v 2ads of A semigondactors hat of n-type or p-bvpe
seariigandig e, Cirrent i3 caused 1o Now afong the length of the bar, bocause of Ow voltape
supphy connected hetween the ends. I it is - channel JFET, the current is dwe 1o elecirons only
and 1f it is p-channel IFET. the cumrent is due 13 hobes anly,

The three lead ol the device wre B Gare X, Drain 3. Source. They arc similar o L Base
I Collectos 30 Fmiticr of BIT respoctively.
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4.8.2 n-Channel JFET
The arrone mark af the gate indicates the direction of current of the

Cipte source junction iz Forward bizsed. A D
LIn hoth sides of the o - tvpe bar beavily doped {p*™} rexiun
L‘

af aeoeptor impuritics have been formed by alloving on diffusion. i
These reons are salled as Gates. Berwoon the gatc angd saurce

avollage ¥ isapplied in the dirsction 1o reverse bias G pea Junctvon.  Fig # 27 (aechannel JFET
p-Chanazl FFET

The syinbol for pechawnel FET 5 gisven in Fig. .24, The sernisandiss i

bar is p-lype or soureg is p-iype. Crale is heavily deped n-ropion.

If 3-8 junction is Farward biased, electrons from gate will trawel

towards source. Hence, the conventronal comaent flows coide. S, -
The armrw matk is as shown e Fig. 4.24. Tadicanng the direction of
current, if -5 junclion % forward biascd. q

The FET has thres terminaks, Source, dram and tate.
Saiirce Fig .24 (p-cleaunel JFET)

The soucce 5 08 the werminal 1hreugh which the magorily carmees enter the bar (Fig. 4.25)
Conventionel curmrent eniering tie bar at & 15 deooled as 15-

p - 1ype {iate

n - e clanmel

| |
Saurce 5 Dramn I

Al P p - type Giate
Fiy 4.2% Siruciure of JFET.

Drain

The drain D is the wrminal through wlich the majority camiers leave the bar. Comrenl ewtering

the bar of D is dewignated by L. Vg 15 posilive if D iy more posifive than 5, source iz Brwind bhased,

Crafe

[0 1k case of n - channel FET. on both sides of the bar heavily doped {p 1Y region of accepror
impuritics hiave been formed by diffusion or other techmiques.  The impuny regions form as
Gate. Both these region (p repions) are joincd and a lead is taken out. which s called as the
pate lead of the FET. Hetween the gate and source, a voltape ¥ .. 15 applicd 5o as w reverse
bias the gate source pn junctien. Becawse of ikis reasor JEET has high inpei impedonce.
fr BIT Emiticr Base junction is forward biased Yo it fras fesx 2. Coment entering the bar
et {i 15 designated as L

CHANNEL

The reginn hatween the b gale regiong is the channe| through wihich the siagority carmers move
frodin source fo drpin. By controlling the reverss Bias valtage applied (o the gate solree jutction
the channel wadth and heoce the cument Sam B controlled.
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4.7 FET STRLUCTURE
FT.T will hove gate junction en both sides of the silicon bar (a5 shrwn i Fig. 4.26).

- e—e . — e —. |
1
— -
I pintiy i Claegme -
Réutik I". Tiryln
Pl I L
-‘-\_\_\__\- \
_—
-
"r.n ‘
-I-I | .
|
- 11
e — . o

"‘.|n

Fip &2 JFET siructure.

But it iz difTeculd to diffirse srmgpunities o buth sides of the waler. Suile normal struclore
1hat 15 adupred is, 4 p-lvpe matenal is 1eken as subsirate.  hen n-type channel is epitaxially
grown. A p-lvpe pare is then diffused inwn the n-type channel. The region berween the ditfused
p-lype impurity and the soorce acks 85 the drain.

b (&) =  Actudl channel width, at uny Source
gt i, the spacini betyaeen Drain Gate
the depletion regions at any TS ,
poctit X fromn source €nd _ oy 7

recuuss the spacing betwesn
the depletion regions is not

i
Ll % 7
aeifom, it 15 less towards the Jﬁ% ,%.r’“ !
o
P

drain and mare tovards e
source (see Fig 4277 2b
depends upon the value
Chanwel width, the spacing Fig 4.27 Structure

betsegen the doped regivns of the gng friom both sides. This is the chanme] widih
when V. — 0 (and e maimumn value of charnel width).

4.7.1 Tur ON RESISTANCE Mps {ON)

Suppose & small vollage Yo os applicd Belween drain and source, the resoling small dramn cumrend
(p will nit have moch ¢ffect on the chaonel profile. 5o the sffective chaonel cross section A
can he assumied 1o be gonstant, throughout its length.

: A=Thw
Where, 2b = Channe| widili comresponding tor2oro I (Dhistanee betwoen (he spacc
charge Tegions)
w = Channe| dimension perpendizular to b

kA
=3
Il
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. Expressions for,
= A e Myp e,
f=ne. p. el =0e 0=z}
l=a~],
Rut A=2b(x}, w
Coneidering b along x-axis, since *b* depends ypan the voltage ¥, . bix) is L wdih
at ny poinl 'k
' Iy =2b (x} w. g Wy .on,

(L

£ = ?‘5 . L s the length of the channel
{Electeie field strength depends upoa Ve Channel width 2b depends upon Vo)

I, = 2b () w. g Np . K, E!i!t

Thiz expression s valid m the limeoar ceen only. This 15 the linear reeion, R behiaves hks

a resistance, where ohmic resistance depends wpon Voo Vg £ I is called as the O drain

FEFHIANCE OT K 35,0 ON Becavse, JFET is conducting, im the chac regions when ¥ -, is smal|
and channel aref A = 1a.w,

Tosiun) = 1./2 bx] wq HD 1
rogjan Wil be lew £ to several 100 L2

Becauss, the mohility of elecirons is much higher than that for holes, Tosiem is small for
A-channel FETs compared o p-chammel FETz.

4.7.2 PINCH OFF REGION

The voltage ¥ e at wdiich, the dram comrent Ip tends o level ol is called the péach off veltage.
When the value of Vg s large, the electric field kit appears aleng the x-axis, e, along the
channct &, will alse E-c more.  When the valoe of Iy, is more, the drain end of the pete Qe
the gale regicn near the drain is miore reverse biased than the source end.  Becawse, the drain
i5 at meverse potential, for n-channel FET, seurce is medype, drain is n-oype amd positive voltage
15 applied §or the drnn, zile 15 also ceverse biased. Therelore, the drop across the channe! adds
bor tlhe reverse bias voltage of the gate. Therefore, channe] sacrows more near the dram region
and less near the sovrce region. 5o, the Boundaries of the depletion region are not parallzl when
Vg i3 labge and henca o, iz large

Ag Wpe increases, £, and I increase, whereis the channel width bix) narrows
{- depletion region increases). Therefore the gyrment density J = I f 2b(x}) w increases,
If complete pinch off were io lake place b = {I. But this cannot hoppen, hecause il b were
be 0, J - ap which carnot phivsically happen.

Mobalily e is 2 funclion ol eleciric Beld inlensity o remidins consdant for low electric Nelds
when B < 10HY/ em.

[ ;
TR N when g_is 10 to |0 Yiem (for moderate tields}.

T/ A for very hiph field steangib = 187 Wiam,
E

L
II_'_I = Eh“'E ND "'I'n E:..



Transisior Uhorocrerisiios 217

As Y. Increases, £ increases bot podecreases, b almost remains constant. Theeetore
I, rerins constant in the pinch aff egion
Finch oft wollape (%, or Vo0 s the wolage at which the dram curent [, Jevels ofl

When Voo — 0% f Voo — - LY, the voltage al which the torrent |, levels off decreases,
| s is not pinch cft soliage). IEY o0 s large — 5 Vo af which the cument levels ofl may
be rero So the relationship hetwesn Voo oo g V. 05

Vi - ¥ep t ¥ Y, 18 positive w-channel FET.
Vi = P indicates pinch o vodage. 2erme indicate the voliage when W, = 0V
W ia the voltage ar whivh The cumem by levels off {>ee Fig. 428}

L
) 1P mA b
II:I“I""' I. ........... ;
b :
-1
A e — T
| .
—'._'_-._-
S S |
N -
I3 5=y ¥

Fig 4.28 JSFET draim characieristicy,

4. 7.3 EXPRESSIN Fag Pracn ors Youracr, ¥
et Charge i an alloy pumction, awusl be the same,
sentconduclur Temams meotral.
tM, wp e N .ow,
Il Ny, 2> My, from the above 2q. w, << w,
The reiation bebween patential and charge densicy {p)
i5 given by Poisson's equalion,

Y edg

i’ =
Weocan neplec W and awgstime that the encire
varceer potential Vo, appears across the mmcreased
Juekier jan . |:.."--.'|:I = chareg Joisite P

wl
| —_— X

liigo gt = M Mg . Fig 4.29 Charge deasity varkifion
T. Hrl :‘«2 II‘ l 1 1_.1

At the beuntdary conditivons. x — w Fig 4.30 Qracinre
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w, = depletiem region wadth

E.N:. a
Voo v
2e¥]?
ar H-'"= ¢
aMg |

This is the expression oc 1he peteiraian of depletion region inwo the channed. As the reverss
Mas ponential bevween Gate anddrain imcreased, the chanmel widih nanmrews or the depletion regmon
penertates inte the channel, Therefore the geoeral expression for the spacecharge width
W (X = win)

win} = H AR }}}

V= Viltage hetwoen drain and source Yoy
w = Penefration of depletion region into (he chaanegl,

Where ¥V = W — W{x); ¥ o0m (he eontect poteanial ar § and ¥ 1s the applied potetitial
across space charge rogion at x and {5 negetive for a applicd potenoal, This potential (berwesn
and 5} is nod uniform throughour ¢he channel, The potentiel is higher pear the drain avd decrenses
Lowards the sourge. The depleo segion is rove coawsrds the drain and decrsise (owards Die soume,

Vo= W, - VI
The actual potential is the difTerswce of ¥, and ¥ix).

£ — Dielecine constent of channel material

wix) — a Hx}—'{ niﬂ. vﬁﬂJH k1)

a — biz) = Penetrubion w{z)of depletion region into channel al & painl
% along the channel from one side of gale egion only.
2a = Todal width berween e two gate diffusions.
Ibir] = BPapleticn region width beewesn the twa sides of the gate
Tegions.
IT 1 =1, bz} is indenendent of @ and it will be wniform thronghout the channe] and wifl
be equal to 'B. ¥y will be much smaller than Viz).

If in eguation {1}, we substitule b{n) — b ~ 0, neglect ¥, and sulve for ¥ we abdain the
pinch alf vollage. Pevauze al pinch off. the tvo depletion regions frome bnth sides mest each
other, therefore the spacing between them bixd = 0

Therefore, w atl pinch off, ¥y, neglected, b =0,

e &
" = Y
W {e‘Nn }
e

o w3=m; \"P
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485 FET OPERATION

IFa pen Juniction 18 reverse biased, the majorny cerriers

will mowve wway from the junction. That is hales an the space charge
p-side will move away from Lhe junction leaving negative \ ﬁ .
charge or negalive ions an the p-side (becavse each alom . —
iz deprived of a hole or ap electron fls the hole. Soit o ni1
becoties negative by chuarge). Similacly, electrons on the , — '_: =+ :

n-gide will move away from Lhe junclion lzaving pogitive
wons nedr the junction. Thus, there exisis space charge
on both cides of the junction in a reverse hiased pea I
junciinn dinde. 5o, the electric field intensity, the lines

of force qriginate from the positive charge region Lo the . ;
negative charge region. This is the seutce of voltage drop Fig 4.3 s!rm",ﬂm wpn
acrss the juncrion. Ag the peverse Bias actoss the junctivn JHREHET.

mereases, the space chargs region alsa mereases. ot the region of immaobi e uncovered charges
inereAases (1.8, negalive repion on p-side and puositive replen on n-side inceoases as shown
m Fig. 4.31). The conductivity of this region is usvally zere orvery small. MWow in g FET,
between gate and souree, a reverse bias is applied. Theraforg the zhannel widil is control led
by the reverse bias applied between gate and source. Space charge regin gxists near the
gate region on hoth sides. The space berween them is the channe|, IF the reverse biag is
increased, the channel width decreases, Therefore, For a fixed drdim 1o seurce vollage the
dram curkent will Be 3 function of the eeverse Basimg vollage across the gunclion. Train
iz at positive potential (for n-type FET). Therelore, electrons tend to move fwards drain
from the spurce (1) Because, source is ab negative podential, they tond to move towards
the drain. Hut because of the reverse hiss applied 0 the pgate, there is daplefinn region
of nagative charge region nenr fle gate which resiticts the nymber of electrons reashing
the drain. Therefore the drain cwrrent also depends upan fhe reverse hias valtage agrass
tee gane juwcoien, The ferm field effect is used w0 deseribe this device Because the meclhanizhy
of curcent conitral (s the effect of the exténsions, with incredse reverse bigs of the held
associdted with region af oncovered churges

The characlenstics of n<haonel FET between Ly, the drain current and ¥ o the drein
sowrce voltage are as shown in Fig. 432, For different valoes of W .

10 ti5W U
L |
IT!-_'"""'T BEEY E

1L8%

0%
—* ¥_. ¥hits

Fip 4.3 Droln charecierixtics

‘Fo explain these charactenstics, suppose Voo =L When Vo =i, 15 = 0, because the
channel is entirely open, When 2 small ¥ is applied {source is g ard bmsed or fepafive
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volrage - appligd fom-mepe sagg ). the nsCv g bar acis a5 3 simple zemicandcrer resisoor and
v Ty inereises [ineanly wath V. With inereasing curremn. the ahmic vwohage dnop between the
sonree and the<hannelregion reverse beases e junction ai.d The cowdsctn e parmon of the chanmea|
hegens Lo comstrict,  Thecawse, the source eels reverse higsed o the geganive potendial at the
n-fvpe source cedeces. Decause of the ohmoe drop. iloos the Jeacti of the ciraneel it s2lf e
cunsinictions is nol unilerm. but 15 wnore prewsearced at dislionces Tarthes [com the soures. e
thie channel width is nareow a1 the drain and wide at 1be susrze. Finalls, te corrent will remai
comstant at a particular valpe and 1he comespnnding nlapee il whick the cument begins W level
ift is galled a5 the pigef off waligee. Bal the ehannel cannor b closedrsn completely end
theie Dy meduciog the value of Py oooceros Beciose e psequited reeerse bias will poc be thene,

Mow it & pate wnltage V.. i applied in a diieeting o eeverse bias the pate source
qunetiam, pinsh off will occur G sosalber values af 1% b and the maximum drain current
will b genanllen compired toowhew ¥, (- O TPV, s weade - L3V, the gate source junction
 [orwwrd biased. Bt at thes colispe, the gule curment will be very small because tor 51 FET.
3V is just aquad tn or legs tham the cut in waltage. Therefore, the characieristic for
Wiy = 0 LAY walue will be Lomparotieely lareen (cunpried oV = 0% or - 0.5%). Finch
oft will acvur garly

FET charmeierztivs ale similar 1o Mar of a pentiode, i vacuuo tahes.

The maximim wolrage ot con he applied Between any toqo i2rminals of the FET 15 the
lowest woltage that @it camse avalapche breakdown, across the gate joaction. From the FET
characteraglivs it o be abgerved thal, as the reserse bias veltage far the pate source juncbon
i dnerenged, avalanche heeahdrmam acearg early ar fol o lower value ot V.. This it hecause.
the reveroe B gate source villape adds 10 Me deaan voltage becanse drain though n-1ype (for
n-chapnel FETY o posiiave voltage is applied 1o if. Theetfere, the effcctive wiltage Retoss the
il junchion (% moreased.

For n-channel TET, the pate o5 p-tvpe. source and drean are n-Lvpe. The sonme shauld
b forward-biased, so nogative viltags a5 applicd. Praitve viliage is applicd te the dran. Geee
source fumcifen shoold be reverse Divsed, and e is petvps. Thepefore, voliage or nogative
vollage is applied v the gate. Therelore, n-chanpel TET 15 exactly similar 1o 3 Vacuum Tuhbe
(Tricde). Drain 35 similar to anede (a1 positive potential}, source e cathode and gate 10 gead,
(But the characteristics arc similar to pentodet.

For p-channel FET. gate i n-fype. and postive vohape is apphed. dram e al negiive
potenial with respect 10 aource.

Consider n-channel FET. The source and druin are n-type and p-lype gate 5 diffused
from both sides of the bar §See Fig. 4.13 balow),

ialg

L P
n - vype channz|

Suource & Dt D

[ » ]

Fip £ 31 Sirewture af n-chanaed FET
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Supnose sonrce and gate are ar geoond parential aad =mall pesitive voltage s appleed
o The drarn. Source d5 n-type. ooy FBorward biased. Beeawse dean is sl posiive potential,
eleatrons from the srsece will Move foswards the dimn, Neglipible curment Mows beteeen source
amd wate o g 3wl drvn, since 1bese pon junctions are reverse biased ond so the current s
Uee 10 minoTily carriers only, Becawse pate s beavily doped, the currend between % and G or
U and D gan be neplected. The currert Aow e o source to drain 1), depends on the potential
botween source und drin. ¥, reseitance of Be n-matcnal anothe channgl borgeen dovin o
source. This resistance 15 a Function of the doping of the wematersal amd 1he clamie] wadih:
lengih and 1hickness

%0 s inereased . e reners bigs vollioge T the gale drain junction s increased, simce.
deann im -1y aml prsilive voltape ol Jrain s imseased  Fhis probdem is sirmilac te it of a
reverst bidsed p-n jurction diode,

|'E" ! .?l
T 1 T 1 4
- |= ! 1 1 =+
—:pl 1 1 h:+
b 1 1 1 il o
v

Fig 4.34 Reverse hiaxed €r - D jnnciions

Concider a pen junctinn which is ieverse biased  The hesles on the peside remin near
1he negative termingl and electiops o the n-side reagh pear 1he posttive termingd 45 slown in
Fig 4 14 These ate wormnelile chiarees ngar e juaetiog 5o we call this as 1he depletion region
since 1 15 deplered of mobile carriers o clhnees, A 1€ reverse voliaas s increased. the Jepletion
rewicn width *F e reases,

This rgenull s dirgg1ly applicably fur JFCT The depletine region estends moce towards
driin bycawse poings elosg to Hig drain aee an highee positve sallage compared 190 podans cloge
to sirgg S0 1he depleton megio s nal uniform ¥, < ¥, Bul edends maee tovards drain
than scuree Yo, s The pinch ofT vollge.

As YL 18 moreased. depleton resgon s increased (shaded porinn). So channel widih
decrcases and channel resistance mcreases. Therefore. 1he rate at which I, intreases rednces,
eventhough there is prsilive prendial for the elegirons al the dran and henge they 4end 10 move
Towal s 1he drsin amd comvgpdianal current Mows as showwn by che arvaw nark, i the Fig 433

(i .llrmf

Soures

Fip 43§
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H"Ihfﬂ F.f.l'-';-' - Fm

When Vg 15 further ikcteased, the depbetion negian an each side of 1he channel join togeiher as
shown in Figd 36, The correiponding Voo iv calted ay Vpp, tle ginch off vedtoge, hecause
il pinclies off the chaomed cornection betwesn drain and source.

Liale

Drain

IJT {441: ’L

Fig. 4.36

When \-’us = 1"'.!‘{.'!

MYy is further imercased, the deplevian cegion thickens, Sothe resistivily of the channel increages.
Hecaure drain is at mare positive potential, more ehectrons iend 10 mave traeards the drain, Hence
|p should inercase. Hut, bocanse channel resislanee inercasgs, 1, decreases Therctore, the net
reswlt a5 [ devels off, lar any ¥ above Yy,
I = ¥us
[
s

I the limear region, cpy is almost constanl. 5o 45 ¥ e i@ inereased. Ip ieereases. When
e tweo chunmels meet, 85 Y inersses e alse increwses. So 1, remains constant(Sea Fie. 4373

liarc

:Jr G T
T
Fip 4.37 Deplecian region width variation in JFET

4.9 JFET YOLT-AMPERE CHARACTERISTICS

Suppose the applied valtape Ve % small. The resultimg small drain corren 1, will moq have
appreciable efect on the channel profile. Therefore, the chaonel cross-section & can be assumed
lo be constunt throupebout, s length.

_wa

‘n"r'her-t 2k 33 1he chaune! width corresponding @ negligible drsin Sucrem and v i3 clidnnel
dirmension perpendicular te the b direvtion.
L [|-_, = Ag ND Bo
A=2b w
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Vo
- 125
L
Ve
= dbiee . N, |, . % Al
Wiere Lots the length of the channel. Eliminanng ‘b° which s unkeowa.
¢ bT
V.= 1-—-| w
O3 . i r
- - " yr l'
||_E| ) | fiﬁ]
Loal LU Ye
i L ¥
LI \l"-
Vi
h=a 1.||.'II _I

.

Ruhstituting, this valuc in oquation i),

[

duweMN g il_:r.""-l:i!i
O - L 1 1'!'.!:. 4

This is the expression for I, i terms of ¥, V. and V. hecansg the value of bois nat
direcily known,

!
I Wing

, ﬁ.HD
Vi = A w!
-a4 bix
{l, ut pinch o,

a = Lhe zpacing betwesn the two mate dopings.

r—— ;:h:..
‘ r - =h
|1|!'P- = o ﬂ?“

Wy vontrods the width of the depletion reégion {2 b) becewse Tor a given ¥, 85 ¥,
mcreases, the reverse potential between drain and poie increase. Therefore, deplelion remon
width inercases.

EXTRESSION FOR Y

D,

[ FEY
g%’
Vo=
2e
We can get the expression for Voo if we replace « by [a - Bpand ¥ by Vo
. e.Mp{a - b)Y
Vg = — =

=
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T T
EL”. !1~'I|.l| - a, _rll A
*
shy %
2% H.'.
Substitmting this ik expression for %,
. 1"-rl' 5
Vo = Jra—h

Channel width 15 eontrolled by Yoo A Voo increases. channel width reduces )
Therefore. chanme| width i controlled by ¥, and depletion repion width & 3,

Vo= t'] X,

ROy

THE NX KESISTASCE P dy {Oiv)
When ¥, 1z small. the FLT bzhaves like an ahmic resislonce ahase value e determined by 5

k) 1
The ratia Sl g Farcts: y
IL~| " ' T
Ip = Ztwe Ny, - B[.j.i s |-
.‘r'-|'|5_ I.-
hs o o L EE— i — ¥
I, dnwe T Hp Tusrra) "

Fip £ 38 Draime characreristics
4.1l TRANSFER (CHARACTFERISTICE OF FET

lys~ The saturation value nf the drain current or the value at which 1, remain
comsant.

Ipey = “Tho saturation valiae efthe drain currant when pate is shorted toesoorce that
i W =1l
It is found that the transter <haracterislies giving the relalionship boven |yg and Ve, i
be approsimated by parabaola.

- A

PO TR
£ bass v,
Traesfer claracte netis Tellnws the egquation. 1 vy, L
T
b= O o), -2
b= Mo u%sﬁ:t W, o, s

With neghgible [, bocanse 1 i the leakage gate cunvan between O and 5 when L i
shored, o S5 will be of the arder of nana amgers, 30 i can be neg leoted.
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-
- -
v 1

T
Y

=

-

This % i3 ¥ gy 06 not ¥, hecatse when ¥ = Vo 3 =1

I

lyny; = The saluration value of drain current when gate is shored (o zource or
T
Fhe transfer ¢haracteristcs can be derived Grom 1he degin charasierisojcs.

1|‘|I

d

1I'I‘|."

LA T

1
Fig 437 Drain gud Uare characiericlics of JEET,

To conetruat transfor ¢laracteriglics, a conslant value of W [ is sglected. Mormally this
iz chozen in the saburation region, becanse the chamcieniztics are flal, The imersegtiong of the
vertical line abed gives a partgualae valoe of [ for differeny values of Y. 59 1he mransfo
characteristics betneen | and ¥ con be drawn.

If the end poimls ¥y end |, #re known, a fransfer churacienstics [or the device can
be constructecd.

Hers "r" 15 mgain colled the pirch off vedtage or Voo, voltage. This is Lhe volluge
belween pate un-;l source for which ],:, becomes zero. As the reverse potential between G and
Y imcreases, depletinm regien wadth inzreases. ¥o channel widih doceeases. For some value of
Ve s hanngl pinchos off o Fr practically becomes zero (It cannet W gactly &eno bt few nana
- amps). 5o this gate sounce volipe at which [, becomes 2ere 15 also called as pmeh off wol e
of ¥y ¥ollage. This pinch off volage is different from . voltape at which | levels ol
Since ?Iu: latter cose L, = not zerg, bul channed width becemes zero and chunme| penches
ofl. This chunnel widih iv mede rece ether by controlling %, ar ¥, Hence there are two
t_','p-ﬁ of pinch of voltapes. The spegiticd pinch ol voliage "|."r| ﬂ::-r a grven FET ean ho known
it s due 19 Vs vr ¥og freen Lhe polarily of the vobiage Yo Fur n-channel FET, ¥ 13
n:bntwc (EIMCE gate |5 p-lype. -5 junclion Is ceverse hlascd:l \-'Fr'n s positive. IFthe 5|:I-L‘4.-I|_Ld
"-.-'F 15 =34, {zay) that it 15 due to V.., booaese Yo is negotive. [0V, is positive, it is
g in 1"'I'.Ih. al which Iy lewels o]

4.10.1 FET Bras5in FOR ZERD DRirT CURRENT

Az Temperature §T) increases, Mobility () decrsases o censtint Electne Tield (&) therefors
Iu incTeasces. As T increases depletion region width decreascs. 5o gonductivily 47 of the channel
increages, 1, alsn neredses,

Mo decreases by 0.7 % per degrec senfigrade.
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|, increase at a raes of 2.2 mV: N change in W Therefnre change in ¥, = 22 my A

.],

Forzeco drifl current,

DHIT [Ny = o022 p

1
ar Z=n34v
Em
ar Vol Vel =0.63V] T, T 4T,
4
o=l [|_ vl.'r':-i\ll
os = ioes] T Ty
i k r
V. —
suu = Eﬂlu [ 1'::'5- o=
rA Flg 440 Blasing for 2ern drift currenl,
_ Z3nss
B = 1,'r|1

£.14 Prabicm
Bhesivm the hiag gircoit for zoeo drain gurrent drift, for 2 FET having the following panliculars
Vo=-1Vig = lAmAY
lpgs = 173 mA iF Ry =3kid
{a) Find [, tor rerg dritt cummem.

{B) ¥y
{c) Ry
{d) Voltage gain with R, bypasscd with & large capacitance,
Solegion
For 2= drift cutrent,
¥l =¥ g5l =053
"-"p = -3y
Yoo = Y- 063
v d
¥,
{a} R ~ .08 mA
L p
by Ve = -3 -6 ~- 363 Y
-~ Yoy _ A3 .
(o) Rg= T = K 008 ma 473 L2
|V - ¥
(d) B ” gnn}l ':-'il Bl = 03178 mASfY
)

A =p, R, =14
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Iy ahmie . saturation : hrepk dowmp
region | FEgiun | region
T . I
] . - 1
_‘/"‘{'{' LU
| | '
mi [ | -
: ol
1 '
oL
' oAy
1 e
L —_— ¥

Fig 4.41 Drain characteristics,

The draam cinvewt [, screises rapidly as ¥V, mereases, owards Yo, Above ¥pp,
The corrent tends 1 lewel off al lp, and then rises slowls, When V- — Dreakdewn voliaps
BV .. beeakduwn {avalaeche) sccurs and the current rises capidly. Current tevels off becanse
8% % inCredses, resistnee of the channel also rises. Therefore, | remains constant. As Y

meredses, Boingreases. therelon "",a’k = constant The region before Vo 08 called shmic region

because clms law 15 obeved (see Fig.d. 4100 Just as a ponjunction breakdows when reverse
vnlage is vory high FET alse heeak down if Wi, ishish due o hagh slectric fisld.

Suppose Vg, 15 Hixed and Vo Qs vared. A5V, o0 made negutive, po junction is reversé
hiased pmd depletion region betsoen pate amd souree ingrcases. s degreases channe| width
wnd increzses chanmel resigtance. Hence [ decreases. 17 gate vollape 1s made positiive, depletion
regica decreases and hence |y, mmcreases. The p-njunction, hetyoen gate and sounze becomes
foraard biased and corrgnt flows from gate tn <ourge. 5o n-repe [FET is aswally cperated so that
Voo — Do nepmive.

LT : Frimeh ol welape when ¥, o= 0.
0 indicate V.. = 0.
L [l Soturation walue of the drain curment when gate 15 shored to swuree
¥eig ~ 00
P : Saturaniom valug of the drain corrent for Yoo » 0 -0 Zew.
BV [y : Breakdows voltape ¥, wlien gane s shorted oo source.
Yoy utrs Crrain corrent when vl IERT isin CHFT state.
055 : {Tate cut-off corrent when Deain is shorted o soorce.
B . Mutual conductance £ vehen ¥ - 0.
. ) , L
The enpressioh for the piech oflvollaee ), - 3 Aa
where M, = Donor atom cohcetitration

= = Pormilivily £ -,
g Fffective widthnl Salicon bar
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d.15 Probfem

For s p - channel Silicon FET, with =2 = |0~ vroand channe| resistivity p= 1352 -cm. Find the
pinch aff vollage.

Sofuiion
. L .
W= P -7 gforp-channel FET)
Bor S,
E=12¢, 0= 00cmiy sec.
L
G 0T PHgoE- Mayk,-#
N 1
ar . - -
R,
|
T 300
ar g M, — 2= 101
2r 10?2107
W= - l' F =3.ThY

r -
- L T T

4.10.2 LT aFr

A FET »s smid 1o be cot off when the pate to source voltage [V .| 15 gresler than the pinch off
".--l:||1ﬁg~= LT Pt | Under these conditions, becunse for n - chunoel FET, gate s p - bvpe and
Hurce iy n l"r pe. [ht‘T': will be some current called gote reverse current or gate cuf off corrent,
Jesigned as Im this 15 when draan s shorted to source. There £x151s some drain curment under
these conditions also called I oo

| (o) AR 1 -y il b B0 el range il amps to few nano amps al 25%C, and ingreasc hy a
factor ﬂf' 1T 2t & bemperatore of 150 . |oue s die 1o The minoricy carries of the reverse biased
Lale, Source punclion. [, o 15 due 1o e camiers eegching drwin Trom source because ¢hanne]
resistev ity will pot become infinity Bocanse drain is 41 pasilive polental tor n-channel FET, more
electrons will red b the drain,

d 103 AreLicapiLvs

|. JFETs make rood digitat and analog switches. off resistance 15 very hixh.

X

They are ysed inospecidl purmpuese wmplifiers soch asvery hieh inpot resisience amplifes,
huffers voliame Ko llower et

o Ibcan be used as o vollaee eonirelied resizlonce bedouse resistivieye of the channel varies
rith ¥,
411 FET SMALL SIGNAL MODEL

The egurvalene cirgwil fur FET can be drwwn exactly in the same manner a5 that lor & vacuum
tube. The druin corrent II:- 15 a function of gate valtage ""I-:.i‘_- and drain vo Itagf{'h"mj

Ih=fl¥5s . Vg a1

“d
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Expanding (11 by Tavlor's seliss,

. Ay
Al = A= —e LAl
1 i Ly
T N
b
1 thie srnall sagal munaian the inu.;rrenmnal vatlues van b assumed 1o be a.c quantilics.
r —_ i =1r
Al = lgs &Y, 5 = Vet 8V =¥,
] !
Id'_E'r“'.""rg_: ! T '1"'d=.
alp,
where, By~ = |l.-
n ".'l"rn:gj-'.. n:
or i - |.§._
AV, ¥, Mg

The mudnal conductanee ot Ianscond uclance.
Somenimes s designated as v A0 B, Lthe secoend subseript “s ndican ng comusin Sounce

and ¥ o1 @ for fnmwards transad minancc or canditance respes lively,

d.11.1

Desin RESIsTascE ORI ekl T HESISTAMET

I
_ MV Ne| Vg,
T E']u vhn - M. R |l1 Y55
1
B> M !
I
L]
I L}
: vl
LA
: Ll W Breakdawh

L

{rhnle reglon

SatlUraLhirh

1
1
1
1

- —|
reginn |

1

Fig 441 Drain characizrisitcs of JFET
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[Draincraduciange = ¥pps = DUIpLY aanductanee Fap common 3oree.
g, I FET ssanalog to g ol vacuum whe,

o ol FET isanalog to rp at vacyum ruhke.

_ EEI‘-.-'DE_ _ AW i

TR ER T Lt

pfor FET o
TyPFICal. Vanies

.= 1= ECmA W

T =kl -1HK1E2

H=ro 8

C‘nel- G pl

Cg, =1 =10pf
4,11.2 Eovva kST arcviT For FET

TheYxpression for drain current | inthe cuseufa TET is

. I o
I-:‘I_ E,n.."i'_!_‘s'l' ;Ed‘i
1
Thix is similar w the expression |, of a riode. So the eguivalent circutt can be driwn as 2
current srree in parallel with a resistance. Hetwezn gale and source the capazitance 15 O, amd
L4 i5the himierca pai.ji'rann:e hetagen gate and drain, 4 represents the drain 10 sooree capac itance
af the channel. [See Fig. 4 a3,

Ceate » H + Druin
C
.t ‘o i
C,. R CE) r, “—C,.
] EH‘I“IIE_!
S e —+ Saurce

Fig 4.4Y JFET equivateni circwit
This iz high freyuency squisdent circuit becavse we are consrdering capacitances, [n low
frequency ciecuil, X will be wery larpe 20 O i open cecomt and neghecied.
FET 15 a voltage comtrolled device: by cuntrolhiong the chanoel widlh by voltage, we are
contralling the cumrent. IE we nepglect the copecitances the cyoivelent carcait of FET can ke drawn
asgivenin Fig. 4.44. This iz imalar of @ transistor f-paramectar cquivalcnt cinomt

4 e

T BV IG') Ky

Source = « Source

Crate

4 Diruin
+ +

Fip 4.44 Simplified equivatent cirouir



Framsisrar CRardereristics 131

Arrow mark iz dewnwards inthe coorent sounce g VES bacauss the curment [vonvent omel cumment)
15 Nowing From drain o sounee for nghannel FET [Beeaose clecirons ang tho majority carriers).

210 Problem

Fora p-channel sicen FET. with a=2 = 107 em {effective channel width) and channe| resistiviry
p = HEE —gm. Find the pitch off voltags.

Folratinon
v = eM, als b VFE
2% 5. forp-channel FET
Tox 3i, ==12¢g, i = 500 ey - sex,
i
RS I; - |'.I].I.p.i.‘=HAI.LP £
I 1
or f-N.ﬁ, ﬂ’lp_lﬂkﬁ-ﬂ'ﬂl
or e M, =2=10"
::un"[::-:mn"].2
Vo= - =378V
T nasE !
£.77 Problem

For an n-channel silicon FET. with a= 3 = 107 cm and N, = 10'® electronsiem?, Find (2} The

I
pimely GET voliage. (b) The chanmel half widh oo ¥ . - 3 Voamd L, — 0.

SHnfen
_BMpL
(a) Vo=
|.ﬁxm"‘5xm"xﬁmn"‘f
2x1zA[3x00" ]
= A 8V
5 .. ¥
(b h=% fr "n',:j&—T.
¥l
LTI =
h=al1-[ =21 |
[’"r' s
J
(R
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.18 Frodfem
Shewe that fora TFET,

n ——

— - I_ n
(L 1"'Ip- Jlnsadps

Sofurinn
r LT =
Il‘r'-i'_l‘.’!-ﬂ‘-il 1ot
S

— «r
i

whese g is the transistar condoclance g for ¥ =10,

— EI'_'I".xE.
L T ‘-_p
B — 2leus |1 _1""”5
=i |||l|-~ \ "rl|| :
Cog v
LT lui- - Ius‘i' 1- 1:'*' !
L P
. . " L
|_if.:':- _ | I ..
u v, S
o 1'. [
. - Zlpge II_IL._ﬁ,
" 1""|. 1| Lipsm,
E —
= 1"'F s s

£.7% Prafifem

shovw that fursmallvalues ol - comnpared wath Vo the deaie cureent s 1 = e * 8, Vi

Xolnrinn

l|,1 = ]r:s.*. = """Il_:-;;
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- -
] e
It lpss| 1 - =
] b
W, VL
-Ii.l'!'-.'1 ___.{_5‘ __T:" .
Vi W
- ALY
o b2 Ve
o
- 2 ant K
I .
X v,
1

4.1} FET TREF.

The aput &P dFET s mugh higher compared tea gunction reansistior. But fior MOSFFTS the
input & 08 meh higher connpared wo IFETs 50 thecr are very widely weed an [Cx ang are Fast
repliccing TFRTs.

SOLIDSTATE DEYICEY

T

| IS
| TFE | | Leeplelion 1vpe MsFET
an (LS ]
M-:hannel Mzhanmel Mepletian repe Cohangement tepe

E | | |

T hannel Mchannel M-channe F-chaomel

Fig .45 FET Jree.

There are twe Ly pes 0l MOST ETs. enhancement mode and depl2tion mode. These devies,
derive ther mame from Meial Oxide Semucendoctor Vield Eiect Transisior { CSEET Y or MOS
tndns iston (See Fig. 446 These are also kiawn az IGFET (Insulaced Ciale Field Effect Transistor.
The eite iy & medal and i naulated Toom e semicomductor Coogree and deae ag semivonducion
tvpet b i Lhiincsade layer,

In TETs the gale source jurctions: e a pon junclicn (10 the snuece is noovpe, gate will be
p-tvpe]. Butin MOSFETs. there 15 no p-n junction belween gale dml ¢ harmgl, bal rather a capacitor
crmzishng of metal gate contack y dielectrne of Sicd, and the semicond uutoe chan el {pvgeanductoes
separyled by dielectric . It is this construetion whizh azcounts ler the very laree inpuk resistance
el 10-% e 10 and is the major difference lrom tha IFEL
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The svmbuols for MOSEE |5 ure,

Iy
(s E
& b
w-channcl MOSFET, deplevion ippe pchepnel MOSFET, depletive type
Fig & 4% Fig 4.47

Some manufacio rers infecnally connect the bulk wihe source. Bub inosome cirsuns, these
bwo are 1o bt separated (See Fip. ¢ 4600 The syimbol, il they are connected toeetler is, civen in

Figd 47

for p - channel, the areoas wall paint cotwerds.
Giulk 1= the subsiraie malerial 1aken.
Advantgpes af MOUSFEIR faver JEETs and other devices}

I
2.

fn.

High package densiny - | F companents per square ch,

High fabrication yvield. p - channel Enhance mend mode devices reqmirg ] diffugion and 4
photo masking stepes.

But for bipelar deviees, 4 diffusions and § — 10 pholo masking steps are requined.

Pnput impedance isvery high 2 10140,

Inhegvent memery storags : chargs in gate capaciter ¢an be used to held gnhancement
mede devices CFN,

o AIMOE or NRCH redeces power dissipatinon, micropower operslin.  Henee, CM 05

ICs are popular.
(Cam be ysed as passive or agtive ¢lement.
Achive T A5 A storApge device or as 2n amplilier ete.
FPaszive @ As a resigtange or voltage variahle registance.
SelF sndation : Flegtrical isolatire ogogrs between MOIBEETS in [0 since all p-n juncinme
Argaperared under Zern ar reverss taas

Disadveninge

1.

2
L}

#.121.1

Slow spesd swviteling.
Slower than bipolar desvices.
Siray and gate capacitance hmils speed.

FHouani EdEmNT IR NOSFET

n-chunnel is imdwced, between soorce gnd deain. Soat s called as n-cRanne] MOSFET.

For the MOSEET shown an Fig. 448, source and drum are n-type. Gate 15 A7 (metal 3 oin
belween oxide faver s there, The source and drein are sepurated by 1 mil. Suppose the p
subsirate 15 provended, and 8 posilive vollage is 2ppled atthe gate. Becaose of this an clectric Neld
Wil e direcied perpendicularly through the oxide. Thisg Field will indooe ncgative charges on tha
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semicondeclor side. The negaiive charpe of electrons whicl are the minority carriers in the
p - type subsirate form an inversion laver. As the positive vollage un the gate Increases. the
indiszed negative charge in the sermiconductar ingreascs. The regian helow the ik, axide laver
has n-bvp carriers. 30 the conductivity af the Shannel between soarce and drain inc reases and su
current lows from souece 1o drain theoughthe induced channel. This, the drain gwrrent is enhanced
by the positive rate voltape and sach a device i3 called an estfrancement hpe AFOS

LT Ganlc Brain
f | i
Al [= &+ a1 + ] Al

| syt € hnanrl

o e |

1 ChInra | MCKSKFT )

Fig 448 n-channel MOSFET

The volb ampere drain characleristic of an n-chaneel cnlanecment mode MOSFE] arc
as showen in Fig. 4.42,

HmIc or
man ssiurzhan Il,l LY

~ il 3LART Ca renl o ) T b
In ma iUl lioh Fegicn :

T . \.Iﬂl = * k.
‘III.I )

[

-1 -1 0¥, — W

fa) Drain charaeterisics i Crele characterisiics
Fig 4.4%

The cureend 1y for V= s very smnall being of the crder of few nano amperes. As
Wi 18 mude positive, he currend |, mcreases. sowly farst und then much more apidly with
an Inceease e Yo (Fip £ 490b1E bometimes 1he manufuctorers specily gute, seurce theshold
voltage W, ... al which || reaches snmﬂ dedined small vilue -- Il.'Iy.LA Fora vallage <V ..
¥y thrcihnld}l in wery smzll I:I[U nf MOSHET 15 the masimum value of L, which
reimaing constand for different values of 4 O

Tn e abnmns cegion, the driacn clizracieeistic is given by

|.|.L.] *

b= 5 [ ¥ = ¥ ) Wi - Wil
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where ., H = Majoriby carricrs mohiliky
G, — Tate vapacitamce per umit arsa
I. =Channcl longth.
w —Channe! width perpendicularto ©

‘The ohmac region in ke |, vs Ve characteristic of FET or MOSYET is also known as
iricefe’ regien, because like i a tnode 1, increases weth Vi, The constanl current region is
known as pernda Feghon ecanse The Curre N remaing comsent will v ips

[

1 Indeled
[ SaBalEgs N chpnnel

{ s-chaneel 'rll.'l'ﬁ-FI.'w-'ll-'.l
Fig 4.5 MOSFET siructury

3127 MOSFET Cetrariom

Cansider a MOSFET i which wource und draim are of n-lype. Suppose a negative polénal iy
applicd petwaen pate and source, 50k ixan insulator. s sandwiched betw@en two conducting
regions the gate (metald and the 5.C pefype substtate  Theretore, equivalent capacior is formed,
witl 5itk, @5 the dieleciric whenever 2 pnative charge is appbed to one plale of a cepacior a
cormesponding weganive chares 15 induced on the opposite place by the actin of the clecerie Reld
with in the diclccinic. & positive parential is applicd f2 the gate, Saanepative charge 13 indweed on
the opposite plate by the action of electric field within the dielectric, 1o the p - substrate. This
charge resmlts from the minorily camiers felecmons) which ace attrected woward s the ares below
the gate, in the - hepe substrate, The eleqimon. wthe p - substrale are aftracted towards the
lowier regiom ol 5380, laver hecawse There i podlive field aciing from che gate through 3360, [eyer,
because at the applicd poditive porential 1o the gace ¥ o, A% e nunber of electrons are atracted
towairds this region, the hole densite wn the p - substrate (below 1he SiCk lever betwesn o - bepe
saurce and drain onlv) decrease Tlus is true only i the reldvvely small eepion of the substrate
dicect|y below (he yate. 4non - type region now =xtends cominwos 1y Tiam souses tadrain. The n-
channgl below the rate s said 1o be induced because i 15 produced by the process of gleciric
inducior. [Fthe positive gate parendial is renoved, the induced Shaened disapprears.

[E 1he gate wolapge i further inceeased, greater number of nogatiee charge camers ane
atrracted towards 1he induced channel. Sooas the camiers densny mcreases, the effective chianne!
resistance docreases, bocanse thore are largs nimber of fege carrie s {eletrons). S0 the resistance
seen by the L dl:pcn_d.s. on the vnlage applicd to the gate. The higher the gate potendial, (he
lowver e clianngl recestunce, and the hegher dran curnent liy This process s roferred to as
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enhancement hecawse 1, mereases, and the resadting MOSTET is called enkencemeni tfype
MOSFET. The resistance looking into the gote 15 high since the oxide 15 an insulator.
The resistance will be ol he order of 100 and the cupacitance valwe willalse be large.

- Bubmirarg

Fig L5350 MOSFET biasing,

Depletion tvpe MOSFET can also be cansteuched in the sanm wiyy, These are @y kaow i
as DL MOSEETs. 1lere as the gate voltage increascs. 1he channel js depleted of carricrs. 5o
shamre] resistapce inureases.

Here Lthe eeaion below the gate is doped n - type. i negative voltage 15 applied to the pare,
mepalive charre on the gate induces equal positive charge L2 holes, These holes willrecombine
with the clezimons of the n = channe| hepa@en salices draim since channel resistivity increases
The channed 1= depleted af zamiers. Theredore Ly deeneases a6 Vo, inereases {ncgative voltage]
[f we apply positive valtage e W, . Lhen this becomes enhancement Ixpe.

A1 MOSKFET CHaka rERIS IS
There are Tl Lepies ol WOS FETS,

L. Enhancement tvpo

I, Depletion Ly pe.

Depletion iype MOSFET can alve br ased ey exhuvcemend ippe.  Bul enhancement
rpe Cannab be nsed asdeplelion oype. 5o to distinguish these twaa, the name s given as depletion
type MOSFET which cin alse be used in enhancement mode.

Ax Y o 15 mereased i positive values {0, +1, Zete) iFL, imcreases, themil 15 enhaneement
mhe 0f cpetation hecamse | is enlhan ced or ingreased.

s ¥ i incroased inonegatree valoes {Ih -1, =2, etc} iF ]y decreases, then it is dopletion
mule ol peration.

Lonsider n - channel MOXRVET, deplefion fype. Fig 4.52.
1

5
Fig #.32 n - chaanel AOSFET
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DRAIN CHABACTERISTIC : I versus Ve

When ¥ — OV, for a piven ¥, significens cusrent fivws jost like ina JFET When the gate is
made negative {ie., ¥ - —1%.] it is as il 4 negative voltage is applicd For one plae of plate
capacitor. 5o o positive charge will be induced below the gate in between the n ovpe source and
drain. Becauss ot semiconducior lectrons and heles are induced in i below the gate. e
channe! between the snurce and drein wall be deplelcd of majorite carriers eleztrons. hecause
thest induced hiles will recambine with the electrans. Henco, the fkac elecitgn concentration in
the channel hotweon source and drain decreases or channel resisgiviby increases, Thersfors carrent
doCTeascs 85 V.. is made morg negative i o, -, -2 efc This is the deplefion mode of operation,
bocanese the channel will be dejibeted of medoricy carmars as Ve 35 made negnd ive (foe n-chatel MOSFET)

[na VET, therg is & p- o jonetion beoween gate and scurce But in MOSFET. fiere is no
sl g npunetion. Therelore, positive viollaee positive ¥, . canalso be applied between pate and
source. Muw a negative charge s induced in the channel, therchy ingrease Free cleceron

o
I maih —— 2
—_—
——— _‘I-I l"ll
— ]y
—
AP B
l I T
il v 0% Yo

Fre 2,533 Druin characteristios (Y MOS),
comoeniration. 5o chawnel conducrivity mereases amd henoe In, wergases. Thees e corrent s
eihanced. 5o, the device can be used buth imenlancement mode and depletion mode.
I Lhe: ramsfer charavtenisiic as ¥ . moreases. Vo, increases. Similarly i ihe depletion
mode a5 Y, .o 15 IneTeases ik negative valoes, |, decreases
":""' Igma

Mepleiing
h |

LM A ICEmEnL
—

i
T
|

Fig 4.54 Uate characteristicx



Transisror Charaeyericifrs 139

A IFFET is adepletion type, beeause as W, is made positive (+1,+2 ete for nchannel FET})
|y mercases. e it can be wsed in enhancement type. But theee is na ather type of IFET which 1=
used aly i enhancement mode and no depletion made, hence nndistincticn 15 made.

4.11.4 MOCSFET Gate FPROTECTION

The Si0, laver of gaic is extremely 1hing it will be cazily damaged by excessive voltage. IFthe
gate is left open ciccuited, the elecitic field will be large encugh {due to accumiiation of charge)
L cause punch Lhrough in the S}, layer o the dicleceriz. T prevent this damage, some MO0G
devices ure Tabrcared with rener diode belween eale and subsirate. When the putential ar Use
gate is laree. the Zener will comdmer and 1he purential ar the gare well be hrnited o the zener
breakdown voltage. Whonthe potential ac(he gade is noc large, the zengt is open circuited and hasg
no effect on the device.

[ the bowdy (hulk) af MOS transistor (MOSFETY is p - type Silicon. and it twa *n° regions
separated by the channel length are diffuscd indo the suhstraie to form sonree and drain n-channel
cnhancement deviee (designated as MMEOIR) is oh@ined. In X005, the indueed mobile channed
surface charges wonld be sfaciromry.

Sirnilarhe. iFwe take 0 -lype substrate azod JifTuse two p - mepiens separaed by the channel
lengsh ta form source and deain. TMOSFET will be formed. Here it the induced mohile channel
surtace charges wondd be fedes.

125 CauPaRloN OF preCHASKEL AN n-CHANNFL MOSFRETS

Initially there were amne fabrication difficelnes with a-channe| MOSFET: But e 1874 these
ditficulties were ovencame and mass pro-ductions of n-channe] MOSFETs began. Thins MM RS
have replaced PAMOS5 and PMOSFE TS have almest heeome obsolste.

The hale mubility in Sikcon at oormal fells is 500 on®feses. Eleciron wmwebiliy —
1300cm iv-%er. Therefore p-channel 0N resistance will be wwice that of n-channel MOSFET
OM resistance (O mesistance means the resistimee of the device when |, s maxirbam for i

piven ¥ 3 OM resistance depends upon “p' of camiers becawse o - o M OF P,

If the ON resistance of a p-charmel deviee were to be reduced or to meke cqual 1o that of
n - chaonel device, at the same values of 1g and V), ete, then the p-channael device roust bayve
rmre than twice the siea of the n=chane! device, Theietme n- Zhanng| devices will be smafier

)
o packine density of n-channel devices is more (K = FI E is decreased by increase in A,

The second advantage of the NMOS dovices is fast switching. The operating speed is
limited by the internal RE time constant of the device. The ¢apacilance is proponional 1o the
Junction crsg seclinns.

The third advantage is MAOS deviges are T, compatible since the applied gate vohape
and drawn aupply are positive for an n - chunnel enhancement BCHS.

(Becatze in n-channel MOS, source and drain are n-type. S0 drain s made positive.
For enhancement type the gate which is Al metal is made pouities).
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4.12.6 ADVANTAGES OF NMOS OVER PMOYS

1. WMU0E devices are fast switching dovices sinee clogtron mabilite is less than koles,
& WMOS devieos are TTL compatible since ¥, oand W, 1o be applied for KMOS devices

L |'_IIZZl!-iI|II‘|-'f

[T ]

Fackine density of W3OS devices is mare

s

The OM resistance is less hocause conductivity of MMOS devices is more singe pool
electoons s preater than thatl of hales,

4.13 THE DFEPFL.ETHMN MOSFET
In erhancement [vpe MOSFLT, w channelas not diffused. B of the same type {-tepe or n-bepe}

4% the bulk wr substrate. Bul ifa clanne! s dilTased betwesn seurce and drain with the sume &rpe
AT impurity as wsed {or the source 8and drain diftusion depletion tpe MOSFET will he formed.

§ G D
Lo M
5! | a7
7 - Substrale

Fig 4.3% Depletion MOSFEE

The conductiviny of the channgl in the ease of depleticen tvpe is mieh less compared to
enhancement type. The chemcoteristics of depletion type MOSFETS are cxactly simalar 10 that
af JFET.

Wihen Ve 6 positive awl Y, — 0 large drain current dencted as 1, o (Doain e source
wurrent saturateon vilue) lows 10 Y. s made negative, positive charges are induced in the
wlanne| thoowgh 510, el the gate capaciter, Butthe cument in MOGSFET isdusto majnriryuarrim
S the induced positive charges in Lhe chunnel reduces the resultant current ]y, 45 Y, is mode
TNOrE R v, g pusilive ¢harges acs indused inthe channel. Thereferg ils conductivity further
decresmes and hence 1y decrises as Vi, s made more negalive {for n-charne| depletion type).
The current |y, decreascs because, the elecirons from the aowrce recomhbine with the
indoged positive charges. 5o the number of clectrons reaching the drain reduces and hence
L,y decrcascs. So hezausg of the recombinatinn ot 1he majoricy carrigrs, witl the indoged
cherges in the channcl, the majoridy sarriees will be depleted. Henceo this fepe of
MOSFET 18 knows as deplerdon dppe MOSFET. IFET and depletion MOSFET have

identical cheracieristics.

A WOSFET of deplferion fpe can aife Be grad a5 eitfnncemen! fpe. T the case of
n-channc| deplcticen tvpe {source and drain are n=ovpe) i e apply positive voltage w the
gate-source waction, pepaivee charmpes are induced e chamned. 5o, the magonTy carners (e lecirans
inthe source ] are more and hence 1, will be vecy large. Thus, depleten trpe MIOSFE] can also be
uicn] s enhancement Wpe by applying positives volieee 1o the gate (for nchannel tepe).
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||;| n& -4V e
T ' — Enhancemeal
/ vt ) Twpe
| k ___.-"'--__
S v o=
."l;*"f _ s I::_..f"' Repletinm
" —a_ . Type
: S e kL
— N

Eig .36 Drafe charecteristics af DMOSFET

-+— Depletion i-lrr | — Enhancemeny
x| Type

/

t/

8 Ll

Mo
Fip 457 frafe chararferistics af depietion e MOSFET

Prolfeas 420

AJFET 1= 03 be gonneted in g circyil with dragn laad resiston of 4,7 k£, and 3 supply voltage of
Vo = 3000 Wi o be approximanely 20%. and is worenmain constaed within 1LY Desien o
suitable self iy caecoin.

Sl fon
V= Vo —lp - Ry Vg
I, = % K, é é R,
|
T A

S0y - 20 .

- — G = .
FED Jilma —@) _‘l!
n

for W, ter e comseant., i shenld be within - TV, i——l
. H:. § E, % . i

Al =

Y Fig 4.58 For Probiem 4.20,




pf b} Elcctronic Yevices amd Circulls

I, ={2.% +0.2mA;
Liminp =(2.1--0.2)=1%9mA
I (max) = (2.0 +41.2) = 2.iméA
Indicate the pownts A and B oon the maximom and minimum transfer characterisiics of the
FEL. lninthese tao points and cxtend it till it cues st poind L
The eeciprocal of the slope of 1he ling gives Be

.-_-1;-1?5- | —p-"r'l._.‘,'; I

al —r —ay

Fig 459 For Problem 4.20,

av oY
COZAmA +hid

57 Al
The hiax ling interzects the hopizonig| axisan ¥V, = TV

-ooAn external bias of TV iy requiresd,

T
V.= -
q RI"'RE LD

R, and R, shoutd be [arge to svond uverloading mpat sipgnels. TR, — 700 kL,
R, = 2.3 MO

L1 Probiem
(2}  Forihe commen sgorce amplifier, ealzulate the value of the voliage gain, given

o LG, g =100, R =10k, R =209k

I R 1 00w 1 e 007

= g y =—2-?--|
rl+R, l1mx|{|3:|+|,_|tlxll'.l3ll' ’

Knlution A=
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by U= Tpf, determine the oatpan impedanee a1 4 signal feequeney of TMHz

Sereodienit X.= !

M= | Wiz,
M. | A3k
= 5~ 24k
L gt it =0
7o = -piil

JRE+ X

O 0GR S3kED

2. kid= %) = 8 96k}

i jo 0l - fs3nf
414 CMOS STRUCTURE (COMILEMENTARY MOS)

This izevalvad because o circnitgusing boeth FMON and NMOS devigas, 105 the waost soplisiicated
teghpalngy. CMO%S deviees mcorporate p-chawmel MOSFET and n-channel MOSFET.
The advanraaes thal we ael with this camplemeantary use af transisior ang

1. Low porae comslm plion.
2. High speed.
Hut the disadeaninges aig
1. Fabricatwm ismore hPicu . Mure number of coodation and dartusion steps ane mvolred.
2. Fabrication density 15 legg. Less number of aevices per uwil aiea, begause {he
device chip area 1a mome.

4, 14.1 MHWOSE SraLc1reRE

Inthis process, we will have Silcen semicanductar Sk, over i thew layer of Silicon Mitride
{50 M, and q mcl layee. 5oowe get e Medef, Nirelfe {51, B e (300, and Scamjcoirdictor
structure. Henee, ohe name YOS, Sa the dichstrics hotweew metal (AT ang semi—gond neter
{513 15 a sandwich ot %) and %i; N, whereas in ordisary MOSEETS we hiave only 5100,

Fig 468 M¥NOX FET.
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The advantiees sre

| Low thrcsheld woltage V4. (V4 15 the voltage af the drain. (V)] beyond which cnly the
incroage indewn cinrent 1 will he gighificant)

2. Capacilanee per unit arca of twe devio (s more conmpaned g WO siructore. Becaus:
e dig et corstan? will have 3 dillzaem value singe Becanse C iz nare, slerge seorage
i mare. 16 i sl as & mesnny device.

4.14.2 S0O5-MOS STRUCTIRE

This 15 Stficon (e Sapfire W05 stracture. The suhatrate wied (Fig461) is the silicon crysal
grown on Saphing subirate, For such a device, 1he parasitic capacitance will be very low.

Ad Af AL

T[]

Tmul:ri"g mpllr’-c amips tpate

Fig 4,87 50X - MOS8 Sirucrare,

4.14.3  Youiane Breakoia s i JEFE TS

There 1% a p-n junctinn hoivween gale and source And gate and dram. Just a5 in the case of v
-1 junction dinds if1he valtige applied o the pan enction of Crand 5 oe 4 and T junction or
N and 5 junctions increase, avalanche Breakdow nowill acour,

——

Fir 462 JFET circuit.
BV
This ra the wilue of ¥ that will couse punction breakdosn, when the seorce 55 leflopen e, 1, -0

KY ...

in '

This 15 the value of ¥ that will cawse brekdown when drain i3 shoned to sourge. When
drain is shoned 10 sovece, there wall oot be moch changg in the voltage which gauses breakdnwn.

5o, BV gge = - BY o,



Tronsistar LharooiovESiies pE L]

Fara prchanngl FET. 4ot s e-1vpe, % and Dasc p- vpe A pasitez salage is appled to
oamd oegabive sohape wodiin Fheseties witls pespuact o P Yo, 6 neganive voltage, %, ¢ s
pubsiline vellinge eciese G s ol sty potanial st pespeat wesuerce, Simee By L - -3,
ritle jun fior basabuiosa g alze resull by the applisaten ol large %,

Vs = Yt Vi
L More Voo that can be applied toa FCT - Max, b, 0 Max, ¥,

BV, X = HBreakdnman voltage Vi, firr o goven valie of Ve
X indicates a specific velug of ¥,
BV =BV, — ¥

[SLE

422 Prodlem

Metenmine the values of %, oand & bor the corcund shivers inoosing the followsaniz data
e = 5mAs W = - 3 W R 7 SKIL R - ZREE W, - L0V

Sl prkivarr

Thee wate i5 a0 D rrownd potestial. sirve v T voltnges i applicl debweon pate and Soenge.
LPPRL I T LR

T +¥%
Bin L -0 L neplioble , o
Wi U 6, =1
e Vi T IR, y
- = a0 I, .

Yoo trundnown and b s enkneason,

1 W
by =y 1 Mo L
L Wi, (j o 5'
2 )
_: ik
=5 = | [
! -3 | *: o
Y, LR,
Fiul o=~ Shoo 's
Ve = 50005 - b0 m 0.2V F J
Voo | W+ 25= Fig 463 For Problem 4,22

Vg == 1 T‘-. :Lnd W — -7 8%
The pinch off wolage V., for which |n hEL{'lmE'.'-'. rero g given a5 5% aberelore Vo cannet be
TV Therefors ¥, = 12V
]I!-_ 150 Hy [I.l!'r-1-:|? LRSS N TS
L, R, =000, =1y
I, B SONdL, 32
. W = 700 L3 =538 - 435N
The 1 - st be crrducting,
IEV,. = TV e FED moom o Therelos ¥ 0 - 5% Therefore ¥, 15 chisen
Aan - 72
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4.15 SILICON CONTROLLED RECTIFIFER

Silicon contralled rectificr (517HR) i5 a 4 laver p-nep-n device. In cne hepe nf constrection, n-typse
materkal 15 difFused oo a silicon pop pellet ox form affey junction, From the diffused nregion, the
cathode connechien 3 taken From the pregion on the other side anade is Formed Crate i< takan
troo the 3. region into whizh n - bope impoeice i diffused Som the syanlead for SCE. e pate is
ghawn cloge tathe calhinde, projecting ing e This iz Knowas plinar cansircton

Cathode Crale
a4 ]

L1 I
p K
L
n
P
A
Anule T
Figr £.464 STUR serteciure, Fig £ 65 SCR spmhal.

2151 Aswitar Tyvree oF Soxsmel cTION 0F SCR

Ln ihis tvpe of construction gate is central to the device, with the cathode sermounding i Tlas i3
als0 ¢alled as shoned emitter construction. The advamtages of this type constroction are

{i1 Fasttum o kimg
il [mprosed liigh pemapiatare capahilitses

4152 SeaTiC CHARACTERISTIUY

The gate qurvent | determines (he negessary torward voltage 1o he applicd hebaeen anode and
cathade [ Anode pusnu-e with refercncs 1o cathocle) to cause conduciiom or lo jom SCH 'OINT. 5o
that corrent Oaws thwough the device.

A The gale curmend indleases_ e yolage t e applied between anod e and cathode 1a turn
the device ON decreases. I the gale s open. ](j =, the S3CF s tn the OFF stare. Ths is also
know os_forward Slacking regren. The anode current thal Alows is only due to leakage, B if
the: voags berween anode and cathude is increesed beyond o certain voltage. ¥ called s 1he
forweard breakover viltupe, the SCH will turm O™ wnd cocrent will be Nimared by uni} the applied
voltage W  called 44 the forward breakover woltage, the SCH will tum £2N and comeent will be
lermatet] by only the wpplied yolape

vHﬂD r THE FORWARD BREAK QVER YOLTALE
This i the voltage to b applied between anade and cathade $o turm the SCE ON, when L = 0

G
B Oy Arcakoyer 00 Aemn gete cument.

Az the gate current ks increased, the foreard break over voltage decreases. |F the value of
[{. 15 very lacge = 20 mA, e SCR will tuen QM immediately when @me volage is rpplied
berween ankde and cathode,
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Thsually, some voltage isapplied between the anoke and <athode of 1he SCR. and i1 i5 lermeed
O by a pulse of corrent in the gare

i

L
High conduction

regica [N state

Halding current I'I-I

I v LY

Leakage eurrem

Fig £.86 SCR Characierisics

Horoiveg rURRENT [H

Cmee BCR 15 QM. 2 munimom amoum of curment 15 requoired te Flow 10 keop the device OM. 1Fihe

cuent 15 lowered below | b increasing £xtemal eircuil resistance, the SCR will switch off,
Dnee the SCR is urmed O, the gale looses conirel over the device, The gaw can not be

Uged o switch ol the device, ITY .15 redoced to zere { as astomatically happens in rectifying

application ) or if the current is reduced felow IH, tha device witl fura offl

]iT 1 llolding Current

Meriimunm A node Current required oo keep SCTR in the condecting slare. ]t'IA goesbelow [ SR

Ie turmed wfT [ To deeld 1o cunducting stawe . H

Latcmwing Cy RRES L [I

Mmnimum salue ol 1, 10 b reached 10 keep SCR inthe ON stte even afier the removal of gae
trigeer signal. { To |{|,'|:5|':.|_'| un 10 the conductine slate. )

4.15.3  ANALYSIS (0F THE OFERATION OF SCR

The SCR can be regarded as toeo transistor conneciod topather.

The 5CR can he regarded a3 bwn frapsistor p-n-r 2nd a-p-n. The Base of p-n-p transistar js
connected to the coltector of the wep-n trangisror. The base of f-p-n ransistor 15 connected 1o the
colleclur of p-n-p ransislor. The emitler of n-p-n transistor s the cathode. The emitter of pen-p
transistor is e amede.

Suppuse a positiee vullage is apphed 1o the anade (piype] since there 1s no base injectivn lor
b the transistons, e transistors are off. Fhe nnly current is the leakage corrent. ili':'.‘l] and | 5
ol the tweo deanzswrs, Therefore when SR o wor tumeed O, the current that resunkts ii-c'tﬁf
leakage curremi UCDI. + lcml.
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i

] ['.'! [

.| B: p

P e E, o

n 4
K

L«

A

Fig 467 Twe trausistor aumiogr of SR

In & Transisior, ]{. -0 ]H T[] j|ll_|::|
- H[n+ﬂ[m I IED
= Bk T 17 Ty

CUnSIDER THANSINTIIR, DI

The hase cument fra the trRansjgioe l:b], IHI i the ¢ollestor cierem [L_2 of E]I

L "_”'[ b lon 1 e

la = kg

Lop ™ Byllen = logy
LonsrmER Tiass15T0R Q:

Iy,

I'he base currend af reansestor (3 is 1he collztor curremt AL
N I +1 .
P | 2 ( I':.'I I'l'.'l'_:'ﬂ :I Caz

Anogde comont is JI-}: = IH.] + Il'E
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KT JIE?= I-:_*|
L I_IL'I s
I_‘L cun b writt=n i the fommes,

|:1 +|3'III fE'.!HI-"I'II + II"'Ii'::I
L= [

The two transistar will have wide base regions. o [} will be smal |- The velue of [} deponds
upen the valee of [E. When IF 15 very stmall [3- 0.

Therelore when Enl - ﬂ';_. - 0.

(T + g N1 +0N1 00}
A T-{1. 0

o Y lega

Wien a negative valaee s apphied ron gabe o cathede, wmgect holes o e base ul'l::lI .
ernimer isse junciien aof 0 s Forward boased. Sol g ircreases. Bul this s the base corrent Tne 0.
B0 ransisior O, is huned &JN. This ipcreases n:uli'eﬁnr and emitter currenes, The | of O, neda
Becanies rapref current amd so inveemse [ 5o the aotion i one ol it regengralici e
back . wnul bah the rinsistor ane deive n i satoration. Chace the SCI s earned O, remowal of
gale clnrenl will mod stop condoction becaose alredy U transister Q) o wrmed TR and il proyides
the base ipection flurd), . -

Iy

SCH can be represented us a pnp and spn teancisoors conaecled oeether, as shown i
Fig, 4.4,

A
A T
llﬁ.“:]EI P L[
lu|=],;z QI Ci n BI
BI lh: If_["_ E p ?ﬂ
]
.Il l(lzlﬂ} I
]{ﬂ(%ﬁl - - . E: (1]
o, I € i
R ' e

Flg 468 Two trumxivtor weabigy of SCR.
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g~ e

ST

Anode carrent =1, =1
General cxpression for IC“ interm ol ﬂ, ]El- and !{'EI

IC“= [ EB +if+ 1} Im‘.r
Since for transistor ﬂ'l,

b SR g oy il 5]
Since for transistar l|:|-r
LR TRLLARL
Bat Im !l_,_mI
[':.:=|12 I:|+m +1]-| .......... [T1
[.-’. - IF.I =1. | ]IEII liutl |-=. given by cq. (4}
TBy gy HB D gy + g
ll.:,l--i-".-.rﬂl?-l.l]{lﬂ?*-ll:“l}l“] .......... (8]
Since we must got an cxpresgion for IHl
Substinfie e, (A1in 17)
. Loz "B [Py g =B+ 0L T+ R+ Ty
Eut IC: =IBI
o r!1=lﬁ]u|[li|‘u]{l1i;ll|']lt"f]]*{ﬂ]4l:]l':ﬂ2
o e e L RN A PR S R < Y
or o= BB + 0B 19
Bl L= [Py

Subsletute e value uI'I I'rr_1m e, {90 im (B

1 [ B0 M #0150
IL - [i+ ”':' |LE|1|I5: S 4 Lo

Lero i Holpo # P Pde —Loos —Malon: + oo Pl lo
~0-B} | e }

e [""B b= legadl + B2

P b

_ {l +y I' + [, Hr-rr:-u + |r.n1:|
a7 - i,
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doIS A Ao 1O i mr Yo rak -0 HRF ST UCHARVCTERISEIL

— 5
-7 Beeorsg |I‘|I’.|[.h.il'lﬂ F-1: Findwrd lehim Kallg W2dTe
charncteristic 1.2 Farward gvaldnehe repian
U LLW-& : The device I I:|:|'r'rlr||.rd hr:?knr:r puini
1% in hlackinp ctale I P :":EF:HH'-'E resratante regran .
1 3} 2: Forward Conducting characlerlstic
1 Hulllimg clhrremg
3
-
LEPI
3 SRR
— et
[+ .-""'_.-_
il LY
1 i‘.. 'q,-'F
i h

Fir 4,69 XOR charneferiiics,
4.16 UNLIUNCTION TRANSESTOR {LJT)

This device lins enls ane g-g ez ian amd hree beads lke tranzisioe Henee ik called as onijunction
teansistor L1117,

The comserction of this device is a5 show e Fig. 4760

— E\
X —-JB.
[ |urchicn
"2 RN : E
) R s o | [Ihrran; |
& umwnimrod < ] ”/r [=u | ET R ‘\_
—1n
Titse n-Evpeshyen bar g :
I
{a} UJT siructurc {b] Svmbal

Fig £.70 {uy UJT straciare () Symbal
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A bar of high resistivity m-fype silicen of epical dimensfons 8 = 10« 35 mils called base
0. istaken and Lwe ohmic contacts are attashed e il a1 the teo ends w form the base leads B and
B,. & 3 mil aluminium wire. called emitter L is alloved L the base ¢lose o By 1o farm a pon
H:cilﬁmﬂ ||.1!1-..1|n|1 This device was oripmally described i the hteraione as the deudic-base dlode,
Hud o |'r is called gs AT [ of has onby one p-n junciion and two hase leads).

4.18.1 UIT CossTRUCTION 4D OFERATION

It UIT. the atloy i3 formed by di Basing Alluminivg ime s tepe silicon close to the B, Iead ag shown
n Fig. 4.7t The doping and comstruction 15 such thal, when E - B, pmction is forward biased,
tholes are injected inbo the #-5ilicon bar from the p-region towards the B lead. Holes will not iravel
wpwards because B- is at positive potential, The doping cencentration of p-region is targe. Sothere
% sukden inerease in the nomber of holes e region close w B, Te aombone witlthgse holes,
the Free electrons from B, region will moec towards the B, lead. Thus there is larpe increase nthe
aumbet of holes and elocornns ke regim corresponding o P"-Ir
FIL T

| u-5i lezew Lar
HI

Fig 4,71 17T sfracture.

LEEae ctp ey poaill beoalmost comparable with /. Becausc of increase inhe
villes ol v and g o jocreases, Ry, decredses. When the E-B, jonctior is forward baged, even
after recom binalion o heles ood electrons, soll thers will be Facee oumber ol eleciroms and hales i
the region close o B So conductivity 0 icrsses.

B, and B, have the same 1emperature cosfficient. Thersfiore malerial is the sarme
i type silicon barh. With tempereture, because of the increase in the nomber of free carmiers,
B decreeses. The net effect s # decreases slightly with the lemperature. The chatge is - 4%
fer TG € mse tn temperature. ¥, = (7 ¥op Yo b ¥y decreases wilh increwse in fRinperarme.
Beeanse freshnld valtage deercases with merease in temperature, Therefore ¥ decreases with
leniperature. how Ry has positive wemperatore coelncent 1P R, s chasen such that it mcreases
by the same amount as 1o dectease in Ky end iy and V.. ¥ will remain constant. Thus, B, will
provide e perateire 2om pe asalion.

LUT hasically eopsistz of a bar of m-nepe sihcon with owe g2 type cmice providing g
Junctien The amiter aill be clese to the bage oo (BS) than base one (B Fiwee Frg, 473} 5o
UJT cunsists o emitter and iao bases with the cmitter 2lose 1a the second I:I.m. The «miner is P
1ype and the two bascs ac w-type. The symbel [or the voltage between enuteer and base 1(B, is
w-type). Polanity is &5 shownoin Fig. 4,72, Suppose Vi, is the valaee from B, w15, ?"inw it
W~ 0, and poetive woltage ¥ is applicd. The resultimg curcsnt Ip pives the emitter w base B
thode cluracteristic. With V. - MY or Z0%, thers is leakapee curent 1, from B, to emitter.
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m—

(" B isp-typeand B s p-type when B is a1 o higher pnl:.ntml Lthe minorily carcies fron B. and
E wall flaw which results in lzahage carkane). Wiakes - 7 volts ftom 10 B - to reduce lyis cLirrent
10 2ero and then cause corrent i Floow inche nppﬂmimdlmctlnn reaching p-:a!r. poanl ¥ - AFer thas
point Ir_ increases suddenly and "-.-'l drops. Thas o5 the ungtable resistapce regon. This lasks wntil
the valley sollage is regched add the devics satimaes

a .
—_[E, T .
/_.-"'_- =] H: +T I , |[//—1— \l"||
— 1, ‘1]
E_T\i_, " N
T, 4 | )
fed Svmbol Fi) FaF comporeals
Flg 4 12

The equivalent cirowl Eor VT ws s showen in Fie. 4,73, The resistangg of the s1lican bar i3
represented by teo series resistars. Ry is the ressstance of base two porlion, By 15 vanable
resistance. ks value depends upon the bids vallage V. 'I'he p-n junction fermed due i emuler is
shown as § dinde

Figr .78 Equriveident circuid of LT

With no volaps apphed to the VT, R - RB ~ Rp.. It value varies from 4,7K5
PR Fer 2N 167 1) With crmfer open, some voltage i ia applicd at ‘-."HH It eots drvaded aeruss By,
and Bp.. (Vig. 4.73% The fraction of voltage appearing acrass R,

y L i FRY 1
RO L a— B whigre,
Al " R]
Ky ir
= i\ — = Entrinslc stand nfT rario,
= Wy - Fe,

1 :
I wartue diex hetween A5 and §.82. Since e voltges s apphed at the emiler. the diode i
reverse higsed, because the cathede valtage is 1%, aml anode current is U Now as ¥ is
increased. from zero and when W iv oV the dinde witl b Torward bissed. So the esistiviry
berween Land B deerenses since hales are |n_||=.-|:'r4:n:' from emiller inlo B, Therefnre B, decnedses <
W, docrenses anrl I incroases. S0 negalive wsistnee region eosults. Fﬁ:ﬁ]’- wviltage ¥p - n¥ g, + 3V,
".-"1 3y
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d. 06,2 ¥ -1Ciman remsin o LJT

Buppage some virltage Vi is applicd berween Boaad B 1P Vo a5 simnall 1p = 0 Then the silison
tear can be considersd da an ohgtie Esisomey RHH ot el Lhe [edds 8. and B.. Ry, will Bein the
range 5 oo 10 kG K,p - (R, - Bgo) When 1, - U, the voltage actoss Ry, - 7¥q,. Where,

R gy
k5 + Kp,
IF e 15 < n ¥ the p-n juncticn dicde or the F-H junction of LT is reverse Based and the cument
I is negative. |L s the revense saluralion current b, which is aF the order of 10 Hy,

i Wi s increased beyond 1V, inprat dicde bocomes farsand Teased aml heeomes positive,
S0 lirles wre injecled [rom the emitter into the base regeon B As Vo increases,
I increases, S he hales ingected moe B. region alao moredses {3 = pe ..

. Asabe holo conceniration i the basc region e reAscs, ms resistivity decieases, 5o the
voltage across Ry, i decreares. Tis 15 the vollape Vo between E and B Yo a5 I increaser,
K. decraiases ot rhe device exhibily nepntive tesistionce region. (Fig. 4. 74(h))

Whon I s oy large the fiirent IB- Aowine from ¥ gy ionle O, load can be neglected. Tor
LLTREIE grcaitr than the valley curmenl. 4he resistance hecomes Ppositiv,

Voo n Wgpt ¥y
W, = Peak Woltape
Vo, = Valley Yollage
Fur current ereater than the valley current the resistance becomes posttive, (Fig. 4.74.)

m= .1 is called is fedrinsic xtamd aff raifa and its value lies horsoen OUF wmd & 75

nGga: v _}:
MESILIANC: oG

|||+|-'|'-|

1
. A ZHluralsmn
1

valicy peant

7L
Qi LT
vb!l
1"
TR [ — |,

{a} " L]
Fig 4.74 fa) LUT circeit (b - Characlerisile of ST

4.16.3  Arm camons oF LT

L. In Helaxaton oscillater circuits b prodoce sawtooth waveforms.
I Inrigpering SCR circuirs.
1. InthaTistor carcuits.
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4.17 LED’s

These are Laghe Emittmg Deedes, On e applicatzen of voltags, whan glectren transition aocuwes
from eacited stare to lowee eergy level, e dilferemes inameegy i3 released moihe Faren ot Tight.
Thus light grrassion tikes place. This properts i eadibited by dieect band gap seani eonductor materials

The sembol for LED and s Vel characiersstics ate shvwn in Fie 4.73. LED: e always
used v Fuerward Bizs, Bevause when reverse iased energy rransiton and heove Tight € onssion
will noat take place.

Dhreer Beerd Cogp Meoteriale - Comdoection baond irimarneeem enerey ad widense band maxanwm
ceour a1 the same value of K (wave veciorpinthe L - K diagramo ol semoconductons.

Qeeciirect Bokd Gop Coad vetion bazad mimienorn and walenee band roazimiun eecer gy do na
eLour at the same valve of K (wave vectock inthe E - B diggram,

Photans have igh energy and Tow marme nounm
he
A-—ih. - LK
a E r
[T -
l“l:
E
Iy the complete-¢ lectromagneric spectium visible specieua extends in the range - 40060 -

T AT Semivonducting materials swirable for Light emilters shicald have ¢necgy gap E[j imnthe
range 1.73 - 5,13 &V,

Direct Bapd pap scmicanduciors uxed for LED @ (Oallinm Arsenide jCa Az, {{allium
Antimonylirz Sb, (Arsomc) As, (Antimonyt Sh {Phoapharous)

Irpurttivs added are Growg FT madertaly ;- (Zine) Dol Odagnesivmd My, (Cadimiom) <4,
Liraup VI donars @ Tellicwn Te, Salphar 5

Ipurity coNcERFQiion H:Il.'r - I{:IIE
Impurity concemiration far accefiar ohmy - HJ]?— 14

Po=

‘e’ . dor donar atoms.

9.3

fom.
LEDs are based on Ingection HHluminisence. Brue to inpection of camars Bght 15 cmated.

Galliom phosplnde - Zme oxide LED Teed colour
Galhum pleogplude N LED Gireen colour
Silian Carhidk: — &ig] LEI ellow: gobrrar
Gallioen plossphiede, FL ™ LED Amber colonr

4.18 PHOTH DMODES

[nstead of photoconductive celbs. if a reverse biased p-n onclion s diode s used Lhe cumant setsitiviry
to radiabien can be increased enomously, The mechaciseo of cumren control throogh ridiaton i
siemilar b that of o phwo cond uctive cell. Flonons create electron hole pars oo beth sides of the
junction. When oo gl s appbied the corrent is the neve s saturalion comeol dug 10 9ieoficy
carriers. When light falls om the dewice photo indoced slectnons and hales cross the junction and
thus ngreasing the current through the device. For Photo dicdes alsodark conment will be specified.
This is the current throwgh the: device with ne lighe Falling on the device. [t is fypically 30 - Y0 n A
at ‘-’R =3V

The petive diameter of these deviees is only 0,1, They ere mownted in standard To - 5
package with a window.
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They can operale al frequeencics of the order of | Mz, These ace used in uplical
coeumcalatn and in cmeodery

{—\-’R |
A A
NN | _j-'-
;:' nr v
N in]l:ﬁ:rt}' / Tt
K K

Fig 4. 76 Symbels for phote diode. Fig 477 Phoin dlde reverseg clraeqererisnios,
4.19 FHOTO TRANSISTORS

In o photeehicsde, the cntrent sensiiviey s epueh laiger compared 1003 photocondoctive eel L But this
can be luher increased by 1aking adsaptage of the inherent current mwlnpficacion foand in 4
transistor. Photo traasisters have a lens, 10 Bxcus the radiationm e Tight on b the common Base

Jumctien ol the transister. Phote induced ¢orrent of the anction serves as the base current of the
transistor ik b

|
P
ur -t"”"f

Fi, £.78 Spehurefs for Phote transisiors
Therefore collector cumrert [ =01+ b, L.
. : I

The: busie lead may be le(8 Mowting or used fo biws the trunsestor inle some area of aperation.
Syrahul for phona wransstor

[ the base lead in [0 open. the device is called photo duo dicde.
Symbeol v
[t has two diodes pn and np. 5o i is called as phet duw diode.

X

Fip. 478 Npmbaf for Phony dun dipde.




Trancictor ChgraclzFishics 257

SUMMARY

L J

e redation beeweon Emitter EHicicney v, Transponation Factor [\ and € urrent
Craut Ceis,

=i %y
Transistor s am acronym Jur the words Truosfer Resistor. As the input side in

furward biased apd vutpul side 15 reverse biesed, there 15 transfer of resistance
frum o lower value on input side toa higher value nnthe aghput side.

Transitor can he wied a5 an gmplifiers. whon operated inthe Acive Region It 5 alsn
uscd A5 @ Zwitch, when aperated in the cot.off and saturation regions

The three zonfiguratinng of Trapsisoor arg Common Emider, Common Bage and
Carmumon Collecto,

The proper name fur tas device beinye referred as fransistar s Bipolar Junchion
Transistiw ( BIT ).
The three regions of the cutpot churacleristics of a transislar gre

l. Aaftive Region

2. Baturation Regimn

1. Cwe-off Reginn

FFET i USIPOLAR Device {Umpalar anly one type of carniers aither holes or
eloctrans)

JFET device has Higher input resistance carnpared e BIT ared Lower input mesislance
connpared ey MOSFET.

The disadwentame of FEET amplifier circuitys s Smeller Gain - Bandvwidth product
compared o BI'T amplifier cirowits.

Y
r, (ONy= 82
. [ f:. -
_ &g

B Vs !1,._“..,;

L . Y
p =Amphfication tactnr = -

! Gt n=-E

Redation between poroand g Tora fFRT isp-r =g
Widih of the depletion rcgion W Fae nchannel JFET, interms of mnch off voliage ¥,

g
s W = [ L v,,’
eMp,

. 1

1 L 1|'II'

"'.-__,__qand L 1, = II'.I:'R ll . 1':5|
v

!u:-i:s = Satearation value of [Iram curment when pate is shorted tn soerge.

Expressivn for ID_R in terms of me
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L o

_._.._._._._.
Lh fo Le b == =

For 2aee drift cutren wh the cage of JFET. 0007 | = 0.MI22 5
For 2era drift Socrent, i the Case of JFETs, IV | -1V | - 0.463Y

Y

v

Fupwession for g for [FET ineemsolg, | 15,8 = [ I- f |
B

The 1w [ypes of n-chianne! or p<<hanme] MOSFETS are

I. Depletion ype
i. Encham:ement tyvpe

In JFET termmalogy. B Y parameler means the value of breakdown valtage ¥
at bréakdown when the saurce is left open ie | =1

The parameters B Y, stands for breakdown voltage ¥ when draint #s shorted w0
SO,

Al high Frequeticies, the expressichs for input capacilance C of JFET shumting B
g, O =C [l +g {B |Ir)]C,

The purpose of swampin resistor r cornectad i series with source resistance R, in

connon sources (.53 JFCT umplif’ﬁ:ﬂ i% 10 Teduce distortion.

Samplitied expression for vollagge wiand, inthe case of commen Drain )7L Camplifier

) B

N W ]

R, +—-
glll

The dacoion caused due o the non linsar iradsfer curee of JIFET device, inamplifier
CiFcWilg is koo as Square Law Distocion.

ORIECTIVE TYTE QUESTIONS

Foridemical construction, ... b¥pes of bipolar junction transistors
(BJTs} have faster swilching times.

The arrew mark in the symbols of BJTs indicates ... ... .., ..., .

For WM Bipelar Junction irensistor Emitter Ffticiengy p =, .,
Far FMNF Tranmistor (BXT), the ranspartation facier B = .
Belation between o, [i* and y for a tansistor § BIT Lo — e e
The expression for o in terms of @ lora BIT s

The expression for [5in terms of o for a BIT is e
Exprassion for I{, in teers of B, IB and ]CBL‘: T SR

Expressivn for I in lerms of ICB-L'I- and & 0% ..o e N

Moofa BIT s defined ws

IV ool a wanswtor d BIT 10w o

Ketaton betwoesn [Vrand [$as

Bris synamemous 1o e e and B is 5ame a5 oo
Pois e Ce o [ for O Curments 1.

BiE e | Jor AC Correnis ).
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[
I7.
|8
4.
pail

1.
2

23
Id.

23

.

L= I = S R i LR 3

1.
12

13

[+

Base width mgdulztion 5 ......... e

IGFET is the ather name for . e e . device,

In JFET recombimaticn moisye s [08s DECOUSE I IS (s e, diFICR

The dispdvanage of JFET ampliter cweguites 0 0 L0 L “

Fhe 25 5 wemingls of JFET are $inmilan 12 v e o [emmm]s of BIT

pea e vely.
The voltage ¥ at which [ vemds 1o level oI i JFET is called

Tiee vahape "n-" g 4l which [ becomes zera i the trunsier :hara:t:mm.. ﬂFJI-FT i5
culled .o

The range of P for JI-E,T S e s v e

For low electric fiedds E_of the order of [0/ 'u”a:m Bl s e e )
Expression for ¥ mterms of Vo e

Expression for 1o temns of [ omol

P W0 defined a5 e e

JEET can be used 35 ... ... e . PRSI,

Bulation berwsoen p, rand ¢, for JFET s . ;

The square [aw deuu.e .

The MOSFET thal van b uxed 1 buih l‘.-lll'l?llH.-l.‘I'I'IEIIl mode und depletion rmode iy

ESSAY TYPFE QUESTLOING

. Wirh the help of 1 neat graph qualianvely explan the Potenial distribatien through =

transistor {RJT).

Faplein about the differeni curment components in & trensesior

Perive the relation between [ and [i*.

Ierive the relation between o, [ and ¥

[MtTorentiate betweon the jorms hFr-_ and hr'u' PDerive the retationzhip hetwoen them.
Chaalicativeby explain L igspaal and outpun.

Explain the Wl characteristics in Comman Emiter Canfiguration.

Drascribea thie VeI chaructecisnics of a wansistar in Cornen Callecior Confizuration
W] Explain.

Draw the Eher-bell Model of a transister for NPN vansistor aod explain the same.

. Compare the input and autpul cheractenstics of BFT m the three condigurations,

arifically.

{“ompare BT, JFET and MOSTE T devices i alt respects.

Denve the expression for the width of Depletion region * W in ihe case ab p-chennel
JFET.

Cibtain the expeession for 1he pinch off velinge ¥ inthe case of n-channel JEET
Chedwge the capdition tor JFET Evaging 1ar 7ero dritt gmerent.
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15, [waw the structure ancd gxplain the static 12r2in and {3atc ¢haractenstics of n-channel
IFET. Repear the seme for p-ghennet JFET.

6. Draw the stcuciure of pchanne] MOSFET and Crusliatively explaim the statc Dot
amd Gate characwerizlics of 1he devive.

17. What are the applications of JFET and MOSFE devices?

[B. Cive Lhe constructionut features of VUT.

9. Cualitatively caplain the static ¥-1 characleristics of (1

M. What is the significance of megative nesistance regicn? Explein bow UTT exhibils this

¢ herucleristics 7

MULTIFLE CHOCE QUESTIONS

- Af rveverse hiss voltage In incrensed, For & diede, ihe base widch at the junetion

() decneses (hY increases (c] remains same (d} none of these

. Expreavion far *a” ol 2 BIT io terma of [I“_1 I:E' [': el i

| [ ru-: IrE
(w) B by = el 75 iy
IE IL- F "
. Expressien for ﬁ-. id,
Tpe [p lee i5:4
T g € T @ T
. The relolinon hetween ]L'Elil' IL‘HU and 0 ik, ]L'HD =
| rnrs i | |
- | —sme .
|:E_:| 0 l:h.:l t!"‘ﬂ::‘ {':.I |:'|—|:a;:|2 fd:l I:]—I:;I_:I

- Far a trangistar in C.E configuration fo be al cui-olT, (he condition is,

[a) l""I|:'|E =- vBE + RE_ I{E.;:. £-04 4431 ""IBE =+ IUHE - i".:'II ICEU‘ =04

. W . - ! == - .
W) Ve "~ Vap TRy Logg =00l Ve ==V Ry L =401

. The condilin for test for saturation in s BIT

I B

I . I
1 =L e L=
@ Mmoo [els 3 @ Mz bl
. Expression for sstgrafioh resitance Hes of a traagintior (BIT) s ..
M Vi
My HReos= Totsa) (i Hes= I (st
_ ¥pp {sat) 1"'}_'5
€} Bog= mx=i—— 1 Res=~ =

C Il:
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X

1.

11,

12,

1A

1d.

13

L.

7.

The symhbol shown is ll‘[ is that ol A .....

w} DAL by 10D (el SUR ld) TRIAC
DAL mna ... layer device

{a] dlaver (b 3 laver (]l b layer (dy  Twn layers
The forward break over voltage is symbolically represented as, (For SCH)
fa1 ¥ 1 T ie] W @ WVige
losulaied Gaie Ficld Effect Transintor (IGFETY is 3 o

{a] Mormal JFEL dcvize fh]  n-chanpcl JFET device

ic] p-chamncl IFET device tdl MOSFET dewice

Compared In BIT, IFET &

{a)  Lossmoisy (1 morg noisy

]  Samcnnisy (1 can™ be sl

At pinch aff voltage in a JFET device,

ta)l  Channel width bz zero and I, beeowses 2

{1 Channel width 35 c#ro. but 1, 15 not zem

) W, becomes zero

td]  MWone of these

For kigh ¢keirk field sirenpths ¢ = 149 ¥/em, mobility of curniers is propartiooal 1o

| |
(@ £, (b} v [eh ‘ (d} MNone of those

The pinch off voltage ¥p io the ¢case of n-chunnel JFET is proporiional 10
1 L

YT {k} -N_:._ ! 1_;"-,[_: {d} Ny,
Expression for [D in the case of JFET is,
v SERVER Y
L. [0
Al | L= } BY s I——.]
fa) G5 [ ¥, | (b s, Y
| “ | e ']}
cy | L [ | T
B A DSh W

The candition to he sotisfied Tor Zeco drift eneesnt is,
(a1 0007 |1 - 00022 Em ihy 007 |ig| = 0022 gm

(el 0.7 |1, =oez2 gm (dy a7 1, = 0022 g
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15, The relaticn between p, r and g for JFET is.

{8}

()
(b}

24, The registar which iy coonected in series with gource repistance R to reduce

d
pu=rdlgm (b} rd=p pm

p=>5rd= 10002 gm = 100 m %
KW=6d =ML g = 10K T

ey p-rd.ogm (d}  p-rnlfgm
1%, Typicul values of m, rd aumd £ for JFET are,

thy o 1000, rd = 1O, g£m = ] mdT
(l p=7.1d= IMI2, gm =05 mANY

distortion jo JFET amplifter circoits s called

fad  Swamping resistar (1 swinging resisbur
(€h  bias resisar (dl  dislonion contrnl resistor
Speciffeations of a Ripeiar funcfion Transivior (BST}

%l.Ma. Parameter Symbal _-f'ypil:al value Lniex
1. Collector-Ermtlar Voltige WE qn Y
2. Collector-Hase Yol lags Vg ] W
3 Emitter-Hase Vaoltage Ve i Y
q. Conllector- Turren - S[H} ma
i Total Poweer Dissipatin P .4 W
. Crperating ' lempecatore Tﬂ'n 2540 HC
1. Collectne- Emitter Break down

volizge BY rrp « ¥
5. Ewnitter-Base Bresk down

vultage BV.pn Seh L
o Cumrent - Gain Bandwidth product I 250 MMHz
Ei} Chutputl Capacitance Ty | Pr
1L tnput Capegitance C_ m Py
2. | Small Signal Currens gain by 1o -
I3 Crurpnat admiteance h,. LH m i3
. | Vehage feedback ratio h,. B« 10
|5, [nput fmpedance h. 3 ki
6. Cre lay Niame 1 L] KL
7. Rise Lime t, n nsen.
|8, Fallume 1 5e nSee.
1. Aorage time 1, =1 N5,
241, Mese Figure HF 4 dE
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Nomancloture used for Transistors (BJT5)

BRC107 B

(MNP Transistor) =it
147

AF 114 A
F :
14 :

N2 2

[NPM Transistar)

AC 128

BC 147

M 3866

2 NA2I53

2N 1481

Silicon Device

Audio Amplifier application

Type Mumber (Mo Significance)
Germanium Device

High Frequency Applications

Tyvpe Mo.

Two Junction semiconductor device

LGiermanium Audio Frequency rangs BIT
Silicon Audio Frequency range Transistor

MEMN RF Power Transistor, 5W, 30V D4A,

NPN High power, | 15W, 45V, 154,
NEN SW, 40V, 1.5A

Hﬁﬁ

[g H”’i.“&t"!

"’E

m,-. 4.38 Transistor terminal IdentifTcation

¢

Anud:
Lnth-udl.-

{a) {1:!:!

M./x

G‘a;" Cathode
L2

o

Cathode o Gate

An ude-v

()

* Anode

Fig, 4.3% SCR case construciion and fermrinal fdentification ffal courtesy peneral efeciric
company; (B) amd {¢) courtesy international rectifier corparationf
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Type Numbers of JFETs

2MA4869 @ N -channel Silicon JFET
BF W10 i M -channel Silicon JFET
BF W 1] ¢ MW -channel Silicon JFET

IM5457
Case 29-04, Sivies
T2 TO-226AM)

1 Drain

3 Gade

|
23 F

Crenernl purpose
M-Channe}-Drepletion

Fig. 4,40 Identification of JFET leads

IMN43510
Came 20003, Styles 2
TO=TH TCEINGAF)

¥ Druin

g
e -Jﬁ-_“m
1

21 | Source
4 MOSFET
Switching
M-Channel- Enhancameni

Fig 4.41 Identification of MOSFET leads
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Specificationy of SJEETY (Fopleal Filuey)

&1 Mo, Tarameter S¥mbnl Typical Value LInits
1 Uirain-Souree voltage Vs, 25 Vv
2 Dreain-Lrute voltage Vo 25 W
1. Reverse Giatg - Souree voliags Voisn -23 v
4 Grake Current 1; 1] mA
i Jun:tion temperature range T 125 "L
B, Gate source Breakdown voliage ' b i -25 W

Tvpe No, 253457 p= chamnel JFET
Tepe No. 2 N 435] n-channel Enhancement type MOSFET

MOSFET
KL.Mn. Farameter Syminl Typical \-'alue]l Lnita
. | Drain-Source voltuge V. 24 Ly
X 1Jrain-{ rate voltage ""IT:G ) v
3. Cale-source voltage Vi, 0 LY
A. | Drain¢urrent Iy n mA
.8 Zote gate voltage dratw urrent I L) 1A
6. Crate threshold voluage Viu . 1 kY
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Lrr
S5l.No. | Parameter Symbol Typical Value Unids
1. Power Dissipatinn PD 30 mw
2. EMS Emiatter currsmi I [rms) 50 A
L3 Ermitter reverse voltage Yoo 0 v
4. Inter base voltape ¥ ; are {inter] Kl ¥V
5 Inteinsic stand off alio n 1.55 .
5. Paak Emitter ctirent IlI {.E4 TN
e Yl ey poinlcurrent I, d 1A
5. Emaner reverse current b 1 Th1
Specifications of Light Emitting dinde (LETH
b SLNo. Faramoter Symbul Typical Value Units
k. Averape lorward Comern | [ ) A
2. Power Dizsipation P 120 MW
3 Peak forward Current i f{peak) & maA
4 Axial rinous Infensicy I, f med il li candelas
A, Peak wavelength L Peak HHY nro
fi. Luminouws etticiency W 1Lk miw




I this Chaprer,
#®  The need for biasing and its significance in amplifier circuits is explained.
The Quiescent paint, or operating point or ()" point is explained.

#  Differcnt types of biasing circuits are given and the expressions for stability
factors are derived,

#  Variation of *Q° point with temperature and temperature compensating
circuits are given.
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3.1 TRANSISTOR BIASING

The fransistor output characteristics in Common Emitter Configuration are as shown in Fig. 5.1.
The point in the characteristics of the transistors indicated by V-, 1. is called Operaving Paint or
Quievcent Point Q). This is shown in Fig. 5.1. The operating point must be in the active region for
transistor to act as an amplifier.

Q o A
30 A

I —

— >
vll‘:

Fig 5.1 Owipur characteristics of BIT.

Transistor when being wsed as an amplifier is operated in the active region, As g
(in pwA) increases, [ (in mA) increases. So for a small change in lg, there is corresponding large
change in |- and thus transistor acts as an amplifier. The operating point or the guiescent point has
to be fixed when any transistor is being used as an amplifier,

A= R <<,

e
Rj_ﬂ L.oad Resistance

r, = LCollector resistance

a' = Smali signal eurrent gain ( less than 1)
Ay, = VYoltage gain
Therefore, franzistor acts as an amplifier,

. Ale
v} = Al
AV, = o' xR = Al
AV, = 1. Al

-1 |':i1'|'r|:_- = II.R.LJ‘-M].: _ﬂ-IHl
2 S AV, N
: i Al T

R >=r.S0A,> |
The quiescent point changes with temperature T, because it depends on the parameters {,

lop OF Vg ete, [ and 1., depend upon temperature, Hence operating peint changes with
tﬁmperalure o by sunahtl'v biasing the transistor circuit, the quiescent point may be made stable
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or 1 changs with temperature . Compensatien bechnigues wre alae veed o arder 10 make Hhe
vperaling ponid stakble with femperalure.

Bt osery essenbial el 1he waperating point propeerly o it Elie e =06 s aperated an
g aer v ooy 3l 1 1 aperating it ceows noa 5 hangde @ith femperature. Since o the input
i simoesw i | sanss, the cootput soillalsn e reng tepd e ol ihe papoaor v sl alsa e s perlectsine
mave, A hervwise, e amtpon sl be dosoited. slipped et i1 the goigscent paing - nat < gsen
correstly or il s chamsing witl tesmperitme, Hesce il s essential be shoneae the aperating poin
correctly  Cyperating peint o fosesd soith respect o Gl outpol ¢ v erestic ol @ s stor el

S0 now 1he question iz how bo clwose 1he aserating paint™ Belwie this lel os cowsider 28 s
lavwae the quicseent poent is Feaed. £ onsidar 1he cirewit as shosenom by, 52 and 540 10 Cemman
Erciitner Framnsrsteel cooguat witl z loged rasastance FEI PSP oaraasistar s being zansidergd.

)
|
Ry, ! {}, I,= 400 14
R T ‘.J” ;:_ ¥ . 1,= 6Nl A
. I|IIII 1,- 2dbLl _;,l.-\.+ l“ - 4“|}FA
[:ﬂ;] 1".'\1 QI
¥ l
_= II+ | .v.':t
Fig 8.2 Amphifier circuail, Fig 5.3 Variafian of sperafing poinf,
Frovn the absove carcnit.
LA '-.-"i - i:{- E RL .......... ( SLh

Voo 1% 10 Bias Supply. L is instantaneous value of A0 Collector Current.
""lc'F. = |pstanjancous ".-"u;rl'rag:
Froem 1he Exquagicn (0500, e [oad line cam D drawn. To draws dhe Boed Ling,
L.cd i- ={then V.. =% . Thizis onc point of the nad hne.
_ ¥
3
The waluz ol 1. i very small compared to R, . Hence il 2an be neglected.

Ly Vop =0then - . Iz another point of the loed line.

, w
- \ R‘l.'|'|'l'.'.-'
r i

l_‘*t_f
H'L

Weeletling, r. |- -

-
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Soby setling i, — 0.V - O, 1he load line 15 drawn. (Uis @ siraight Ting 1|LdEpE|'|dEI'|I of the
1T S Sar pR ra-m:ter« Tl sl-::.pe al e lige depends un B, he load resastance only. ¥ . iga Fixed
guanticy. Fara ghven value ot 1) 15 alsn Fizeerd when 1I1|: iransasior i being operated inthe aclive
region. Therefore for b - 200pA. the quiescent point s 0. For | - 8000pA, the operating prdnt
i L0y a2 on. SN Wl the inpun saanat applied he:wcn:n hase and amiticr is 2 symmetrical
signal. vamang both on positive and negateee sides squoally, within the ranpe of the ransislur
charagterstics. 1hen the operating poind is chosen 19 e iothe centre o the cutpur chamgteristics
fic., correspanding tee 1, = 500 pAL sodbat the oulpin l:ignﬂl 15 A troe replica of 1the input withooe
distortion [ V- and ¥, IJ are ias voltzpes. npulsignal is the a.c signal between I$ and [ ). When
1he anput %-gnaﬁ i 5% mnetrical, 1 qutescens poind i0 cftasee af e conrne of pre foad fine,

The load line a5 explaiced akove, if drewn, is called as the dynamic (A0 fead Nire. 1E the
aulput mhpedanés ntthe cirewil s reastive. then the load Tine weill be ¢llrprical. Sinve 1he voltage and
currcnt aec shifted an phase, and the sesulang equatien will e thal cf an ellipse. For a 1esistange
the load ling is & straighn line,

While drawing o lowd line, ifonly the colleclor resistzmee B, s considersd and loud resislire

b

LT
R, isinfimite ¢ =), then the loud live i drwsn with the points ij-me Voe [L It s called as Srafhc
Iy :
Load Lige or IO Laad Ling

Burif the Lol limg 15 dreawen congidering a finane load resistmee B, ood (he cesistanse considered ig
K, i parallel with K. it 15 called AC Laaed Line or Dyaamic Laad Line. with AL Inpul.

There aig thres evpes of Biasing Oawreuils

1. Fixed Bias circet or Base Bras circuin

2 Lodlccror b Base Hins circes

1. &l Bias ar EBinitter Bias viccuit (Universal bias or ¥ielluge divider bias cireun),
5.2 FIXED BIAS CTHCUIT QR { BASE RIAS CIRCLUIT )

Losider the MPN Transestor Cient g shown in Tig >80 Rois olleclur resistance. 2. 1s
couphine capacitor. Wblocks UL since \.apm:ttrtr 15 open cirewt for 1300 50 the nutpat signal will
b puae a.¢ signal. R limnies the carent T provides the bies voltuge lor the base. Since Lhis
iz MPM transistor, W . should be |.'r-::|5|[|"r¢ E-:..aus-: the collector should be reverse biased.
The drap acrous By, [r]l' =l = By Vis negative and i prosades posicive hias for the base. Since
R, 13 coomecied, -:i'-'ll“lrnu.. fDarflllil., Ii'ts 1o be considered. Suppose the vusput characteoistics of the
tnamlsmr are as shown in Fiz. 5.3,

Suppoge £, 18 the centre |:u:-|n| and itis chosen as the operating puint. Bur ifthe s input sigmal
i3 greater than 40 yA on ¢he negative side. with 0. the transnsmr will be cur off since for that
swing |, I = [, and the transistar 35 cut aff, so gnother c-pn:m;tlng poin is (o be chosen, Chopsing the
u-pl:l'ulmg point means, & comecl veloe of Ly, |-, ¥ (if the transisior iz in Cnmmon Foitter
Confrguratron) so that we sret widistorled oulput.

Smee from the abowve eircue,

L Yo~ Ve
E HFI
I Vﬂjf_
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I~ At pa

T.=30uA
1,= 204

— { T ke NP =104

m

ar

i V.. =V,
I| T —_—
S L

Fig 5.4 Fleed bigs -..‘rrmr Flg .Y Operaling point variten

Wop 14 1he base emuter, voltage for a forward biased FR luncton. This sHl he 02V for
Coermaniuen imd 006 Tur Silicon. In order woged a large value ot 1, or the change in the operating
prin, W oar [ Dias e be clanged. Since once %o R ete. are Dised. 1 is fixed. S0 the ubove
cirenit is called ag Fived Blas Civemid.

I, i fixed when Ry and ¥ - aie fived Because fothe expression, foo [, [ s net appearing,
Ao once Ky and V. re %:-c-:ci the Biasing poind is alss fioed, Blaance dhe wame Fixed Bias Circuil,

5.3 Blas sTADILITY

The circuit shevak s Fig. 3.4 05 called a3 a F!.md Biers Cirvalt, et L, remiins constant for
wven values of Voo oand Vo and K, O, -E,R 1. R the operaking, posnt musc also remain
freed. Suppoet the loanzestor in te LIIL-IJI'I. [ AL I 28, and we replace this trawsister by another AC
| 28 transisior., The charactenistics of these two transistors will non be exactly the same. There will
bt slicht differemce. 1 s becaose of the limatations in the Gabeicatien technol ogy.

The doping womgeniration, diffuzion leweth 21¢ ., in Tabrigtion ¢annar be contrelled pracisely,
[Fwee sqy impurity coneantation is | B8emd, it need not be (he same. The diffusion length will
alsn he ot the same since the wope ralore nlside ihe fureace duting drive i diffusion may vary.
The furnage may nol have constant ernperatuee peofale aleng te length of the fumace. Becadse
ol these veagons, transistors of the same type may nol have exactly the same claracteristics,
Hengs imthe above civeyit, iFone AC 128 wran s slor is veplaced by another traisiston. the aperating
point will change, since ihe characieristics of the iransrstor will be slightly dulferent.

Hence for the same circuit when ome trangistar is replaced by the other, operating peini
changes. e some cases, bocawse of the change in the npeTating point, the transiseor may be cus
off. Inthe abuve circwt, the operating poind w not fxed, sinee 1 is fized, and [5 chaoges. Omthe
other hand I, should ke changed ko account for the change in 3 o that the operating point is fixed
orl.and V.. are fixed.

%4 THEBRMAL INSTABILITY

£:hange in cemperature also adversely effes1s the operating peint. |, . doulles for gvery 119 rise
T tempeTature.

Lo=(fE+ 1)1, + R, S O
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_ e wlp

.= L 4 TR

Lol -

The collector corrent causes 1he callecor junction temperatuce to rise. Hence [ imcreases,

S0 |, also mcrewses. This in tum. ncreases Hwe temperatiore and so [, sOll increases, and then L
S0 the transistor oulput characteristics will shiftupwards (hezausc 1. increases). [hen the aperating,
[t changes Soincertdin cases, evel Tthe eperpling point 18 fixed in the middie ot active region,
because of the ehangs i wmperatore, the operating poind will e shifted 10 the saburation tegion,

5.5 STAEBILITY FACTOR *5' FOR FIXED El1AS CIRCUIT

Iri U previous circiit of b s Fixed. operating poing will slilt with chawges i the values of | with
Termperature .

......... (53]

I S R Y
by e18 douliled for every [0 rize in temperature
L alsw increases with lemperatore. 30 1Flg 15 fixed. 1he operating, pouiwill shif. In arder oo
keep operuting point (xed, |- and ¥ should te kept constant. 1heee are two methods g kesp
[¢ censiang
1. Xexhilizatine lachrigur !

Flepe resisive bieaning conciity are ved &) aflow T vary jo kevge Teorelafively conslai,

With voriciliian B 1 £ Voo oo Tyedckaaban i S anonaee, fo feepr £ condiand,
1, Camprusation Fechaigne :

For this meethend) rermmneraiire sensithe detdces stuch @ Qogley. anyisnor, Hhermisgars

she, which prnvide corpersating voltuge wmd Cprrenfs Ire oiiaie che operaline

Pt SOMEEN are dsed

Fiahifiey Frartor § 0y defieed ox the peie of Cladige of Toowith respetcd o 1 the reverse

xorturariom cureeml. keepang (3 and by censtant.

T !
e ﬁlc.{;_i .
Oip, vy = K
Al
T Alag
The wvadae e ¥ shoald be seaedl, 0 is large, icindicatss that dee ¢ieuit /s thernal by urstable,

A A
8f ' Vo
Expregston for I

are alse some times called as Stability Faceors,

e (LA T+ Bl e £ 5]

el a
5 —14{'{
g - K, Vi = K
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Therelors. differentiating Lyuation (5.4 pwath respect 1], with Bas censtan,

| .
S AR T

£l -
(I E
5 g Al

[, vannod be measured dircedly. | ane 1 can be measured directly. %0 [ 15 nat
difterentiated directly with |, ..

y N .
| % Lo fs
| Al . 2 :
S ={mplics that |, s independent ui'll_u. Thises ideal case. % = 3158 reasonable value for

practical cirouil. f_i'l:ﬂt'T-Ell';];.I]'.lrl.‘Ei-iLl-l'l For % is.

[ =73
8- — e BB
[
'\.al'..
| Ve — Vi
CHE
L
For g fixed bias circuat, I, e independenn of |-
g _
;-
S=1 4+

ITR— 40 5- 41 Inis a very laree value o themmal snstabadiny is mare. S0 same circuits are
available which make | wesire independent ol .. and hence 5 will be low.

54 CCOLLELCTOR TO BASE BIAs CIRCLIT

lhe circuit shown i Fig. 5.4 15 Bxed biss cireuit, since M8 fisad PV, RL' and ¥, are fied,
But an improvement over this cirewit is the cirewt shosa iz Fig. 5.6.

Fig Wb Coifectir fo base divy cfromis
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In this cipcent, By 15 connected to the colbector poinl C, inslegd of V.- a2 in Fig. 54, Y, iz
mput, e capaciter with block DC ipput and elbvar only AC signal to the bese. Since il is MFN
Uansistor, collector juncrion is reverse briased, R, 13 a resistor in the collector cirouit, which centrals
the reverse bias vollage of the collector junction with respect 10 emilter.

Vee = Voo - 1R

I=1-+1
B
Chis cecewib s an improvement over the Fig. 5.4 fixed biag ciecuit because,
Vee™ Yoo — Il 1y) Re
=0+

With temperature |- increases, Sinde V- a3 same, | is game and 20 by decreases,

As [ incredses with température because of the inereasss in Lo, (1= IE'.-} R product
increase, 50 ¥ .p redwces, That inc.ins the reverse bias voltage of the colleceor junction is reduced
arnumbet of carriers collected v 1w o olfector reduces. Hence 1 also reduces. Therefore, because
of the reduction i Uiz bias curre © | he ineredse e 1o wall not be as moch as i0vould have been
considerang only increase m |, wah temperalure.

We can calculate the stabality factor for tas circuiv Applying KYL,
Ve~ Vot g+ [ Rty Rg=t

G Yoo Ve mlg CRpe o Rl 1 I R
I = Vr'f"l"ll'laE _[|:R.|:
K R-+Ry

Vg F3 the cut in voltagz and ik iz 0.6Y for Silicon, and 0.2Y for Germeniom. s independent
of I .. 3o deflersntiats this sxpression with respect to 1., we get

My, D-R -0  -Rg

A Fg+Re  Ry+Ry
The exprassion for stehility Factor §

L+
b B o
|—B[‘"“|
'alf.-'
-R
A Re+FRy
1
g = +E'R
'|+F:'K—'E
Byt

Therefure, 1he value of 3 s less than (1 + [3).

(1 + P} is the maximum value fior the fixed hias cireyit. Therefore collcctor bias circuit, izan
improvement over the fixed bias Sircuif, Mow lef us consider the affect of [2 on the atabilicy of the
cicclit, discusset abave.,
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=[.I'H.:'I1_'r]+[-:|“|3 .......... [ 37
Voo - 10K - ¥ge
— oL O T TRE
R K. +Hy N
. - IE [] - 3][:".-]
From Equation (3.7, 1, = T {59)

kguatiep (5.4} and {=.9) and rransterring 1. 4oone side
LR Y P e M s
fi B R+ Ry
o (R o+ Rgh— L+ PER + Roblp = B{¥eo - ¥og] - B K
I-.: (R,:+ }i.ﬂ] + I o Ra = ﬁ(l‘u’,_._c— W EE] (R + Ryl imﬂ + [5)
B 1= 1+faf
IR + e + Ry | =PIV - ¥pe )+ HR + Rl e
o B+ DR+ By =PV = Vet R+ Rpi

Apwin (fi+ 0
[¥ ¥ey - "‘f'm-' R+ Rpllenl

Thes expression, in this form is denved to get the condition 1o make 1. independent of [1.

Therefore, with the changes in ehe value ol [, with temperatuae,] -~ changes so the aperating paint
alsn changes.

co T TR TR T R Aent [ 5.0}

The ahowe circuil, s animprovament rer the Nied hias cireum, 1, i heing decreased. with
increfse in [ (Reocause 1. | increases warh wempesatine ] to Keep aperating point Sondlanl  Sinee
[ is depcndenl an the [1 v the abave expressmn, and ginee [ hangpes with temperature, 1. il s
changes and thereby opaiating poinl changes  Theredare Trom the above expressian, it as-sennal
o make [ insensitive o |L g2 1hat the nodified ciecuil work s satesfactarily no keep the operating
i ﬁ*.hl Tere assumplen W be made in the abeve expression (5,10 05,

PR Ry

There[ore, the ubove expressign becomes,

I~ P %o =¥ t (% - RH]J{T.'IJ

BE...

R == R,

o= Yor~ ¥ee * (R + Rl
Re

S0 if we Shoase Ry, very small compared fa PR, 1he cireuit will work satisfactorily. But in
all cases. this may nat work oud. [f Ry valee 18 Ao ser sl hen the above assumpd ion 5 wot valid
and hence the ciromt won't work sabistactorily,

For a piven circuil, w adetermine the operating peint, draw the load bBne on the oulpul
characterisies of'the given iransistor. Load line 1= drawn as greem below

Voo LR HY L
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ir I L thin, L T
-1r N - 11
It 1"|_'|- . {?I.1I1L:II,;. _R .

Wkl dleese poindse o straight. line s deawem wn 1he cuipud chasaeieristics oF the transigior.
Currespumding 1o given valwe ol To, where this fine vuls the vanpot chasactensime. d s called &
the cperaling parin L.

I the vollevtor o bake bias circat we sand ehict the stabilive s gl singe, g 15 decgaged
with nczease in L. e keep operating point fiaed. [oothat ciecwin, there i feedbock from i ougpa
t the input thieugh the cesistor B 10 Lhe siprid vollage canse~an inorease in g | aneresrses Fan
Wi devrewies. o bhecause of this, the compument of Bise surrent coming thaough 8y, Jecreqes,
[lence the increase i L. s less than whal it would have bees withoot feedhack |II Feadbaek
cireuits the dl'.l'lpll'rL-i.'llh'_"l'l fucler will be less than what o weooll have begn withoul leedback. B
the advintape &5 stability 15 rmproved. Such an amplilier circuit sith Teedback s called as
Feedback Ampfifier Circwir. This tvpe of circwits are discussed in subsequent chaprers.

57T SELF H1AS OR EMITTER Blas CIRCLIT

I the Tised Buins cirvail, simee 1. increases with temperalure. and by is Tixed, vperaling gt
changes. Incollecior 1 base bias circuet. thouph | chunges with iemperature, |5 also changes w
keep operating point fixed. But since [+ changes with temp. and |, depends on If the dssumplivm
has o be made chat i!-l-l == Ry temake | andependerd of . But |’r imonc girguil, Ky 15 small, the
Abov assmpioh w |II nut hqu gaod [ I trislarmer vonprled circuins R will be sirab).

5o coklector v Base cieciil s as bad a2 fced Bras ceennit, Ao cireain wligl can Be nsed even
il there is zero DO resislan: e in senes with the collector termonal s the Self Bias om Eneitter Bigs
Circnid. The cirowt 15 a5 shawn This citcuit iz alsn konwn as Visftage Divider Bias or Uriversal
Brar Clircwjr.

:_:. -
T “u H‘“"EH
v, In, i
l f—l: R,
bq'
Fig 3.7 Self Bias ¢ircuit, Fig 5.8 Thevenrins equivafend,

The currént i Lhe emmitler lead causes u voltage drop aczoss B i such a direction, that it
Merwird biases the eratter-hase punction. Wis MEM trapsistor erioer is g-f e, Megative polarity
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shuald be at the emer. 1E 1. increases dug oo neeredse v o, with femperaiuee the cuseent in B,
alwd increises.

- L] . v - - r
_ l Lr.'_ iw ¥ E; Wiy - ¥ EK
A [F| FCEEASE S, lc Alsr IO reAse 5

S0 corrent | o emitter comrent increwses. Therefore ER_drop imereases. Since the polarity
of this vallage is 4 reverse hias the K — B junction, 1, decrease. Therefore 1o will inerease less
than it would hawve been, had there been no self higsing resistor,

| Che voltage drop agross R . provides the so|f hias for the cmitter]. Hence stability is good.

With reference to Fig, & &0 is NPN frangisiar Sothe craventiomal cument is flow g ool of
e trangiston fram the ermittar, T hat s why e symbal i watl arcaw ek poinnmg suiwards, 5o
eanitter poant is at posamive with espect to M. Hence the drog (3, + LY R has the pelarity such as
1o reverse Tuas ar fo appose 1he Forsard bias vollare Vo junciion. B, can he reparded s paradlel
cumbinzlicn of R, and R,

£, 8 STABILITY FACTOR '5' FOR SELF BIAS CIRCUIT

31 calewlaled asswming that woe AT signal ssimpressed and only DT voliages are presant. In the
Fig 5.8, the voltage ¥V i the drop across B, Combination acts as o petentiol divides. 3o the drop
scross B, which 15 equal to V! is grven by the expression,

o MR
VSRR,
R, is the effective resistange 1ooking hack {rom the base termaned
LILY!
Re = Ry Ry

Applenge Firchho s Yolawee Low around the base cinarnit.
V- lgRg d Rl < lob+ Ve
Assumung V- to be independent of L-, differeniiating 1 with respect L, to get -8°
by Rp Fig R =+ ¥ -V 1. = R,
g (R~ K=V ¥y -l " K,

P oo YoV DR

+ {Hu ! F’.,']
Ay R
(:']L'\- Re 1 Hn_
- . N : -
I"he esprossion Jor stability Tacoor 5= ‘a1
1- 3| : “]
I -\.E]L' .
| +
o "E.'_‘w
1+|5| - =
L R_+FRg.,
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[ N
Ir H:_-* i wery simall, 5 - .

The fuged Bias cireuit, callector robase bias cicsmt and Emctet Bias cincuils proside stabilisaton
of [ aganst vanations m [, Bul . alse varies with V- and BV pe decreaves af (Ae rie of
1.5 mVEC for btk Germonivm and Siticon fransisters Becaose, with the merease in T, the
potential barrier is reduced and more nwmber of carriers can inove feom ante sade (Pl to rhe ather
e (nd B sl inveeises side with temperature. Hence I changes. '

5.9 STABILITY FACTOR &'

The vamanion ol L. with ¥ 0 15 prven by stabilily Taclors g

_ |T|_;_-
mll%'-' M-k
where both L. and P oare considerggd coanstant.
"..-'=IH=:RH+".".jt—[[H+IIJR1_ A =N
- =il+ :-!'Hru"'ﬁ'la peeeeen e D
Thereterz, Erom conatine 5 12,
L= Le =L Bl
- [
Froem equation { 5.1 §,
".."HE="|."—IHHH:-=:U“+II:.] R, T T B A )
[ —{1-1l,
DBut Iy - —E'

Ewbstitwting this value inequatien [ 3.137.

¥ee = T It LA
= oy_ MRy Rpl-B)
1I|-'E|E—"'.-—"‘E'H'-I- '}EI H:I-EI:_
b+ 1.
ﬁﬁ:”e”[m‘—{g R, = [ow R,
-
: ) .
v - v e K +R._.]= +l R“'f"”_];| Laiyy
il Lo i P J {Ili I 5 i
e Ryt Rl _
Vi = Yotk e PR ILl:rl [ F 1 Imlli- ....... (3 14}
R i _
. al,
s Moy
¥y EB +R, i1+ 5]
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. oo e | oD

Npe  Rp«RALP)
iRk

Bt Rp+Ry(f- L]
s -50
Ry +R.NB 11}
B-1-p
K, ..
T il it small cun be neplected
. 5
g8 = R,
5= 1, implies that the stabilice of the citcuit i3 very pood. Dir oo belier accuracy,
Rp B .
-+ R, -k+E: =)ip
when LL] is small,
2
£ "
I:] + ﬂl L+ B |
& el 4 _"* [
(1+ B} R
Ty Fg
H R igwvery large, thon b =1 + |1 Now fora liged — | % increases with ineroases [b.
T

g

R
If 3 is smiall, S is slmost independent of . If & praph is plotted between S and _B

, then we pet,
R‘f
the graph as

10105

11 T

0.1 1w By

Fig 3.7 Varigtion af siobiifty faciur
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The smealler the value of R, the beler the statilisation Ry = R, in parallel with R G0
R, and B showled be small.

The smaller, the value of T, the berier (e stabilisation, Beeawse of fredback throuph B
he AC pain is reduged. To prevent 1his, B, i3 shonted with a capagitor whose reactanee ut the
opecating frequencres 18 vory small o that AC signal passes heoogh the capaccar only.

S Iy thez units of e mhos. 5 iz negative indicale thatas ¥y decredses, [ mereases,

]
5 = R,
Therefare, WE is made umlj.e fhan 5 will alue be less, We Lt stabality of 1. with respect to
both ¥y and 1, For ssll bras cireuit, variation of 5 with ¥ is also less, §° |3 Approxamate |y

equal 1 L.
5.10 STABILITY FACTOR %"
The varation of | with respest w [ s gven by the stability factors 5.
(14
where bofl 1. aml Vo dre asstimed o be consiant,
Frawreywation [ 3 F4 ).
Ra+ B {1+0)

Ve = ¥V iRyt R:J - =k
I Eg+R,l+
Vo= ¥ —{Ry + [{IJ% % dog =— “T{E] a1+ )
R VP J{R ¢ R 0+ )
(Ry+ RN+ " TRy -R M-8} Rp+R_ (1+p}
VI - Ve

[I:'.' = W -|-f|_-|_-I

M iRy +R, ]ﬂ«ull[» Vig J=FY =V IR, + Ky, ]
A (kg +R, F1+BF

Py Re ¥ Vgl

R rRel+ep¥

N R

YR T Mo

5.11 PRACTICAL CONSIDERATIONS

Silwon transistors wre superor 1o Sermanitmm trangistor 3 Tar 25 thernml slability s congemed.
The variation in the value of L. for Selivon transistor is 30% [ typical circutt whenihe femperature
varigs from =65 0 +175%" . But for Germanium trenswstor, the variation will be 30% when the
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1emperalere 5 vacied from —65%C o +737C. Thereforg, e thermaf srability i poer for
vt frbnsieier . SHCom oransisoors ace never used abeve 175 and Germanaum transisicors
abuve +73°C ) Such bigh teenperaiere woilD e encountersd wthe glectomg canral of femperature
for Mlumces. space applications €0y,

5.11 BEAS COMPENSATION
The coflecter or base bias cirewit and sell bias ciromc arg used Ror stabiliny of T,. with variation in

Ly ¥y od B Dl we sabd Uit Lhere 15 Teed bock Trua the vutput to the Tupm. Hence the
amnplifzaticn widl be eedoced, even thowpeh the stabilioy is iroproyed.

Protlem 5.1

An NTH reamsisior with & — 50, 15 wsed in Caommen Eminer Cirguin with %, = 10V and
R, - ZKO. The bias is obtaimed by comecting a 1K) k2 resislance from culﬁ:cmr L base.
Aszsume ¥ - — 0. Find

ta) The Clufencens Miring | TN
{ by The Stabhiling Focter = A
Satuton oo lc
Veor =+ T B -l Ry =4 | I C +ROCV,
Meglecting .. L — B 1, . P, - T |
Then [+ 131 Ro—t Ry =¥, c I B
(30 v 1322 % LG 1 100 = 14 [ = 10 ® Ve
3
= o ot 405 A }
BT sgzery P l
F b -~
1. = b w495 = 1% = 2475 mA
Vop =l Rg- 4% Fig 5./ Far Praklem 3.1,
f+1 5l
e = - =234
|+ _.%;_ ‘I.|.E|:I.:-.2
Problem 5.1
A traosistor with [b— 109 is to be used i Common Eroivter Confieu ration with collecior w bass
bims. K.~ RO Yoo WY, Assume Wi = i1 Clonse B sothat quiescent eallector tn emittgr
valtepe is4%. Find Etabilit'_-.- Factor.
Sofurtom
Voo B DR W —0
e
= " oma oY
114
fHE 3

=11 = 13 ), -4 =1
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= T =53 duA
Vop = lg Ry = 4

4
R,= —— —£713K
BT Sgsaigt 7

Probicim 5.3

O MM Tamsiser is used in 1he selFliasing arrangsmem,. The cirsuil camponents valugs ang
W T4 R, - 3R R - 02T ROR, - 37K aml R - 27K IF[ — 44 Fud ile
Stabilicy [actor. Adso detemuanc the Quiescent peamn QI LD

Setndicrr

The Quiescent Totnl

ITK 3
.|.
T -k =
LY, LIK X 3
l .
- N
Fig 5.7 For Prottem 5.3, Fig 312 For Probiem 5.3,
_ R, My RamdSs
TR, +R,  17+12 = 0405V
kR, T®2T
TRTR, T Tieay T 246K0
{I "‘I-:H.I It
5 - £ =%4
R,
L . I
1[ K

Applyang KYLoower (e ooy,
o= = Ry eV, T
HLARY =0y W (246 A% LI+ 0 2



Transistnr Biaging and Neahifiraiinn IR3

. A0
al g = e [.Im
[=linlg=4d x |.] =dEdmA

Ve = Voo o= R U+ 1R = 24Y

IF the reducticn in gain is nol wlerable then compen saiion Eehmigues are W be used. Thus
bath stabilization and compensatien technique are used depend ing upon the requicements.
5.12.1 DipE COMFPENRATION FOR Yo
The gircest shoran in Fig 517 emiploys s¢1f binsing Y
teelnigee far stabilizatian,  In addition a Jiode is v
comnecied i e enickes ercuil and il ds foraard
biased by U sourve Vo, Besistance R linats the vE R
surment hrough the dil.nJr,. The divde sheuld be ol -'u‘fj
the same material as the ransisior. The negative D
voltage W, across the diode will Rave the same R =
temperature coetiicent a5 .. Singe the diode 15
comeiled as shown iFY g, esmease 5 willl nuvrese I
i lemperature (Y, is cul movollage), ¥, ecreases \.r-r
willi lemperature Sinve wilth lemperalure, the _T
mirbiliny ol cacciers increases, o current throueh the
dicde increases and W, increases. Therefore, as V¢

dicreases. ‘r’_.!m-a:freai-:s- sothat . willbe insensitive  fFie £.13 Disde compensution for M
Lo variations in Y,

HE.E- l|i+|r|

E

Tl devrease in v s nollified by comresponding incrawse in V. S0 the net veltupe mose
ot less remains constant. Thus the dinde ciecmit compensates tor the changes in the valoes of ¥ -
3.12.2 Dhove Covressands For 1o,

[ ¢y Whe reverse saturatiom correnr of the collector junction increases with temperature, Se l. also
ihereases with temperaare, Therefore, drode compensation shauld also be given aguinst varution
m |y A ciccuil W achieve this is as shown o the Figures 5.14.

k| Y

va oo

L %H,
L

T ' - @)Nm
|

——

nr
Fig X f& DMode cormpenxaifien for .i'r_

tr
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The digde 17 is reverse biased since the voltage W F which ulse wppears across the diode is
g A po reverse higs the dicde. 1Fthe diode ard the transistor are of the same material, 1he feverse
galweratian suerenr [ of dimgdy @ilE ingroase af 1he same raie as the transistor collector satumation
euepent B,
Vi = Yue
H'|.
Theretore. ‘-.-':_(. g meagured with respect 1o ground.
Yo @5 amall compare te v, .
V..o |5V,
Ve = 0.2 ar D6
; [ - _1'-.",_-:_-
E.

The disde D 15 ceverse biased by an amooat 0.2% (or Gechanioin, Current thioagh the
dinde is the reverses saluration cerrent 1,
(Pl B Y
Bul we know that [ ={ 1+ Q1 + b=l
Substituting the value of |,
[I“.'=ﬁ e [- Dol + (1 -0 Lo
Dutl Bar=],
A+1-
[ =Rxl-P=l+pxl.,
—fi = lgand +[1 « I, arc of appogite siges. [F the dicde and the transistor are of the same
material. the rate of increase of 1, and L., will be ahe same. Therefore, I is essentially i

constant. |, amd jo nced nat be the same. {nly the changes in 1., and 1, will be of the same
order. 5o net value of L.owill remain constant.

513 BIASING CIRCUITS FOR LINEAR INTEGRATED CIRCUITS

With the advancements o semicunductor techreleey, The active camponems made with (hia
chnology are no more costher than the passive components bke pesisloms. capaciiors gtg,
Muorcover, incarporating the passive cnmponents particularly cepacitors in 105 15 difficult. With
faday’s icchnolagy, im biasing and stahility circwits, wanststors and digdes can be osed. Hence
certain Sircuils inuorparating transistacs in biasing compeo saiaon are developad,

e such ciecuil i shown in Fip. 515, Why showld transisior be pesd for eompensation
when it 15 being aied us a dinde only? i s becaose vl convemence in fabrcation wehoology. In 1C
fabmcation for a dinde. @ ransistor 15 being used aca diode. 1 5 one sep process wod (ebneation 15 eisy.

Transistor O is used as a diode betwecn buse und emitter because, colleator al bise are
shored. () ds conneeted a3 & dicsdc across the eroatter hase punction o transistor 0. Soefectively
the circwit is sameas girgoitin Fig. 3,14, Instead ofa dicde, a transisier is uzed. Mow the collector
current through teanzistar f;ll i,

'|=

Vi - Vae
e - Ig g
B
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VEE =, 1""-:_r_'- and ”HI + IBE:' s ltl

- 1"“ ; -
||_ | R, Constan.
- " Y
|- R 5
H, ]
I'['!
l.-. I l Q - "«'ll
1 ‘E Bl Hzil 2
¥, I .
i T l F) ll“‘h.._. MNFPM
QI

i

Fig, 5.75 Biaging circuif far 5
[f transistors () end 0, are identical, their ¥ ge. (cut in voltage) will be the same. Henec
I, =1 =Constant i B = K. These owo iransigtars are being driven by fle hase voltage VoL,
.‘:Lim:t:. “op e the same, Il ml:l not aerease, ¥ . and By.oare alzo Nined Hence the stabilicy
will be good, Even if the two transistors ace oo exacthy identical. practical experien ce has shown
thal the stablity factwr willbe arvwnd 5. Hence in K5, such circuins are empboved for Biasnge stability.

5.14 THERMISTOR AND SENSISTOR COMIENSATION

By wsing temperalune sensitive resisive elements radher than daedes of trame s6ors, conipens alion
can be achieved. Thermistor has wepative temperalure cocfficrent e, iy R decrirase
EXPOASNIfaly Wil TZmiperaiure .

I'he cacuit is a5 shown in Figo 3006, B s the thermistor, As temperature increases, Be
decrescs. 5o L curremt through B oecreases,  As this corrent passes throngh B, there is
willage doup across B Siece. 111 PNE imansistor. Coblevtor s 1o be reverse biased aod hence -
V. isgiven. Sathe potential atthe emifler {EY point is negative  Since the emiler is grounded,
this acis iy 0w ey erse bids S the emifer Ay the drop cross B inereages, e emitter reverse
bias incieases and hence - decreases, Thus e <Aect oF wmperatung on 1. i due b increase
i remperature. here Wil be mciedse o B0 and L The corresponding increase in . is
nulbulied by the merease wthe reverse bias volge a0 ermiller. Tlias compensatlicn i achieved

Vg - Drop Across B As current thoauph By inereases, Vo or thee Fotward hias vnltage
of L - B junclion reduces. I[l:n-;.& [ reduces. The materials used For themuasiars are:

slixtures of such wsides a5 Nidr (Mickle Oaidel, M Oy (Manpanese Oside), {C04)
O, (Cobal Grude}.

[nstead of a thermistor, 3 lempecutore sensiteve résisior with positive wemperature coeflicient
like 2 metal o1 zangistor can be used. Sewsictar is 2 heavify doped semsiconduetor material. Its
temperature coeficienr wall Be+ 40 7% M0 When a semiconductar is Reivaly doped. as temperature
incredse, mobility of carriers decreage since 1here are mare number of thermally gencrated tree
cArmiers {n is large}.
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]
. i
7

Fig 516 Thermisior compensarivn

)

|
|
l:

— O —>

Su tem perature compensition cen be ablsined by plucimg a sensistor in parallel with B or
K, Sensistor should be placed in parallel with R, bocansc, to stanl with, K, will have the same
value nf sensistor. 5o the gurrent will ger branched 2qually. Az T ncreaszes, 1. mereases Alse
the resistance of sansistar ingreases. Therefore. more cument will Pt v thronieh B, aow, Since
cutrentt 1akes the path ol least resistance Hence the reverse bios of emitter I:I'Ili.]'!:Eh-'::'b wnd so -
decredse  (Sioee ¥, - Dnep across B, - Drop weross Bepo As [I'rup across B increases. Woo
dzopepses henge [ decrenses, So the :f'l':l.,l of teperarure an 1. is nullifed.

5.1% THERBMAL HUNAWAY

The max power which a transistor zon dissipate {power that can be deawn from the ransistack wil|
bez fromm m' tor 8 fow andred Wants, Fhe macimum power iz linyitzd by the terapersiurg alao that
the collectar oo hase junchion can &ithatand. Far Silacon fransistor 1he enas temperating range is
TEMC 2050 and for Sermaniven it is 00T e 1OPC, Tor Germanione it s low sioge i
cotductivity is more for Geronaniom compared W Silicon. The menction tem perature will increass
tither because of temperatere increase or becawse of self heating,.

As the junction tempetature rises, collpetor zorpent mercases o this reswls in inereased
powver dissipatian. Sa empeeates eceeases and L sl funler increases. This s known as
Thermad Runerwiry, Tas procgss can become cumulatree 10 damage the ransistor. Mow

AT=T -T,=8=P,
where T and T, are the 1lemperatuce ub the junclion and ambient. Pp, is the power dissipated et the
Junction in Wabls. 8 is the sa called Fhermal Resivtamca of the transistor warping from ) 2900w
for 6 high power device to JOMMCSW for a low power device, The condition for theemal svabibicy
is that the rate al which heal is released ae the collector junetion must not exceed the rare avwlich
heat can be dissipated. 3o

A A
aT, T,
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3

I
ar — = =
T, ¥
L]

¥y

Heat Sink imir the temperature rise. Hear sink is & good conducting plate which ghsarhs
heat lroan the tramsistor and will have large area for dissipation.

Lroblem 5.4

Calculate the value of thermal cesistance for a iransistor having P {mas] = 123 mW at froe air
termperatore of 23'C &nd T, {mask = 1509C. Also Feed tie Junction wmperature if the sollactor
dessipation is T5 m%W.
iy T,-T,=8xP, o 1 -25=0=i2F o 8=1%'mW
)y T,-25=1=7%.T,=100"C

Safuron
It has by found ihac, (1 the operaling point is s0 chosen that
.
Vep= —-
2
them the efteet of thermal rnavway is not oemulagive, Pt if
LR
r EL
Vg = 2

them temperature increases witl a increase iy L. Again with increase in 1., T increases and hemce
the elfext s vomulative. As [ increases. Po mwreases. Dol o Tullows a certumn faw. T L. s 5o
thosen thet

Ve
CET a2
vale af increase of By with 1- s not large wnd Thermil Runawiay problem will mel be there.
Probiem 5.5

Asilicon Bype 2NTE0 transistor with 0= 50 V. - [0 and B = 2500k 15 comnected n callector
1o base bias eircwit. [0 i desired that the quisscent point be apporox inately at the middle of the
buad lie, s0 1, atd L. sre chossen a3 04 mAand 2 lnA respectively. Find By and Calculate "S*,
the stabylity factor

Folutfon

W

Yo Yoo (ot [pR
Iy is very small compared i 1. 8o it can be negleted.
V¥ep Yook R
= 0¥ —{21 + 0.4) 250
Vg =46 ¥
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Simce iy Silicon dransistor,

Vg =¥ =00
E It i T
H ID
_As e
B 7 S
100
N T
Fafl -——
Rl. "'Rl.
. (30 +1} 3
* T o 250 L
{Eﬁ-ﬂ'--ﬂ'.lrd[:"']

. =13
Propklem 50

& cransiscor with 3= [ s 1 b2 used in Comman Emitter Confyguracion with coliector 1a base
s, The collector ciccuil resislance 1= Rﬂ. = 1kt aml 1"..'1";' - Y. Assume 1"'r|3|.= -1

(] Choose B, oao that the quiescent collector to emalier veltoge @ S0
(0 Fimd rie seabiline faesars.
Sl gt i
p=i00: R.= 1k ¥, = 10V ¥,.=0
R, =7 =1
Weop slould be 4%
Applyinime KWL apownd 1he deap,
Vo =+ 1 bR =¥, =1k
_1‘"{'1' T _mhage these negalive 10 [kditive. ¥ . i5 veltage drop praitive to nogative. Hut I
value 15 given.

..
_I._=

1, P

|I:_..—I_:|-:-c|_|_1

Vo AR IHG R Vom0

Veg TIOM Vg - W R = Tkl p=100 0, =7

IF—flon =~ 1= 10-4 -

ar = 531 pA

W= o0
Eul Ve - lp . R,

AV -394 pA xRy
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Ra = Spqape o7k
Thereloce, Stabkility Foclor,
Sm B“”Ii
1+ B £
H"l:.: ""H.H
101
£= ] =4]
Inl0
I+ 100 T
10701+ 67.3)
. E=4]
Frodlem 5.7

Two kentical Silicon transister with [ =48, Ve = 06¥ alT= Pkl o Vo= 206V, R
Rc. = 2K are conmected as shown. Find the coments IELI' [DT Lo and yatT = 15“‘6‘

(b] Find I,:I 2l T e 1759 C when A = % and "":uE 1 ety
Sl ninian

= 10K and

Fig 317 For Problenr 5.7

Since the Lwo lmnsistors are identical, we can assume that I, = 1.

1= Yoo Ve
R

206 1.6
1= = 2mA

Vor— 06V at 250 ¢
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Since 1y = = Lo then 1 =20, + 1., =21, + Plg ar 2mA = {2 + &)1,

2
lB= E nA — dlhind

Iy = oy — B Ly = 48 = 40 < 10 3 = [ 9ZmA
B 15 same for the 1w transislors. lg 15 same. Hence |- should be the same.
thy AL ITSC, Vg, decrease with temperanee. Hence Vg an 1750 C = (h22V amd

p =98
Vo — Yp
1= —"1'-—&: G = LHsA = (24P,
2.4138
o lg= 3, g5 ™A= 20384

- =l =Pl =88 x 2038 = |0% = 2mA
Probders 5.8
Determane the queeseent curtents and the collector 30 emitter voltage for a Ge wransisfor with

A= 30 in the sell asing arcangements. The circuil component values are ¥ = 20V, R, = 1K R,
=00k B, = 100k gnd B, = Skil. Find the stability factor 5.

Foletion
T T
TR, +R,  100+5 =083z
RE Ju (00
R, + —= = 2 g 75K

BT R, +Ry ID0+5

Fig 318 For Probiem: 1X

For Germamuin transisiar, VBE - 02

V=lp xRy * Vgp +lg ¥ IR,
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Vel xR+ Vi b (B IR

=1, [Ry + RAI-P1] 4V,

0.95F == IB[4-T5 xJH+5| = 0.l]~0.2
nasE -2

I opggu

lo =Py =381 ma

Ie =y +1p= 3181 mA

¥ee ~ Yoo - IR - R,

~M-IEBl 23K =0 - 12

g

= TH.2 ma

]+% |, 476
_ P | _ . 0.1 _
=L+ | =9 aTs =1
T+f+ — 5]
", 1

Probiern 5.9

Desipn 3 cirouit with Cie transistor in the seif higsing arrangament with V- = 16V and

R..= 15K, The quisscent noint iz chosen to be W, = 8% and | = dmA. Stability factor =12
is desired [§ = 50

Saiution

Flg 5.1% For Froflem 5.9,

lg 4
R
s~ -5 Homa

R = Vo = Yop - IR
¥ (Tn”:;.-}
lE—B 4«15

= YT =49k
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[El-rllll.*rpl-ﬂ-
. R
a=12= "_"“_'_'J'R
]+|3_.|...ﬂ
Rl
Re
or R, =144 .

Ry =144 =R, = 705k,
¥iu = Base o ground voltage
= Vet K
Therefore, I is negative.
Vo =02+4.08 = 0.49=27%
¥ =S¥ TgRy
=22+ 008 = 745 = 2,76V

_ Rz*""ru', _ _RiRs

Y = =
B +R,"™™ R;+R,
Y N s
R RI |
16K
T v
_lexves
Y
V =Y
_ R;KV{;—C _ Rox14
- R|f“.z - 41&.1‘“1
Rg - 556k
A2 14 STABILITY FACTOR S5"FOR SELF BiaS CIRCUIT
V—IHKRB—VBE—{IB+IC}F‘=EI vemn [ RIS}
or Ve ¥ -l w (R + R— 1R, e L REND
Baur I-={l+}x Ic,,_-,,'lrﬂ ] IB I . A L
-1+
o I = Jﬂﬂl {5.19)

B 5 e
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E Rz Pt
e

Fip 520 Stadilin foctor 87
Substituting equatinn 5. 1 9] {5171,

v

[Rg + R+

G
AT _V‘[r:1
Let (Rg R}[E
E+t
=
H —

VIR R,

Ve~ ¥ ¥ —
o [—Wpp+ ¥ + ¥

_Rp«R,{1+D} |

[

VY V)
T R, +R=f1_+ i

VW' can be assumed to be mdependent of 3.

{,l | S

= T piem TS

493
V..
|
tn zm
. AN
T
v, =R,
| =R,

=V + (R *R\IFF’—]| - -1
] - B 0 B LN

v {{HH+ ]+Ft } +{HE+R}M

lt'i.'l

b
Fig Y2 Felf Mag circair,

Ry - R (1+31}

B o
|F“

[_'.III

}+{R3|Fm

R+ R [1+[5)

w i
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E- .7
i ﬂ_]r'_ c"-:=

AR 1+[i)

g .8
mc—s’“aﬂ-mmﬁ

HY - lu_-.lrl. - %._
E}'B‘l ﬂﬂ
IV + ¥ -V}
) = Re+ B[ B {52
Dal¥ + W -V, )
I~ H-,BJ,Hl{hp.?} 53321}
|_pi._ [B,] RetR,(1+M)
]u,} Rg +R,{1+B,) o {522}
Subracting | Fram l'u:sth sides, and simplifying equation.
= E‘I-l.'f — |-|:| Sr

Y (T
ProMem 510

A mansistor oype M 333 05 used in dee 521 baas configuration may have ety valoe of P batween 16
and A at rocm (entperature, Design 4 sell bias circut {Find Re. R, and K. ) swbjzcl o the following
gpecification B =4 K[, V... = 21, normat bias pont s o be at "nl';_.E = 19%, - = ImA and
1;- shonild be 1n lli'be eange of | %5 L3225 mA as B varies from 36 to 90, Neglect the variation of |

Kederion
%= [g. Sn neglﬁcting I

{RE+R:}_ {_HEI';
e Ry W - L Rl

N

(Re+RJ= —— =5KkR

R.=4KQ

R, =[5- 4} K§ =1 Ki}

Bl =ly 1, =235 178
=0.5mA

AR =B B
=00 - 35 - 54
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E = II:I'Sj = 52
AP M+ {L+%)
_ s
~ 54
ar 5y = PR3 S, i the Stability Factor (5 ).
5, =173, R, -1 KL P, - M,
1+ REE'-
So=ll4P 1 ——5—
? 1+ 3 +h
R‘-t-
Rg =20.1 Ki2

Megzlecting the effec ol 1,

T

Fig 522 For Problermr 5.10.

Ra+R, (1 H)

Vo=, ; I,
i
=g_ﬁ+L‘-lg—ﬂ]1.is= 3 38y

W 2
H,—Rﬂ—t+=30.lwr;=]1ﬂﬂ

R,¥ 119%3.38
- = = = -I
R: Vg % {20-1.1g) ik
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Prodem 511
A FNF tramistor i1s used in self - hissing amangement the circuit componentis are W m 4.5V,
R,=27K R =02TK K, =2TK of i = 44. Find

{2}  Seabilige focror

(B {Mdescont point

(&} Recoicwiare rhede vafues if 1he Dose « sproading resfsrance of 090 02 15
FerkeH im T AL

Xofayion
The circyit and s Thevenin's equivalent are shown in Fip. 3,22 and Fag, 523,

T Yoo
orn
Fig 825 For Prodlem 511 Flg 8. M For Problem 51T,
_ _ _RiR,
Rg =R, 1R, = R +R,
2. 7=27
= o7 =146 k12
L
vz v':'l: R|+R2
.7
4.5n 7 EIRY
1+01 44 ¢ 2%
{1} 5= - = - 5409
1B R, | 4-4'11? 5.15
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297

{br  Inbaze cecuit,
Yy SR+ Ve ~FRylg

=yl ﬁ][B_RE 1% ! REIB

0.4l ={45) 1, (0.2T)+ 06 + (246} T,

_ lbar-os
= = [45x02T2246) -0.013mA
=1, = 0h572mA
Ir sl B b i gk,
Vo “Re ¥~ LRy
=l {f R+ R + PRI+ Vo
—45—| NlG=3484 Y
Qul:accnt Pulnl \-"__E ~ 3484V

o =0572ma
1, -H0iima
ic} Taking Me ™ A9 ;
% i | GG
142422700
142
—4.19
b = fasenarjea s - -AamaA
. =528 mA
Voo —4.5-0938 - 3562
Duiescent Poim Yop =3301Y
I, =052BmA
l, =0012mA

These are the values taking Toh- into coms ideratwn.
Pradlem 512

For the given circuit. defermine the stability factor 3 and Thermal Registance 8.

V= 24V Rp=110
R,.= 10K fi = 45
Wi =3¥

Sodntiom ;
In ol lecior—Fmitler £ ircuif,
Voo =do R+ Vop— I Re

{l +p)

=l Rev Vgt o= o Re
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WV =100 45t o) {270}
c 45°¢C -

I- = 1840 ma.
- |.B42
= = —— =4[ A
‘e B3 /
{a)  [ngollectnr base circwit; ¥op =g # R+ ¥,
=30 erosko
T
1+
(b}  Stability facror — 5 - - B
| €
R{.- 4+ R
B a6
=
1+45%—
11708
= 16 Y
I+ 3244
R = |07.08K {2
5 =949

i€} Weknowihat A, =T =T, =(Th. Res}
T, Ta=8p =Py
50— 25

[as
= | THIPC N

Thermal ressiance =

5.17 FET BIASING

Ohne of the prul:lh:rn in using FET is that each dewice type does nol have & single transler
characiceristic. Thig is hecawse Irpes and Vo cannot be speoified accurajely. For the same FET,
BFW [, ID‘SE and v p will not ke constant. Thc}' vary, becanse, the 'mli,agﬁ UEE lop which Fl-lTH:l'I nl’f'
DCLINS Vanes, Th:s cannot be exactly defined Recombination of carniers ¢an cause vartation in
d:pl:lmn regton thickness. 3o, ¥, and I . will not be constant. 1lence the manufacturers specify
maximum and minimum values f-::-r Liss ar:u:l V.. Accordinply, two transfer chamcteristics are
drawn for FET, Maxamum transfer chm’a:l:rﬁllts which iz a plat between maximum Ing:: and
maximum ¥, ..'-Ln:l minimun ransler chargoieristc which is a plot between ogini moenn YV, and
WEA T
The D toad ling for 8 FET circuit is dravn upon the device characteristic in exactly the
same way as was done wikh bipolar rransistar circuils.
Ve = V¥op—ln B A1
Ry v known, So chms-ng any cﬂnvnnicnl value of Iey in eq {10 ¥ o can be calonlated.
Vg i5 fened, (ko)
when I, =0 Vi, =V, 50we gel point A a2 (he characteristic X-qaxis.
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- Ly (MAK]
IL'tE

L Mxe - T [ £7 mrwititr b

g (M)

M - Treruler Cheoreclomlie

\"Fl:lmu'l ¥, -{;.-'I ini}

- ""I-::':

Fir 5.25 Tronsfer characlerisiics.

"rnn
} En
L ]
L, Yag =1
)“_T_ \{J\ Vas=—1
s b '.
1] '1‘ "
L J, v
—v, ar s
I"'l.na:“""utr
Fig 5.26 FET dlasieg clrcui. Fig 2217 D {padijne,

when Vi =0, 1,= EI-;T‘. S0 we get point H on vy - axis. Join poinis A and B. This will be

the load lite. Choose ary value of Vo say—|. Then the point at which the load line intersects the
corresponding, dram chamaciensteics is the operating pomt ). For a FET, ¥ and | are nol
fixed. The variation of mazomum and minimum values can be as muwch a5 + ﬁﬂg’u ar mare cver the
nypical valics,

517.1 Fixen Bas Cireurr
The ¢ircuil is shown in Fig 5.28.

This ix an example of fixed biss cwcuil. The gate 15 bizsed via resistance R Lo 4
negative voltage ¥ ;. 5o the maximum and minimum levels of I, for 3 given mas voliage can
e best deteemined b a graphice! firsi plot maximum and minimum ransfer characlenistics as
shown in Fig 329,
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_ ",l'm

L £w,
il

v
R, v

o
- ¥,

Fig 51% JFET Fixed Blas Clrcudt.

b,

A I“ Max

B [, Min

"'-;5_” |

Fir 5.29 Transfer characterisrics,

Let ¥, is chosen a3 — 1Y, Thea draw a base ling (vertical ling) through the -1V Vo
walue. It cuts The maximum and mimimum raasfer characteristics al two points A and B, A gives
maximum I, B gives minimum | Comesponding to these values, the max imum and minimum
values of V., can be calculated using the expression,

Vo = Voo — Iy B,
Y ogimast = Yoo~ lsmin - R
Yosmm = Yoo~ Joima - FL

As is evident, the fixed bias circuit 45 not useful. The O point (¥, and I valoes) vary over
a wide range. So, the operating point is nod Ffixed ina fized bias circuit.

5072 SEvk Buay CiROuIT
In selF bias coreul, a resistance i sémies with source termanal provides the gate bias valage. K
will stabilize the drain current. K. will also tend o stabilize 1 agzinst signals applisd (o the gate i.e,
will reduce the AC voltage gan of the circuit. €1, iz the bypass eapacitors (T in BIT circniis),
total [K: lnad iz {R_ + R} Therefore total AL load with R, bypassed is R, .
Theretore AC load line must be drawn (0 descrbe the AC performance of the circuil.
{Because AC current i¢ nol passing through B but only through C ).
{Wech voltage drop across Ry = 1 = R
Ciare is gronnded via B, Thertfore paie is negerive with respect W source.
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Fig 5.30¢0 SFET szif bige circuit.
Led iy = ImA; K, = kil
Vo= bmA = k(1= LV
S Somred 15 1Y positive witl respect tor groutid.

- Gate 15 groended theoupgh R {yate is 1V negabive with respect to sonrce. Hence
Gare-S0urce punciion 15 forwand biased.

Vas = lp =y
Yoo~ I Byt ¥+l Ry
From the maximum end minimum teanster characteristics, of V¢ is fixed, maximum and
mincirnr values of |, are deterrmined . Then, maxuium and minirmum vilwes of Voo con be caloalited.

Self bias teghmique minimiges varations n T, and Vs compared to fixed bias circuit. I
varmalions will be less il lorger volue of R, 18 dhesen.

5.17.3 SELF B1as WITH EXTEAKAL VOLTAGE

V™24V

|

5
IMO R, 1 r}r

R, g

* ¥y ==3Y

Fip 5.3{ JFET sclf bias vircuit
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Ver=In Bg+ Vi, AT s groumded.
Yow ~ Yum =l - By
Another s¢15 bias Cancuit i

Wy =2V
3 MOE R, R,
1] ¥
G I
5
Yo
Y, LM ?n, R, = 3K
I .-'\-\.EE

Fig £.32 JFET self Mas circais

A potentwbdivider R, and Ry is used 10 derive s positive bias valtage From V. [V, should
be positive bacawse (3.5 junetion shonkd be revargs bissed. Ciate is p - tepe).

Ye=VWagtIp Ry

BEian cirgoit which have an extermal voltage source Vg and source regislances maintain
I, weithin closer limits 2. (¥ peint will be more stable.

5.1% BASIC FET {IRCUITS

Vo =20 ¥
R, = 10K
¥ H ar
T‘ "/ X EE: :L»; !
—r [ =
IMQ? ERg
o
v, ol

Fip £33 CF amplifier 2rcuit
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51%.1 Covuonw 501RCE FET AMMLIFIRER @ (L5 CONFIGURATION]

Thiz is FET equivalenl of common cmitter transistar amplifier in BIT. As common emitter
conhfiguration is widely vaed, T35, configuration is also widgly ysed in the gase of FETs. As mithe
case of common emitter configuration, C.5 configuralion olso intreduces a pliage-shift of 1807,

Vi = Vin -l By (DO waluesy

H1%5.2 THE COMMON SOURCE AMPLIFIER LisING SELFABLAS
The circuit iz shown in Fig.5.34.

Fig 5. 38 L8 qmplifier circudy

R
L)

} v, R R, 2V R, \{,

l

Fig 5.35 C.5 Amplifier squivadent sireail,

I""Iln = l,"'Im?.: 1"'r|:r" L ""Ip - RI.'l
g;m,"l.-’m 15 & current souwrce 1B0” phase-shifl will b there.

"f',_, _
.v- __EmH'D
A=-gn Ry

Some times B resistand: 1, is added inoserics with B, i9 called o promping resistor.
Mow, lire source 13 not al ground potential . Distorydo i5 aware, in this ciccuit, Toreduse thiz, swamping
resislor is connecied.

When 4 smell AC sigmal 15 coupled inbe the pate, 1 produces vErisTIONS in gate - SOUTCe
viallage, This produces a smusaidal drain cerrent. Since AC flows through the drain resistor, we
get an amplified AC voltage at fhe outpat.
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PHASE INVERSION
An incraase in gafe - go0rce woltage produces more drain cument, which maans that drain voltags
is decreaging because drﬂ-j} fcross K, ingreages.

=l R, = ¥pg docresses.

o inersasing mpur voliage {..-..,\ produses I'\.. decreazing owiput voliage, Thercfore
thers 15 pliase inversion.

DisTORTIHIN

The trznseonduciance curye of 8 JFET is non-lincar it follows squars law, Bocaugs of this
JFET distorts large sipgneds. This is known a5 sqmare Jaw SSioniion,

i

T

[Tl — ) S,

y Vi

Fig 138 Trunsfer characteristic.

SwapmpMnG KEEISTOR

The resisior that is commected in saries with the sourge resistance K, 15 called Swanspisg rexistor.
The sgurce resistanee B, is I:r:,-passed by .. the seurce Bypass n.,apm:ltn:rr (Simeilarky to By in BJT
GII‘EIJJ‘I:} I r, 15 nol thers, sourcs is at gmu:rlrl petenbial, Bul when r i erpieched, AC current i3
passing, through this, h:caus: source s not al ground potential. Thus lecal Tesdbock will help in
reaching the nun-linﬂ.rit_',' of flie square [aw ransconductance cunve of JFET. S distortion witl be

reduced.
w—T "'r'[jl'l
R, % R, %

bl
[
(o-chanmel FFET)

ﬂ\?'_

r; (Swemping Resitor}

Fig 537 Gircaidl with Swamping resistor,
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=¥,
&y
AW Ry
X 3
v, R, || R, e
i

Fig 538 Equivalent cirvair
The voltage gain will be (- B r, ]l So the effect of swamping resmstor is,
. Wreducesdistortien.
2. [t redoces vollage gain.
1"",_-. —+ E\n""lu =% =4
lhll||| -{[ + gl'n'i} lhII!;‘-
V= - E-.u"‘"gi B,

IFg  is large, A== =

5.1%.3 Coxmmon DRaIM AMFLIFIER

The circuit is sluven in Fig 5. 39,

o Iwl’ll'.l

(o<hannel FJEET)

o

Fig 539 C.0 amplifier clrcad),
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L B ¥
Q,D B || R, R, ¥

Fiy 540 Eguivadeal circwil

KYL:
Vo, V-
Vg, Y, RV, =1
Vo1l e, RV,

""'Ill U "'r;la . Ri

1"III - E‘Iﬂ“'«

N, LRy

PP

ke | Yl
Itissimilar te (0 amplifier or ermtler follower, 5o 116 also called ws sowrce fedfewer.
&, <
T Mo phase change
1 Eesg dforion than a cormtian souree amplitier, begause the source cesistor is not
hvpaseed

A 1K 4 {oosvnacih €34TF AmPFLaFIEK
The ¢irgml 5 showp in Fig, 5.d1,

5 I1] .
v, .;-_—1 }..—_]- : I‘. v ¥,

(n<hanpel JFET)

- ‘I"IE-F

Fir 341 Commen gote amplifier circuie,
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V. i;} R, ﬁ'" %

Fig 342 Bguivalenal circuil.
Vo - YV VLR,

D ﬁ% "

Ar G

= -l—.,._":—i- ]

l""'u_ - _E_my!-'\.-"" R L

R I
1"'I||| 1"-8.‘. L:
Ay T B RBn
by = id= - v:u
Yes _ 1

in Fin

N ET amplifier has very xenald pate feakape corrent. G - 5 junction is a reverse biased
oo njunctien In the ideal case, 1= =14, This s equivalent W sayinge. L, l.j [ I{j - 0.

JFET pepplificr has bogh inputl impedance, thgrelere the mpol side we. G- 5 jonction s
erwerg bipaed, [Faea b pola trangizoa gmplifion gieeuit. the inpin side e, F - B junation is
forweiard Sl Bas less resislance|

The price paid for bigh input resistamce 15 ess contisd avar orrpur current That is, a IFET
rakes [anzer changes imownput vodtage to produce chanees in votpotl correnl therefore a IFET
amplificr has eewcfr fesy voffepe pada than o Tepolar amplificr.

ST :
I = L ll-%]
2

This i a saquare law. Thiz iz apethce name for parabolic shape. 5o JFET is often called as
a yyqunre law device.

Prerfilam 3 [T

Equaling

Wbl = the LK input eesistance ol 3 JFET wloch has |, (gare leabape curventh = SpA at 200 7
Serdretfirn £
By - Input resistanis.
20%

- —4 % A
Al 4= 107103
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Proabfom 504

For the JFET amplifier cimowt shown i Fig, o g, — 2500 w3 ond V| = 5 mW what ig the
vithy 0F W 2

Sofurion !

+ MV
lh{ﬂé

(t=channe!l JFET)

=

—
=

+

i K

1 MG % 7
i

ar

Fip 5,43 Far Proflem 5.1 4.

L 1
.- = 41}
En 2500 pid

Upen circwiled vuetpul voltage, that is withoul considenng B
= (0.0 Sy = 4. 75 m

Chtput inpedange i3, ZL =&, | _I
" Enm
= THMH L) ;AN £
= 10

This i the A equivafent soenl Ao AL source of 475300 15 01 series doawn circu it with an
oudpun it pedance of 3800 Therefure, AC vullure aeress Lthe losd resisior s,

¥ o 475 My = 4.2 mY
= - - M [
0T q3xp M HFTEM JIm

350 0O
Sm¥ ¥

M0 K 3K

Fig 5.44 Fur Prublem 574,
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SUMMARY

4+ In order that for A transistor, Emitter-Bage junction 15 foreard Biased and
ol lector-Base angfion 5 réverse Based, Diasing circuil must be employped,
The three types ol blasing circuits are
I. Fixed bias or Base bias circuil.
2. Colbectur (o bave brus
3. 3ellbias or Cmiver hias
* Self b eitcuit is commomly psed. I ensures fhal the operaring point is in the
centre oF the active region. The operating paint i defined by |- ¥, and k.

¥ee
2

Usually ¥, 1s chosen o be equal Lo
» Stabliry factor s a function wf [ B Voo
dlp
S al, .o
and ¥ = Conslant

Cieneral Cxpression for,

R

I+ =E 4 f

*

5=(1+H

- Cwicscent point O, (o opgrating point of hisring point) changes with lsmperg-
fure. 5o to nullify for the effect of Iemperature, compensating mechnigues
maklse e wsed, The Cincwils am

I. Diode Compensatton bor ¥ e

2. Dhede Cormpensatien forl

3. Thermistor and sensistor compensalion.

* Thermisters have nagative temperadure coelflicient. The materals wsed are
oxidesaf Nickle, Cobalt and Mangansse. Sensisiors hawve positive lempergton
coeffickent, They are very heavily doped semiconductors, resembling metal bk
fhermal characterisfics,
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OBJIECTIVE TYPE QUESTIONE
|. Crperating point 15 also known as
2. DOperating point depends upon the fnl]-:mmg BT parameters ...
3. Fora transiskor tn function e< an amplificr, the operatinge pointmust be bocated al ..o,
3. Fornormal amplifier cireuits, the operating pointis chosen suchthat ¥ — oUW
5. Fixead bigs circunt is also known as ... ..
G Self bias cirent is alse known 45 .o :
T Slabiliny 1actor Sasdefimed 88 5 = . .
B 5 isdelined 85 5= e,
2 Stability Factor § isdefined as 8 = ..
19, Generad expoession for S = .
1. Expression for S for self bias crenil s o
12, For both Siliwon and Germanium, ¥ ooV oul in voltaee deerenses at Lhe mteof ...
11, Thermistors have ................ iperature cosTiceent of resistance
14, Seticonductor materials buving posiive emperatuce coefhoent of B (FTCR) are
called..................
15, Materials used for Themmistors are ...
ES5AY TYFPE QUESTINS
1. Explain alout the teed for biasimg in electronie circuits, what ace the Tactors affecting the
stability facton
2. Imaw the Fixed bizs circuit and devive the expresgion for the stability factor %, What are
the limitations of this cireil 7
3. Draw the Collecior te Base bias circwtt and derve 1he expression (or 1he stabilty factors
What are the timitations of this circu ?
d, Dwaw the Self nas circuit and obiain the expression for e stabrl iy Twcter 5. What are the
advantages af this il 7
3. Comparc a1l ihe three biasing ciFcuids,
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&. Fxplain the tgmms: Thermal Rimaway and Thamial Resistrnce.

7. Explainthe terms Bias Stabibization and RBias Compensadion.

¥, Drraw the circwits and explain the principles of working of [Hode Compensation for V|
and |, .

MULTIFLF CHOICE QUESTTONS

L. YWhen the inpot is swmmelrical, to operate the BIT in active region, the quiestent
poand is ¢hnsen
{a] at the top odge ot the load line
{k}  althe bolom edge of the ltad line
{21 althe centre of the lnad ling
{d)  cen bechosen amy where on the bad line
2. AC Ioad line is alsv kovwo as ..
{a]  dvmamic [0ad Tine 1B} vanable lead line
(o] guiescent load line {4y  wclive [oad bine
J. For better stability of the amplificr circnil, value ol atakilicy factor '5* musi e
a1 ldree (b1 s scrall s possible (o 1 (dy 0
4. Fur fixed bias circuii, Lhe cxpression for siabifity factor *5' i

s I+§
fay 1-p (b1 | +P () =B, . oy L+p
o
id g
5. Yoltagc divider bias ar wniversal bias circuit is alwn koown as
(a1 selfbias cirewit (I golleclo bias ciecum
{2} collector to bage bias cwveuil (dy  Fixed bias circuit

6. By defpition, éXpredsion fur stubility Taclor 8" is

5" = 41 57 EE L | K
{al 7 Hp vk LT P .
L=k )
a | a1
S|| _ _|1_ H.- - _|'I
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10.

Thee units of stability dacior § are

(a) ohms (b} eanstami fcl  mhos (dl  wolt-amperes
Compated to silicon BIT, ibermal stability for permsitin trabtksiors 5 ...
(1} pood (b} poor (21 same (d}  can't be =i
Seunistors have ... temperatire soeflicknt

(a2) -we b} +wve } 2o {d} Mone of these
The units ¢f thermanl resistance

8} ‘CHY b} L7°C i} °C {dy ‘c,



fn this Chapter,
4

A Transistor { BIT } can be represented as a group of elements consisting
of Current Source, Yoltage Sourcs, Resistor, Conductor, ete. Using this
equivalent circuil, it is easy to analyse Transistor Amplifier Circuits.

The Transistor is represented in terms of h - Parameters or Hybrid
Paramelers.

The values of these parameters vary with the configuration of the transistor
namely Common Emitter ( CE ), Common Base ( CB ) and Common
Collector [ CC ).

The expressions for Voltage Gain A, Current Gain A, etc., are derived
using these h - Parameters.
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6.1 INTRODUCTION

In this chapter, the definitions of h - parameters, expressions of A, A ete., in terms of h- parameters
Are gIven.

These are also known as hybrid parameters ( h for hybrid ) so called because, the units of
these parameters are different, Ohms ( £2 ), mhos { @ ), constants cic. Because the units ane
different for different parameters, these are called Hybrid Parameters. In defining these
parameters short circuit and open circuit conditions are used

In order to analyze different amplihier circuits and compare their merits and demerits,
equivalent cireuits of the amplifier must be drown, These corcuits are drawn m lerms of the
h - parammeters. The transistor equivalent circuits assume that the operaling paint is chosen carrectly
and dees nol involve biasing resistons,

An amplifier circuit is one which will increase the level or value of the input sigral, I the
outpul voltage ( V r} is greater than input voliage ( "-"i 1. it is called volage amplification, Similarly
i PI1 - I‘i. i i3 pu-.'iver amplification. The voltage amplification factor is represented u:i.-ﬂln,If amd

Am = ‘l-'n I "-’i
The other parameters of an amplifier circuit are:
Input resistance Fl‘.i [ or input impedance .'E.r J
Dl eesistance R: { or output impedance J‘I“ or out admittance ‘:’n I

The resistance associated with the amplifier circuit, as seen from the input terminals of the
amplifier, into the circuit is called input resistance ( R ). For a given circuit, R, must be high.
{ Ideal value of B = o ). Because, when the input signal souree V_ is connected 1o the amplifier
circuit, l:h-:ampllﬁcr circuit will draw current { 1, ) from 1""5‘ (1= "? /R, ). ITR. 15 small, I, will be
large, which V', the signal source may not be able to supply. 5o ‘u’i may fall from the set value
{ dueto loading effect ). 5o R: miust be large for a given amplifier circuit,

Similarly, the output resistance R of the amplifier must be small, Because, the amplified
signal V, must be fully defivered to the load R, coanected to the amplifier. The signal voltage drop
in the amplifier must be as small as possible. So R must be small. Ideally R, must be zero.
Output resistance is the resistance of the amplifier circuit, as seen through the output terminals
into the amplifier circuit.

6.2 BLACK BOX THEORY

Any four terminal network (two terminals for input and two terminals for output ), no matter how
complex it is, can be represented by an equivalent circuit, if there is a conmection between input
and output, as shown in the Fig 6.1

I
i 2
= * A C e =
i\ 1
: 8 Linear circuit Vs
v * H De .Jr

Fig 6.1 Four terminal nework.
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IF a woltage Vi applicd at e output tetmanals and correng 1, is abloswed 1o Flaw o Lhe
cireuil the Thevenins equivalent circuit Ieoking smo the ingut temanal s i piven by g vollape ssance
Wi imseries withan impedance Zu . Simalarly, ifa vehage ¥ s el the input, the eguivalent cireot
can he Tepresenied Ay a voltape soutce Yo, e osoncs wyih an impedance Foy &0 the Thevenins
cujvalent ciredit redoces as shawn in Fig FF i

L 7o o, |

? ] |
v LV @m: v,
S A

Fig &2 Egaivalend vircnll of a fonr lerminad network.

BuL it 15 convgnient W represent e uipul cquivalent ciccuits by tollnwing Nirtons Thesem

Yo,
A% 3 CUrTenL pemeraluT .E-u- in parallel with an impesdance of ?,nz. Theretore. 1he final eguivalam

cirguit reduces 1o 8 shown in Fig 6.3,

|I l|I""'l [E
———t ['
i " $.
I"'Il I Yo, Zn, -.,r:
'-|F Zay ) 'J.f

Fig 6.3 Equlvalenr circall witk (he chrrenl Soorce.

Whal iz the relationslip Tetween e Yariables ¥ 1, \e'?. [, Al the constanis o ihe cirgmits
Lo Eu "-.-r:.] "u’-::-,, etc? The general syivbols that are used i these ayaivalent ircuits e
ilned s
'h“: Mvoltugs ¥ 15 applied to the device, the resulting input current ¢ 1 fhen the ralio
Vi
i| represents the resistance . This parmmeter represents wmpal resistance. Linits ate
Chhens [ €3 0.
B "n"n i5 relaled o "-" as &, = h Yoo s called as Beverse voltage main.

b ]hn current in the rtutpul clrcurt d:p-md5 upon the forward current gacn and magmitude

of the input  cument 1. Henee | and 1, are related ag 1, = h]l I,
b The mutpul of & device has some sutput resistance or ad mitance which is represented
A% hz: Thes 15 awfput adnntia e pakamicier Lnits are inomhos o 7F 1

Therelore, for transistors we use. b tor Lo ar II,J fior 1740, and soon.
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The equivalent citcuils for a transistor can be represented as shown in Fig 6.4,
I

-

] rII||

-|.I P."Iﬁ‘l'l"_ »
+ A
""'1 h |21"'I: | h:r [I h:: ""Ig
¥ ¥

Fig 6.4 Egufvaleni circrdt of @ irausistorn

This s the hybrid squivalent circut {r a iansestor. From the squivalent cirot,
‘-r"l - hHI +h W,

L =h, 1 +h.V,

These h-parameters are constant for 2 given circun but they depend upon the tvpe of
Configuration i.e. porameters vary depending upen , whether the ciccuit is in Commen Emuitter, or
Common Basc or Comman Collector Candi 2eration.

B0 these are represented as hlt. hm, h. and |'1l m {’nmman Frutter Contfiguration. The
second subscnpt *e” indicating Commaon Emitter. In {ommeon Base Configuretion, these are
represented ash . h ok, and h.. In{ommaon Collectar Configuration, the b - parameters are
represenled as hi, hﬂ, hrh and hm. The recond subecript*h' and “2° indiesting cnmmon base and
commaon colleclor.

The pencral equations are
W o=h L +h_ ¥, T . %

i
L=h I +h ¥ e £ 6D}

From the first equation 6.1,

¥
h'|=_l when "||"!=I.'II ........... [6.3)

I has the units of Resistanée and ¥ — 0 indicates thul oulpul is xhorted. Cherefore. .FI'J 5
ke inpui _FE.!ii‘.fﬂ'H-EE when sufpuf is shorfed. |t is represented as h_e, in C'omman E !!rlcr

Confliguration.

1,

b, = - e [ BA
This is Forward Currens Transfer atie or Farward Carrens (ain, or Forward Skorr

Clreaid Coarrenf Ggin ¥ =0 moans, ratpuliz shorted. Seennd syhsonpt'c’ m b represents CE.

Configuratior. - "

LR Y

¥
k - L.
1’ 'I.-'! _—
[t is the ratio of input voltage to the catpul valtage, Hene it is called as Reverge Fofrage
Groin, with fepur Oper Circailad, rince II =1
h - &
i I'"ll! Iy md

This parameler is called the Cudpar Canductance whena Mee Inpui i% apen circuited.

e [ B5 Y
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B2 0 CHotenT O oh Dcramcy,
In the auwdin frequency range, the b - paramcters aee real munbers { Integers 3. But beyvond this
Frequency range, ey become comples.

The reason is thar i the awdio fregquency range. the effect of Capasilancee and nductance

are nepligihle. Capacitive resctance, ""1- = If I is small, '.!l:(\ = o= and can be neghected

|
il
(Lhpen Circuit). Inductive Reaetance X = 20l M1 1 is small X, - 0 snd can be heglected
[Shon Circuith, Beyond. audia frequensy eange, they can’™ b2 neglected  and resclonces mus
also he considerad Transislor can be represented as a w0 pord active device . His specified by
Lwa voblwges imputl and cutpul and two cuments input and vatpul . 'he Representation can be

shown as inthe Fig 6.5,

L] II o I! _L'

T . .
111 Two Ponl Astive Doviod ¥,
T.

Fig 6.5 Bleck diagram,

Currenl Mows only when there is closed palh. Input current @nters the two por device and
the output curmzal lows threough the retum path beck inta the device. Heree 1he dirsction ol 1 is
. . . £
as showm. Mo of these 4 quantites | i % %, biwncan be chosen as indepondent paremeters
and the remaining two can be expressed as variables.
A teansformer is & two pont device, But V. and "-.-'E cannot be chosen as independent

Vool
pacaieciers becanse ?L = T Henge we cannct chaose independent paranicters o our chaice.

[f v, and i are chosen as Independent Variahles, then v and i, can be expressed in terms
of v, and i | )
v, =h _|i| +hv, S | Ef':l j
i.l_ hIIII k l'I:*\'Q — %
h  isiniy b, 15 constant, b, 15 constant wnd b, , 15 in mhos. All these are miod the same
dimengianally. Hence these are known as Hypbrid Pargnserers. Suffix | indicates inpul side 2nd
Suflix 2 denotes ouipul side, h-paraneeters arg defned as,

| . .
0o IJ Input Besistunce wath Outpod Shoered. (137
1 Lpan
_Hh Reverse Yoltage Gain with Input open ¢ircumed
oy ij.n  (Ilimension Less)
h,, = 17- Forward Currcnd Ciain with Cuiput Shoried
I

w3 il .[ Dimension Less ]

Ouiput Condoctance with Input Open Crecoited (77 )
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But. according o TEEE Standards, the notation used a2 i for 11 { anpat ) 'o° for 22
(oatpur 1°T" Tor 21 0 Porwacd Traosfer band r7 = 12§ Feverse Teansder 3 The subseripts b, 2 ar
e are used to dencte Common Base, Commuon Cuollector or Commuon Eimiter Condieurantions. Thus
for Commoen Emitter Conliuratems,

the wyuelion are
v, = hltil +h v e L 89 )

(!
i?—hﬁ_iI fhm_'.'?. .......... { 600}
Hihe deviee hag no reactive ermupanents, the hybeid paramciors arg real. But ifthe device
congisls of peactive clements also, - parameters will be fupetinns of frequeney. The four
v - parpmeters can be wsed b constraet a nathematical mode| of an Amplitier |n:u|t The Circuit

rr:pre&eulmg the twi eywitaons relatimg, v | 1A b 18 shewn i the Fig 6 & b, v isa Vollage
SOree h | 15 a Lutrenl Source.

- p
* LIS .CD FEL I, h.. .
{ ¥

Fler 6.6 f-paromeier ggquivales! circuse

2

8.3 TRAMSISTOR IIYBRID MODEL

In drawing the equivalent corcuit of a transistor, we assume that the Transistor Parameters are
conatant, With the varialion in operating paints, fransistor paramecers will alga vare. But we assume
thal fhe Quiescent of operafing gaoint wariation is small.

The advanlages of congidering W-parameters Far transtsoor an
1. They are casy o MEQSLPS.
2. Claw be abtaied rom Trawiistor chardacrerisfics.
3. They are peal numbers af audio freguencies.
4, Cumreniend b wse I8 circwit desigm oo aResis.
Manufactures specify a set of h-paremteters for transistors.
6.4 THANSISTOR IN COMMON EMITTER CONFIGCLURATION

The variablus are ih‘ i, Yy und ¥, . We can select i:. and ¥_ il mdependent pardmaeters.
Y, o t'|1 it and '-'::I wnn (&)
These are DO guaneitivs Twcrementad variation rElemonioery
Changresy in O is comsidersd ar ac guoasity. S small feteers v a0
ure ueeel.

Theteinr, 1i"h depends upen ib-‘ and also the Yaltaee across Collector and Eminer is V{'E
L= LE.v)) e L B11
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Makinp 2 Taylor Series Expansion ot [ | }and { 2 ) and neglecting Higher Crder Terms,

L1 I N {603 )
0T e Mt T . e LB
1 I, il
LA
e B R R EALE
e v, ’ ;'hlr "h '

Av AL arg AL quantities and { Ingremental Variatinns in Do quantibies 1. The quantities
A AL Av. and A1 regiesent seall signal { incremental bbase and calleetor vultapges and cuments.

Tleey are represented as LI Yo and i,: [ AL gquantities. so smull letters are osed)
. '-'l_—hu_ih*h"__'-'c v LBES )
[{. '-hﬁih-F hw".-t, ALY
ct di"'-!
white h = E: ~ iy, _— ¥, 15 kept constant N W
h = ﬂ= [6.18)
m dn ||'.-‘| y L La
[HC values of ih - Kor ¥ K
oy
h, s e [ &.1%)
T =k
1 iﬁ=Unrvl_ =t
b N
hIEIE - . (i, 1% keplconstaml} .. [ 620)
-k

Farameters 017 o 6.20 represcnt N-parasgatars For C.E conbiguration feom equariong
C3rand {6 ], we zan draw the eguivalent ¢irl.
4.5 DPETERMINATION OF W-PARAMETERS FRCM THE CHARACTERISTICS
F A TRANSISTOR

The patpug charpcteristics of o Teanswsiows i Comivon Emiccer Configuration are as shown in Fig. 6.7,

“Limy) —— L

Flg 6.7 Transssinr awtput characteristics {To determine b b praphically)
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[ 4
d can be determined from sidpot c‘.&ﬂrm‘-‘ﬂﬂ.ﬂﬁ‘j' A . .ﬁ'" can b delermined

Jrom LJj;m CRERICPIPFIENICS.
Swppose O is the Duiescent Paing arond e n:rperating pamt he 15 to be detenmined. For
b, . we have oo take e ratio of mecreniental claoge i k::plng "n" L-I.':II'.IFI.-E.I'Il Frarm the cuaigl
i[l-ﬁﬂl:IErISll'i:b %0 values | I .i:l.l'ld 3, e Lakkn wrrn:z-p-und:nglu I and i I . Then,

By 1
h{I.:ﬂ. "_':jj_lltt"‘ I|.l|:I

by, i5alse kmown es Smali-Vignal Beera ([1-] ol'the transistars. Since we are determining
the incremental values of Current Ratio nfi and - iz repregenisd as 5.

G is represented as h and i called |Br‘|.'.'-l: EIE]'IBJ BB —: ."I. since here oo incrementsl valyes
are heing considered.
_ diz

el

Duput characienstics of B transistor ane ]:IIIJ'H-I::-I:' between 1_ and v Therelore, h iz the
slope ol the output characieristics, comesponding Lo a give n velue of Iatthe operaling pumr tor
{’ommon Emitter Configuration, in exactly the same way wie havie drawn for amplifier system, the
h-parameter equivalent circwil can be drawn. ‘The Irensistor in Common Emitice Mode is shown
i0 Fig. 6.4, The h-parameter equivalent is shown in Fig. 6.9

h

L]

—H‘. hig b
B =
f L 1
. ny 2 ) -

L II hh]h vnr
! l {
- E . E

FiF 0. Egmivalend circalt v CF, conflgrration,
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3
Fguationg are Tb'— hu_il: b h"v',: ....... (621
e hﬂ_lIJ ' hﬁ\-'{. ......... {62321

4.6 COMMON COLLECTOR CONFICURATION ( CC }

The XN Transister im Controon Colleoror Configaration s showwin Fig & 10, The b - parameter
equivalent ¢ircut i shoanam Fig 611,

—+i b
.-_'l_--.;l._.'u,., . F
4 8 . _ I
| b ¥ : _J_-J"u'., h,,
¥ _ ¥
¥ l
g C
Fig 6. 1 Comon collecie: Cir 6l Egwivaleni circall N comnon
corflpurarion, ciifeefur,
Fouations arg, ¥, = hu-in'_ h.:"} .......... [6.23 )
i= =h i +th v e D24 )

Commos Bast Coafiguration [ B }

Transistor in Common Base Cu-nl'lgumltiun i5 shown in Fig, 6.12. The heparameser equivalent
circuitis shown infig 6.15.

—i h =i
E £ Y - S C
ﬁ oy T - Tt
h W S
‘-" B ul. .l" rl ".-':;:] "-\.Ir:I I'II| .‘I:
|
l T l l ]
B = B
Fig 6.12 C.K Configurative. Fig 6.1F Eguivalent Circaii in C.8.

The equations are, v =h i +h v

rh r
i =h

|||..-: T h-chlrlc
The abowe carcuifs are vahd for PN of PXF Transistars. Far FINT Transistors, the direction
al current will be didlerent fnonn BEX Transistor,

Therelore. st lhe operting peint. 0, o tangent AR 18 dravwn The slope of AR gives h .
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b i, Vi
] 1] d]!__ i :'l"lr
'*l 1
av, v :
= ", BE l'r' -
g, b L
This can ke obteined from the inpot T
characteristics. The innut characiensiics are drasn :
a5 shown in the Fig &. 1d. Then a tangent drawn at P
e peraiin int an:Ad s slope dirceily gives b . -
am Y& - I
v,
h_ h = a Fig fiI4 Tp derermine k , & graphicafiy.
Ay
v =k

From the inpul chacoctenstics curresponding 10 two vales ‘u’cl and UE, 1-.-?EI and VH? ape
Vi, = ¥, -
noted them the ratio -.,- _ 1..' giw:s. h..

Here we have seen the methods of determining “h™ parameters for Commen Cmovler
Confiperation. The same is true for Commen Base and Common Collecior Condiguralion.

.7 HYBRID F'ARAMETER VARIATIONS

From 1le above analysiz, mois chear than, when "0 {he pperating pomd is given, frons input and
© putpul charwcterstics of the given ransistord, we can deternime the h-parameters Comversely if
the uperaling puint £ r:h:mgmg.. the *h' parametars will alse change., [: chinges with wimperatureg,
Hence *h* parameters of 8 given ransister alse chanpe with wmperature because sthe oulpul and
input charactenstics change with termperature . Hence when the manufactiores specify typacal
h-parameters tor a given teansistor, they also specify G operaling point oml lemperature Specifing
Hre operafing poinf i giving fhe valugs ::Jf'!"_. 2 and F:.'E { DL Fxlnes ).

hg the solal signal current amphiaticn factor i very gensitrve to 1., s variations is ag
shown i Fig @13, The vanation of hr.,- will [ and Temperatare T ane shown in Fig, 6.16.

I I TEC
by, Y =K -
CE I, 5T SIFL;
/ﬂ
[C It

Fig 615 Fyrlation af I:F wilh I{, Fig 6.7¢ Farivrion of & D with [ and T
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W are derepnining these b pararmsiers froo the stanic OO charactensiies of the lransistons
Bur the *h pardeneters are delined with respect o AC volteges dnd curents. 5o AC vallage ¥
may hc represemied as smadl chapges in (30 fevels of W Hlenee the abave graphical analysis
is poreeet . We are faking incremental valves of DC to represenl AC quantities. Typical values of
lv-paramelers af room eniperature, in Lthe thres Ieansistor conlligurations, name ly Comman Emitter,
Commeon Collestor uttd Common Base are given in the Table . 1.

Ticbde 6§ mparivon of Reporiabaiies e the tece configarancs fat £~ L5 aedy

Farameter CF Cf Ch
h NI ATy, 1160
h 25 4 - Jox10”
h a0 =i -0a93
h. 2dpAiny PRI 0 d9uATY

6.8 CONVERSION OF PARAMETERS FROM C.B. Ty C.E.

The cerewit shown i Fig 6.77 15 fhe b parsmgrer eguivalent cimouit in Common Base Conlppuration,
This cirgsnl 15 10 be redrawn i the Common Emitter Configuration. In Common Emiter
Ct:-nﬁg,umli-l:ln Emitter 15 Lhe commun point fn €. B. base is common poimt Henee the abave circunt
= b be redréwn so as 1 get “E' emutter, as the common pnint. Hence invert the voltape source h
".-" From the -ve nfh "l.-' 2 W R0 tnl1 [ pmn'r

h
]-'=:-"-.-'-E-— —
| "

h ¥, &) [ % "
v, I Y,
l .
R B

Fig &17 h - paraneeters it ol OB coddi pueation

h [ 15 85 showm. h is in parallel w:lhh I L5 BLIOS5 h-nh 1 15 cntering |nt-:+h I a.r:ldh
Thare i |5 NG connection IJ':I‘WEI:I‘I Fand " tr:rrnmais I-ﬁ:nct: the ¢ircwik has to be drawn a-’. shnwn o
the Fig. £.17_ The circwlin Fig. &. 18 is exactly the same a2 Fig 617, Huot the figure in 6,18 i tn
Common Emitter Configuration.

T e

hrt"ln:lf f, E‘}[-}nrtvﬂ n

E“ T b, j b Yee "V, Ihe ?“ b In
E E E

Flg 618 (a] Egeivalent Chreaity Fig. &.18 (%)
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L™ . -
|'|"r =Y, - Reverse Yoltuge Gain
But ‘v’u = ".-’lﬂ + 1"'r-.-: [ of redeawn equivalent circuil )
VetV
L1 1"'r-:: EE-D
l'|rr LI + Y
"'rlit IB a

Ifl, =Ml =-1. Therelore, |_ + 1.+ 1. = iod any Tn&ususmr Bl the current Through b,
ial, {11 m u:-ppmm: 'IitiTEi:ll'l:lll I,__ gets branched trough ]|

Hence hﬂll I—IIr
: b L 1= L
1:-:_' I=h, L+L.=1 {1 +h)
Sinee b represents conductance, [ = huh. V..
={1+h YL veeeres [BL2E )
h, ¥, =(1+b
|
o I, = | +hp,

Applymg KVL to te cutput mesh,
h.b“;*hm"'m t "u"hc+"r"“—|:|'

{tllhhub}"‘llhr
- W=—hﬁvm+vm+v#=u
haba v gV eV .
[P L 'Y h.r‘rh.+"'rrﬂ—'l:|
|+h.“.|
hll:-.hl Y
e I+ hpy LA o
Mo {1ty )
w W | highyy +01- by Kl +he, !
Ll - h
Hence h - l+om= _ hghg —tl+hpthy
"Illu, h|hhoh-r[|'_ rh:H:l‘l'h&_]

hyhoy - 001 hy Mg

Bt hlh << 1, and h-ahhn:-{{{“. hl'b}z (1+hy )
h,,h
Henge, b= Tope MR (626}
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1I|-'-:
b oo he
13 Ih",,.

7wy cormec L iwrtinals © ond B regether, we ged the <ircuid as {the seme redrasn cireuil m
Commcn Bage Configueation wilh C amd B shorted 11z shawn inFig 6.1 5. Applvitg KVL around
the [ meesh an il lef hand side,

‘I.-':IE 1 h_hlE _h.l“f ‘v‘:tl—- 0.
h.h I. -+ hrl:l ll"lb-e_l""

Ve ™ ¥

. - i I _ hl '
Combining these two cquations, [ =- [ Ii g e
ih

Applying KO wonode B,
E+I "'h I h "l.l’ =1]

or i—U-hJ 'W *h ¥,
I-rl,,
W
Hese b = l—'*' =1 %h_}
1- -
b, <=1, andﬁ UJE f’-:.(lt-'blﬁ-.rb] e
h
—
[ b o= e e (627}

6.9 MEASUREMENT OF h-PARAMETERS

In the circuit shown in rig 6.1% w determing the h-parameter, FMP transistors are 1aken oto
acorunt. The operating peint s chosen by suitably adfusting, R, ¥ and ¥ . there by adjusting
the valoes n::nfl . amd "'.-" The h-parameiers depend upon the fn:qu:m:'.r n‘iﬂp:ratiun- 8o the

Fig 819 Circwil jur defermining B - porgreerers.
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signal pencrator i adjusted (o be TRHE, at which fregquensy notieally a1 e trapsistor [ pararmecers
are spesilied by the manelaciures. 1| K1z s i the audio freguency cange. So tke f-porametery
re assamed o fe real wf agdiv fregueney. The tank Circoitimpedence will be very high aithis
fmegquency. ol the order of 300kLE. Thix is very high comparcd 1o the inpul resistanee of the fransiston.
The wank circuil is tuned t0 the same frequency nf the sigmal generaior [ 1KHZ) This will prevent
wny stray nick wp. The stray signal will pass throngh the LC tank circein, since it offars least
impedange. 5o sparions sighal wall net affect te nel yobtages and varments o f Bae waosistor, while
deterimimine e i pararmeder,

The wame, tank ¢ircoir, 12 wsed for LT Paradlel crocail, because enerey 15 stored in these
elements, 4y wiater s slored ina lank.
_M LM

h, = I L= E
i vl \

Since the mput resistance of de dransistor 18 small compared or the Yank Circuit Besistance.
albthe corrent [ Tlaws brto the rnsstars dlone. R% 1 peehirible comparad 10 R_r { IMLE D

Ve
bR,

o I1 and hr: are determined when ¥V = 0ot 1he collector s sharted v rround . But if the
collecror is d1reuw connected 1o the smound, T will be diflferznt and 1"'1:&' will be different. The
aperatng poinl will change b parameters. Dl:pn::m:llrlg an the operating poant h - parameters differ,
Hence AC shorl cireuit as ta be done . C_ will black 1007, Henee the 1007 vahues of "u’ E I weill it

change at ail. Hwd the AC. Yaoltage of ",: is = [baor the enllactor iz af growneg pu:ﬂentmi ﬁ:rr AL
voltages . 5a this is called ACT shor ereuit.

' W,
Mow h - —& ol =2
S A K,
l. W,
hﬁ_ = r|_-, =2
[ll ¥ =il I:!:I
1-E
!
f "I,._I:;

when: ﬂ.-'n 15 the voltage doross B

h_and h_are defined when | — 0 er inpul s open ciccuiled. Therefore, the Lank circut
impedame is very large The input side can be regarded as open circuit. The sienal genecubn is
connesied oo the ovulput side(as shown by the dotted lines).

LI I
Y Iy =l Ve
h = .I-: _ !c _ _"r':'_ 1 = h
LA v Fy ¥ R,
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L0 GENERAL AMPLIFIER CHARAUTERISTICS

An amplifier penerally produces an enlareed veriion of an input signal. The wrmplifier may be
thaught oif'as a black hos, that has tao input terminals; and two output terminels for the conmeclion
ofthe foad and & means of supplyisg power to 1 hc amplifier. O of the input and utput terminals
will be comman for the inputl and cutput [ Fig, 6.20 ).

THD Somree

e e e L |

IEI lopui - AMPLIFIER ﬂuiput?“._

Fig 6.20 Block scheanttic of amplifier.

The rignal toe he amplified may he AC or DC. Inpot signal is a toww level voltage such as the
ang phtaincd from a tape head, o a transducer like thermocouple, pressure gaoge ete. The output
I3 can be a loud speaker inan audio amplifier, o motor in a servo amplifier or a relay tcontrol
applicatians. Inany case, the outpur of the amplifier is an enlarped version of the input to amphify
wneans o inerease the size. Sain the zasc of elecinical signals, iFit is voltage nr power amplifications,
tiere 15 some addetional enetey being _gained by the output signal, Encray can be ngither created
nnedestroved . 5o this additional enerey 15 hl:l!l'lg gainerl Inum the 00O bias supply. So witheu "'.-’
or MM Bias Wnltage. (in the case nf transistnr amplifier circoit), the circoit will not work.

The notationg that are used in the case of amplifier circwit are [ Fip 6.2 )

lepat AMPLIFIER Caipat 3 Ry,

|

|
Fir &21 Block schemalic,

Y = Open ciicuit signal woltage

. = Rource or signal corecnr.

IE.=~ = [nternal esistance of the sowrge in L
R, = Armpliliernpul resistance.

\-'1 = Amphlier input voleage

‘k’ﬁ = Amplibier oupul voltage

’ = Aripliier culput curtent

i = Load Resistance.
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L _ L peak lepeak
- ! = | 1, =
Currengfigin A =1, i, peak o peak
o _ vy < Yupeaklopeak
Voltzpe (rain AL el V, peak topeak
P
Powwer Gain A - L= Tuia, = AR
l'.l W i*e '

Apamphifigr may or muy ol ':K]Hl}l.t both weltage ond curment geins, but in general,
exhibits power gam.

4. 141 AMruifnier Ivpur RESISTANCE R.

The ampliler ¢ireuil présents & load R to I|'u: source whech can be 50 £ w few thousand L3 far
transitlor citcuits.

The wpurl veltape w the emplifier will be reduced From 'ln-" vy an amouont that depends on
bath R and R {Fig.6.22)

b E

e

Fig 6.22 Iapur side eqaivafeny circalt for an ampilfer.

v E, +F; y L+ E&

I
IR =>R_the inpan voltage to the anplifier is shme as thal of V. orif B is small then also
V=¥ usua]l:. = 50 {1 From the above equatton, we can delermine the mpui resistance of 4

glven ampllf er CirCuil by ot the open cireuit vollage af the vulta,g: sOUE ".f and Ihen vol
¥ after connections o the awplilier. IF R of the v lage sounce 15 known, R can be calculated.

b.10.F AMPLIFIERTIUTT mr.mum:.ulit

15 used W denole the load resistance. 3o Rn is the outpul resislance of the amptifier circuil

f#“:g 6.27).

The amplifier can be represented as a vollage source in series with inlema| resistance of
R_in parallel with B is the external load resistance K is the amplification factor.
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V=KV, P ok e —
° ' R +E I 1-.F|'IJ
R'L

Cutput voltage ¥ - can be weade large Ty increaging the value of R, But the ompul curren
will be small and so the Cirten gai will fall. FHence poseer gand will alss be less, In order to g
maximutn power rain, R, should be matching with R I should be complex comjupate of R
according to Maxitum Power Transfer Theorem. For ‘this purpase, matching translormers are

(RN

usad LR_1 = h_!;l in the output stape of an amplifier. Similacky matching ransfonmers ere also

usel 1w couple one stage of an amplifer to the second stape, iF e input resistance of the second
stage amp |ifer is very small.

Fip .23 Ouipser side eqaivalenl clrewdr,

Conversipn Efficlency !

An amplifier circuit draws energy from the DL.C. source and amplifics the A.C. signal. The D.C.
supply provides the major pomiion of the cxra encry.

AL signal power deliveredto the load | iy
11.C. input prwer to the active device Poc -

Thaz s also known as codlecior clrowlr gffichency in the case of irans iswwr and plate citcuit
efficiency in the case of tube am plilier Cire s

Froblem 6. f

A single stage amplifier emplaving ane active device, is powered by a % batlery which  has s
curment dram of 20 maA. 10 the Ioad voltage 15 3% at 12 m A, dergrming the conversian 0.

B W) = 3wl )7 = J6mW
P = Wieloe =98 20001077 = [EmW

ﬂ:i'ﬂt 1141 = ED!"iJ
180

LCodivarsion 1=
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611 ANALYSLS OF TRANSISTOR AMPLIFIER CIRCULT USING h-FARAMETERS

To form ransstor amphlier configumtion, we conmect a luad impedance .E and 4 s1pmal sourse s
shown tn Fig. 6.24.

Rj 1 II —
AAN bt
+ T
VSLCD ‘r’l Tranermator
il
v

Flg .24 Ampfiffer ofrcody,

"l.' iz the sipral sounce., R 1% the resistance of the signal source, and ? i the load impedance.
Transistor czn be connected in 7 K CBognd O C Condigeration, rnﬂnal}se these circyitg i.e. tn
determing the current gain A "|."|.'!-|T.H.E_E gait A, mpul impedance, satpul impedande eh;, we cah wse
tha h parametars. S0 the equivalent cimuit far the abave teansistor ampiFigr circuit in general (o
withowl indicating C.E, C.B, or C.C, Coafageratioin, can be denoted as m the Fie $.235,

R‘ i I| — hl 2
_.._%_F.__.__._md..T — :r —
+ + I L
Wy () (D $h v 34
i -
[ 3
Fig 6.2% R-pitrameler sqkiptalént circmit {general reperseniotion).
CurrenLAmplification,
1
A= ]—'I'i
But [ =-1I
A= _.J.?_

Bregative sign is because T, is always represented as flowing into the carrent Source.
Fora transistor MHF or WPM tvpe, iCi0 is Mowing -nut of the teansistor, 1, 15 repressnted as - [
Homw voliage across ? is 1aken with 2 as ~ve and 2' as -ve The dln:t[mn!: urJ are 3% shown
undl - —1

rrl:r'rn the nbove cirail we have,

1.=h | +h V¥,
r f 2 \
Bt "'-" = £|_=—I1. L iSinge | =T}
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. h
ar .-k

Megative sipn indicates that |I and I, are aul of phase by L&".
G.1L.L  ENFUT IMPEDANCE t X

Inpt impedance of any cincuil is the ]I1'IZ|'.I|:I:|3.I'I-E.-I: we measure looking back iow the amphiier
zircuit. Mew amplifier terminals are [and 1’ R, is the resislance nf the signal soumce. %o o
decermmine the owtpal z of the amiplification alone, it need not be considered.

: V)
r=—
. [I
Bui \-'I--hl l|+hrv1.
W, A
Hence 7= h, I'b, T e { 6.29)
| |
. . ¥, [zh]. .
Bul V.o=-1.%, e} fo=A K e B30 )
Substitusing the values of W, in Equationt 6.249 ),
Z=h+h. AL
-h
Bul Ao
I 1+h,z,
) heher
.
=h — hr hl
' 1
—+h,
L
h:'hr
Z=h v | e (6311
Y, is load admittance, Therefore, Inpur impedance iz a fungtion of lnad impedance.
IE 7 -0, ==
Z-h
b.11.2 VoLTAGE Gaan
"n-’a
A. - 1I||'
Bt ¥,- +1.2 --L £ Finee, L= L,
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Bui I:I = .-5.| . [I
' "'.I':=+.*"ILI.I. EL'
Yo MLE
¥ ¥
W
Bul 1_|= zl
I
heh
I. = hl _ I F r
R, Fhg
a2,
A= 5
. __hl I
A, = - Ty e L6332}

6.11.3  {HTHT ADMITTAM K, Tﬂ

The output impedance can be determined by vsing two assumplions EL = 1, and "'.-"l =0

-
)

|
‘l"n iz defined gs 75 with i{l = x

v,
Bui '1="r|| th v
o ! v d
Dividing by VI,
1. hy |
— =Y =L+h
1...! [ "i":. a

Fram the equivalent cirenit with ¥ =1,
Ii'.“.lI +hllt+h|‘k’1=l.'ll.
Drividing by ¥, Through out, we gef

Rel, hl
el =0

e { 6333

v, V.
I _ -h,
o - e £ B34 )

Substitute this value inthe equation for "5"a o equation B.2%

-h
- ——
v, (50

h, h,

Y =h -
e 2 h+E,
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Therekare, 2 = I."'l’

Therefore, uul:pul .u-dm:ll:anw 15 a function uf Source Rexsislance R where as ? is & funclion
ﬂf‘“:r If'R =0.%_ = h_. Since (bbb ) is very small.

ﬁ.li.-i 'trﬂ-I.T.‘I.EE GAIN A - Cuwn:m kG SURCE RERIETANCE, Hﬁ

YiL¥: ¥ ¥y
A w —ELtw—ch =
WV, M, Y,
This is the equivalent circujt of e input aide of the amplificr ¢ireuit,
= E!. 3 l_i.i
1||-'| Z +R, J"".,.,la":.ﬁ.,., ,
A = ALF v
W E-.i'H:i v C\.D 7, \."1
] i
L
A=+
Y ||.'I
Y.
AZ - "EL z
Fig 6. 76 Fallage source
Hun l"lll =I|.-£|. 10," =] x [E ﬂ'ﬂ'ﬂf
|
r r"
A JLL ]
LY | ]'IE'L A IL
M2
_ Al _ _
A Rar 2 IR =04 =A . e { 6357

Elence A, 15 the vallage gain of a0 ideal vollage source with zene lerminal resistance.
G.11.5% {LurRRENT GAIM "’"Iﬂ TIMNZIDERING SO0 RCE RESISTANCE

The inpul souree can alx0o be represented as a currenm souree [ oin parallel wit resistance Ra ar
yvoltage soirce ¥V in series with resistance R Maw ket us consider the inpul source as & Surrent

s:vnurc::mpamllelwuhﬁ. Thtﬂqumll.Enltm::mt & 1 +
! 11
1., _ [
Ay [5']|."’z l
A _]L__I_l Ei(*) gﬁs gzlvl
B g L,
L_ LL )
A'h__ls L B
| Fig .37 Curreal rource,
_ -1
—ﬁl. I, e [ BB
-1
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Fromue Fig 6271 = 55~

AypRy AR
{B‘. +? ¥ {Rg +.TJ
IR, ==, A =A . Therefore, .-‘|LI 18 il corrent gain for an ideal source

A

Wy II 1-“.' .......... - 1
AR,
Aw=Z 4R, e {638 )
A il
Cividing | and 2, A_H=R—L
L
. Al gl e [ 6.39 )

This equation is independent af the transistor paameters This is valid 1f the equivalent
current and woltage sonrces have tho same resistance.

b.11.6 PowER am .|!1.
Pi I'.-';JI
A2 T
1wl
=A _A
|
AL
L
A Z
AfZ
A= —JE—"' e { BT )
I
6.11 COMPARISON OF THF. CF, CB, OC CONFIGLIRATIONS
CE: O the three, 1t is the most versatile. [tz voltage and current gain are = L. Inpul

Aand awtpor resistance vary least swith FL and B . R and B_wales ic berween
raximum aud einimu far a1l the thrée n:mﬂigura!lnnﬂ Phase shifit of 1507
tetween ¥ and ¥, Power Giain is Waximiam.
CB: A LA, » 1. R |3 the lowest and R, is the highest - H has few applications.
Sumehmes L 5 wsed to rrvintch low impedance source ¥ ‘l..“ Mo phase shilt.
.C: "ﬁ"v' < oA is very lugh. I has very Adgh dnpur £ ﬂnd furmr -:un'pm A T
wred oy 0 haffer between high £ source and Jow impedance Jead. It s also
cafled 33 smpfter folfpwer.
Ta analvae cirgnit consisting of & nnber of Trangisters, cacl Transistor shouold be replaced by
#e equivalent circuit in e pacimeeters. The emitler base and collecior paints are indicated and other
circut eletments ane conneécted without alleong the aiccat Conligurtion. This way the cineiitanakysis
becomes casy.
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Example 6.2

Fiigd the Common Enaer Hyboid paraoweetars inctemns ol e Common Colecier 1vbrid paramelers
fora given rransisior,

Sofusion
We havetofindb. ,bh ,h_andh wtcrmaafh  h ,h, andh .
iz’ re’ fo o0 i et e e
e wransastor carcuil i Commen Collector Configaration is shown in Fig. 628, The
Iparameter equivalem sircailis shown in Mg, 6.29.

'li—lr
—i " [ 1—'.._
p T T
J) WYED Dkl
F v 1.. -
—|~|=t 3 c
t | |
Fig 6.2¥ Eguivalent circeit.

Fig 428 For Exumple 5.2,

C.C:
¥, h-.-' ib I hr'.‘"c

. " .
Ie hri. II:- hr.-l:.'vc

'e_hr.:'h_'l
= ihﬁ — 1"'.:: hr..-:'
yb-c'_l:h'hr:_hr: L v“—ll:.h_: Since 'rmTEI
1"|r|'l-¢
Tut hll_ !h ‘o
ILI =h . e L)
h o=tV =1
Ir Ib

i =—i-i=-i-h .1 +h
4 h 2 LI - o ar
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P

Ringe,

v. =1
o

=—j —{h_i -h v }

I ek e oe

e --iIcr hr..- ihi hu; L3 '.-:==ﬂ
—ip —hph
- i - il rh)
he = ={1+h_] e [ 42
'l"r
h"" .,.,.: Vemr

be
ih=D
h v, +¥

h —- " -1-h

[ 14 o= nc
hr.;: l - I'L“F s [ B4E )
h =i—'=|IJ =1

| of
'I::_i —i.h
But iu=ﬂ'
=i
1=V
—i'L=-L ||"=

ll"llnl 1"Ilrg-
i: =_ie=_h1': .h+1kr|:e hnc
hm=|:1‘:‘|= e { B )
ih=f.l
iL=% =h

L4 4.} [

h=h, is admittance in mhos (TN
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6.13 SMALL S1GNAL ANALYSIS OF JUNCTLION TRANSISTOR

Smoff Signal Analyats means, we assume that the inpul AC signal peak w peak amplitude §s very
small around the oparating point 4 as shownan Fig 0,30, The swing of the sipnel ebways lies n the
agfive region, and 50 the cuwlpur is it desborted. o the Large Sipaa! Anafpsis, the swing of the
Bpul sianal is over & wide range alound the opeating point, The magnitudes of (he input signat is

very laree. Becuuse of this the vpecaling repion will extend e the cul-off gon and also
suturation cegim.

— = Ve N\

Fig FE T l'}pemn'ug pr:-iu!' E.
£.13.1 LConitmon EMITTER AMPLIFIER

Contnon Emitter Circuit is as showsnthe Fig. 6 31, The DC surpply, biasing resistors and coupling
CAPMCLIUTE am nan shoswn simes we are parfonming an AT Axalisis,

2R,

C
e
Ve ) E

[rs
Fig 631 CE. Amplifier cireuil,

V5 is the inpul signal source and R, is tts resistance.  The A-paremeter equivalent for the
ehowe cirouit is Bs shown inTig. 632

W)

hr,_. =

r
lI"'I.'HE

[| = ==

L4 |E

L ¥y o
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|
o - L
e li: Il .
CFi, Bly,,.
.. [
B i =B =
hit
b g b, g R
¥y @ Ve ¥ R (D g " " W
'6‘ heVer
F L LAY
Flg &.32 R-paramerer sqaivilens circidl,
The typical values af the f-parameter for & lransisior in Commaon Emilter Configuration
are.

h =4K1{L

» e

since, h, = r 1

Yo 58 fraction of volt 0.2%, 15 in e, 100 pA and saon,
h Q.2 Ko
T Somiae

* [

h - N - LMD .

I-L' s in mA and 1y in puh.

' I'.I.rc I | ~ ﬂ'

I'r: =72 = 10} Beceuse, il is the Reverse Yoltage Gain.

. ¥nr . . __Inpun

hl".‘ ""'I{f an Kl'_'b - 1"'rI3E' - ':)U[phli

Dutput iz == input, because amplification takes place. Thercfore |, <= 1.

I,
h, —8p T and b = -

- vL'E .

INFUT RESISTANCE OF TUR AMFLIFIERE CIRCLIT ;R1}

The getreral expression fur R i the case of Commen Emitter Trensistor Circuit 15
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For Comman Emitter Configuration,

he.h
R=h - - I

I
h, +—
" Ry

B, depends on B . IT R, is very smull, RL 15 laree, therefore the demomninator in the

seeand term s smalt or it can be reglecied.
R, =h,.

M B, increases. the second fentl cannot be neglected.
B o=h,  {honevalue )

Therefore, R, decreases as B increases. TR, is very large, F:L will e negligihle compared
L
to b, . Therefore, R remains constant . The graph showing B versus B s indicated i Fig. 633
K, 15 nol um:cl.::d by Ry fE < LK€ and R) = 1 MEE 25 shown in Fig. ﬁ33

R,

IKD

3HI KK

Fig .33 lariarion q,f'}i" witkr K

r
B, vanes with Mreguency £ because hoparameiers will vary with Trequency. hy, b will
Change with requency Sof the input signal.

OuTPUT RESISTANCE OF AN AMPLIFIER CIRCUIT {an
For Common Ermiter Cotifrgu anon,

[
[
? h _[ ]"uhr= ]
*® lh_ +R,
R.g ts the resistance of the soures. I 1s of the order of Tew hondrad {1
R, dependson B . IR, 15 very sall compared w b,
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1
R, - W { independent of R, )
oy — o1t
hllt

Then, R, will be large of the order of Tew handred K22 TTE 18 very lunge, tien

R,~ 1 ~150 K&
h

The graph is as shown in Fig. 6.34.

=

500 K1

HH K&

Fig i34 Farlarion ﬂf.ﬁﬂ Wik H'j..
CLKRENT GaIN [A )

h
A= —r
i” l+h R,
If B is very small, A4, = hg = 100 So, Current Gain is largs for Common Emitter

Configuratron. A3 Ry increases, A, deops and wlen Ry = =, A, = . Becansg, when B = o0,
I, =0 Therefore, & - G, Yarotion of A with R is shown in Fig. 6.35.

lI
100 Kf]

R =
Fig £ 15 Wariwifon ﬂfﬂl with R, .
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Wornagr feaa .-'t‘j
h K,
b, ' B ihh,, -hghd

L

1
1 KEz —R"" I MEE

I
Fir o.38 Fariation E!,I'r..-'lv With RL‘
IR, is low, mast of the cutput ¢orreat flaws through By As Ry increages, oulput voltage

: . [ .
imcreases and henee A, increases. BotifR) =» —  ther the current trom the current gencrator
s

i the f-peremeters equivalend cirewl Mows through b wnd not R . Then the,
. I
Chaput Voltage = b, . |, —-
hl"l
{Hl_ in in parzBel with b S0 voltage azross b= voltags across Ry 1. Thercfore, Y, MeImAing
sanstant as autpet voltage remains constant {Fig 8.38).
POWEHR (rAlIN
As By increases, Ay decreascs. As B increases, A, also i reases,
Therefore, Poer diain which is the product of the twn, A, and A, varies as shown in
Fig. 637

_I::F-
1
B

-

s

.

-

Power Golin —

K, —

Fig 6.37 Fariation of A p with R,
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Fower Ciain i3 masirmam when By s e rooge |00 BE2 - 1ML e when B, e equal
to the euipulesistance of the o sistor. Maximum poser will be delivered, orader such coesdinmms.

Therefare, it can be supnpnaniged as, Common Emitter Transistor Amplafeer Cimeoi L will have,
l. Lo fo Maderare fpur Resipreee fI0000 - SR
1. Madferately fiigh Cugna Restieance CHEECE - F0X1]
3 forge Current Amplificetion,
d. Lorge Fodfoee Amplificaliis.
8. Lirge Power Cain
6. TEOC nhurecschifE furiwesn inpal v vatoul vialiiger.

Az the input current ig, mereases, - mereases. Therefore Drap across B, increases.
‘r"u - \-'{.(- - (drop and across R(.}. Thergfore, therg is A phase shift of 1800,

The amphifter circuit v xhown in Fig. 6385

Al ¥,
B

Rp €
AR L NPN
¥,

l' Re

e— ]

ir
Fig 6.38 L amplifier circail.

6.13.2 Covvor IAsE AMPLIFIER
The circut diagram considering andpr A.C isshown in Fig 6.39,

F
U
o
R, 3=
V.
Fig 6.3% {H Amplifrer circil.
veh
hlb - l_

¢ by, =0
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"'-'l__h it small Traciim of a vzl L: i inmA. So. }'uh L5 small.

I,
= o000 Typical Valuey
It!""#l
[ =k g, = |
[ |
Vo = — = 0.7 10 " mhos {Typical Yalue]
b, 2| 6.7 [0 % mbos (Typical Valee)
""".“-'“IL 1

L, will be very small becanse I, = U, This current Flows in between buse and collecior loop.

W - : .
M, - "..":% = X7 [0 Towpbcil Walue }
=l,oen

th iz small, hocawse ""'.-:h will e very ermall and ".‘:h 15 large.
Taren RESISTANCE I:RI}

hy-h .
Fl'.I = hub_ —1——t]!-- : hﬂ_ 15—
M, +=-
4 * (.
when Ry is small = 10U KL2, the second temm can be neglecied.
B =h, ~ 3
|
whin H'.l_ is very large, E— can he neglected.
L
hy..h
B, —h, fr. et
y

%a K,z W00 (Typical value) |~ hy, is negative]

IR
Bo-b ! —=
| 1 I'l.-q.

The variation of K with B is shown in Fig, 6,400 B varies from 2008 w 50062,

Mg
—» R, 1WMO

K,

Fig fi#t Variarion of Ef with RL'
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ChuT RESISTANCE {Hﬂ}

ER=——«—
¥ h-_ﬁ _Mﬂ"_
hlll + R‘l
hoh
IFR, is smail, R, = ||.-"ll hey, - —ﬁ | Bt hy, is negative.
Y -
E = L
u o s h,bh_fb
* hl'.I

This will be sufficiently large, of the orded of 300 B0 Therefore, valwe ol b is small. Ay

R, in¢reases B - T also iecreases. [This will be mogn laraer becawse. @ the previous case, b
=l
the de homnnator, seme quatlity 15 subtracted from b, ]
E, - LML

The variation of R with B_ s shown in Fig. 6.41.

E L L¥N

R,
Fig &47 Varigtion of R_with R, .
CURRENT GalN {A'j

-h
A=
I+h, Ry
.15 < 1. Becamse hy < 1. Ac R| mereases, A decreases. A is negalive due to b
The variatron of A, with B is shownin Fig. 642

YoLTaGE GrAIN (A}
4 -hpH,
b+ Rtk b, —hhd

Ay R oimwreases. A, alwy increases. VR wends wocero. & also wends W oeero. { 4, -+ [ as
R —+0) ﬁﬂ: vurkation of Yoltage Gain &, wath B is shown in Fig. 6.43.
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-r-—-n—-‘—\---- "EmEEmE . -jnu"-w-------a.
A, Av
- Ry, -+ Ry,
Fig 42 Varimtion of A with R Fig 643 Fariation of A_wirk RI.

FOWFR GaIN (A )
Power Gain Ap=Ag A
Ay increazes as R, increases. Bul A decreases as B increases. Therefore, Power Gain.

which s product of both, varies with R ax shown im Fig. 6.44,

| &
| =

—=  PowerGam

Fig .44 Fariallon ﬂfr‘lﬂ with HL‘

The characteristics of Comnwon Base Amplifier with typical waloes are as given bebow,
1. Low Mmput Resfstoney (fow [0 )
L. High Owipurf Resisfance (MOE.
3. Cuprest AmplifTeation £ < 1,
4. Mgk Folroee Amplifcanicn wnd No Pliase frversion
5. Modermee Power Galn (3¢ A < ]

6.£3.3 CoMMON COLLECTOR AMPLIFIER

The simplified circoit dimgram for A.C. of a wrnsistor (BYE) in Commaon Collegtor Condi guration is
as shown in Fig, 6,45 (a).
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EE

E
R, Vo
—_—
v R, f
T

Fig 045 (o} Common coffector amplifier circuwit
The A=prrameicrs equivalent circuit of transestor in Common Collector {onfiguration is

shownin Fig. 6.43 (b)),

1] h.
1 i
VYV SV —kl
+ ], +
T b T ll
L
+
vs {E{:I vhc hn: \"ﬁl::] GD h“‘ I"-' § hu-;' ||"Ivzn: § HI"

Fig 6,43 (B} h-paremeler eguivalenl? circdl

b, = ":II = 2,70 £2{ Tvpical ¥Yaloe }
B lbep- 0

I. I ape .
b, = .,..-E | =TI f rlios  Tvpical ¥alue )
EClig- ¢
[:\. - 1
by =- lJ" _ = |1H] v g = g [ Tvpical Value }
Boy=0

hy. is negative beoauss, U and I arc in oppostte direction.

1.I
hr-: = ‘.“—'-_| ;"I.I'EE ='|.fl:|:|[ Mepacal Value )
ECly, o

1p =11, E-B jun<tion is nd forward hiased.
¥eo =0

Becanse,
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For ather circuil iz Common Bave. @od Common Exmitcen, by s mwch less thanl

Faor Comron Collecior Confliguralion, h -1

The graphs (vanation with B,.] are similar 1o Commen Buse Confizunation.
Characrerishics

1. digh Input Resistance - 3 KE2/R )

Z. Low Chipaet Resivterce 30 0 (R

3, Gipod Correns dmplificadon. 4 »= |

4.4 =

A, Lawew Power Croid of all the comferurainns,

Since. A, is < 1, the outpnt woltage { Emiter Yoltage ) follows the inpur signal variation,
Hence 1 15 also known ax Emdtfer Fotiower. "I'he graphs of veration with R, and K, are similar
L1 Camueak Base amplifer.

InFIry RESESTARDE {HI}
B, anput resistance ivoking inlo the base 1s 1, only
I
i heh

e
I
h, +

Lo Ry

B 13 very sinall and by, 15 nepligible. Theeefare, the second teris can be heglected. 50 R, of
the transistor alone iz [, Mow R of the entire amplifier sircuid, congidering the Mas resistors is,
RI = hl: } H‘I I “2

RKE; L0«

The expression for R, of the trangistor slone —h_ -

Ba Rk, C100r0e UK
250
R, = 3—en = L9I5 K2

OmroT RESISTANCE {RD}
]

h _h
|
* [hu - Hs

a

R, =

Because, b is negligible, R of the ransistor alone in wrms of h-paremeters of the

WanSISor = - Mow R oFthe entire amplitier circyit is,
0=

i
F NR, =21 = IU'_J'.J"l: 100 K52

L= ]

=KL}
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CLERENT Gath (A )

Moo detepmineg A the diwect fortdla for A in oranasior i Comman Eavitter Condiguaration 15,
ll'l'-.l

o Hur this cannot be used heeause the input currend I; gets divided mta I, and J‘u' Thers
+ Bl

15 zome chrrenl flowing through the paralle] conbguration of B and B, So the above formula
cannol bo wsed.

Probiem &1
Ve —T,.h,

h, = 17t = {2000 = 0.2V [This js AL Violtage aot [}
Voltage across B R, parallel configuration s also V.
Wi 2
Crrent ;= PERY = SOk d A,
Tulal Input Current 1 = [} +1, = LK) + 4 = 144pA
I, v the cureent tirough e KL lowd,
hL — 100 B2 1= very larps compured with By and R . Therefure, all

L

the curnent em the ooiput side, by, 1 gets divided between Ry and B anjiv.

2}
Coment throueh B, — 1 =h 1. =%
L3 | 1 Ir "k F.,+R|_
I TRl R LU Ty
(2 bt 10}
6TE=L07}
Cumrent ampliﬁut'mn=.ﬁ.l= I[—I“ - W =
'||'|'
MR Y,
1"'rn - ln' RI.
= (- A.T8 = 105 % {10F™)
—— 678y

Because, the direction of 1 i3 taken ag entering into the cireoit. Bt acfually 1 flows down,
beeause %, s measored with respect 1o ground.

6B .
A - 3 T —33n
Megative sign indicane s ar there is phase shiftof [ 809 herween input and oulput volrages,

i.0. as base voliage goes more positive, {it is NPM transistor), the ecllector veltage goes more

negadive.
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Profiem 6.3

Far tee circuil shown m g 46 cxtimate A A R oand B wsing reasonahle sppevsomations
The k-paramseiers Far the TranGismor dn: gnoen s

hh. = L) h e M) 1 hn__ 15 nepligible and hn: = |0 S,
* Ve
H,= 24K}
| |
| | B NpN
""-.""'n.l'"l.r | | "‘-.,t!
k=Mt ¢ 4 g R KD
Pl
"‘fi 'C"J 4
R 1wk | R 2HRD —_T— -
T

Fig 4 For Proflam 6.5
Xoiwiian

AL the Lext freqlency capacilive reactances Cin be neglecied. V.

¢ Pnl i at roand becad se the
AL polential al V...

— 0. Soiles al ground. B s conmecied hclwctn base and ground for AC.

Iherefone, K ! F{ B, in connected between L-.1IIr_'n:1nr and pronnd. ¥o B, s in parallel wirh l"h
inthe ml[p-ul

The AL equivalent Sirguil in termg of R-prermrgders o1 the reapziston (gl in Fig 6.47

L. [ 1,
SELEV.Y.Y.§ —= 0l ..p O - =T
E-.} lI"-ri I[I}h hIH \.’u
E §
7h E

Fig 6.7 Egquivalent circii.
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The veltage satge by Wiz iar shos sinee. e is nepligible. A1he test lrequeiey of the
sann siawal The capacisors { ancl . can b recarded ws short circues, S thes are nat shown in
he AL sguivelent cirgmt., lhr: cmitter 15 at around potentisl. Hezawse X . s aluo |1|:glu..|blr: all the

AL passes through O Theretane, emitte is 31 gronnd pratential 1r1-;i this cireent i Cammen
Entitizur L'nnﬁ_l_.:uratmn.
Pribicm 6.4
For the circuit shrean. in Figl (Ge b cstimane A and B —— s 1arge coanpared with the Toad seen
Ly
Ly

by the transishon. &1 cagieirors hasves peg licitl e reactance o the Tesy Treguiency.

+ ¥
o
|
R =5KL)
R_I— GOk g
i
o | *¥
. L (
g e
o | Llﬁ é“t.’m}m
R. =M Kl

K, = 4 kil

He—"MWh

Fip 648 For Prabfenr 6.4,
h, = IKLL by — 9% and b is negligible.

u

Sodudhon
The sarne vircuil can b redeawn as shown in D, 649,

b the secend cireuil also, B s between collector wnd posities of ¥ By isbelwen 1Y,
uand base. Henee both the cimewn: wre dentizal. Ciecuit in Fiz 648 i3 same as ciecuit i Fie. &35
In the AC equin olent carcuit, the derect current source shonld be shorted e ground. T herefore, B,
is hetween eollecior and grawnd and K, is betwzen hase aod ground. Therefore, B 15 in parailel
with #; and R a5 an parallcd with B, 0 Fie &4

R g . fOw30 O IROO o
2 mpean oo T '
520

E,|R,=R, = - = 4K
Il” T L. 5 .
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o
v, o—i; -
T ‘xi‘:>
l.‘ R.— 30K}
?H ] = AK:ik §
‘ ! K, T+
: 7
| i
Fig 649 Redrawn circuit
B T .
-
H.”RJ§ é hiE 11'.'"'_"
<
1|..'I_ C:l' hl.lh
"y

Fig 6. 50 Ecpedvedend rfeciidl,

Theretors. the cirewi reduces ta, [as shaown o Fie 6,51

1. - K

k h,

I'.: = hl’e 1I.'\- -
"'I'

. b, s neghiaiblcy
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L |
R, guny B C I . -
H5- ltl ( [ ]3
| E
2K h. > 1KQ — R, ’
III‘I
@, @|5 v
# ] Bra y °
I
! K W
Fig 6,55 Simplificd circuis,
T _ I'it'1"ll F'|.
W, --l. K- - o
UM heR, M1
ST Thy, I’
A, - Hoi
R, 15 the parallel comhination of 2080 and b |
W:lkr
sooy 0N

While catoulating B, R- s inoparallef with &, and B will conee o paralle ] with these two,
Dulsince R value s very simail (R, parallel Ko ellective vahue will be B, only.

Prodlesrr 6.7

Criven a single stige ornsision ampliler wille & - poreemcrer s by, = 1D RL R = 1ohy = 3L
h,. — &5 e Caleulate Ay Ay AL Boand B Tor the Common Collector Cunfiguciogen, with
R,- E - 1K '

Sefwiion
. 51
-'I"L| —_ i —_ et = - == I— =..“:|E
T+h R 2% 0 "=
R o=h,+h A R = =i+ | «a0 $08 =400 KO
AR A e it
M TR T Ay R
Ay LR 098 = 40061
L T
| | |
R =37 Sl = 4835 <00
K. e BWrll® g —— 2 — - e
™ h «R, Gl Tt

K, = 2170
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Froffem ¢4
Far any ransistor amplifier provs that
h
Ro= —
ol -h Ay
Solumion
@ ~h - hyhy
h + :
"Ry
L
Bt M TR
BR=hthaAyp®, .. (1)
_ """r 'Ri
FLL = Y
AI -RL
A= ~E

Subarituting this value of B imequation{1}
- hl
! 1 - l'lr |'"|| Y

R =h + &:‘vﬁ shot b AR, R
Problem 6.7

For s Common Emiter Configuration, what is the rasimam value of Ry for which R, differs by
no more than |0 of s valucat Ry, =0 7

by, = [L00LY ; by, =50

h_ - 250 = 10~ b — 2500,

Sedution
Lapression for B 15,
y h,,.hﬂl
h, - -
IfR, =0 K =t . The value of R lor which & - 0.9 h s fouod from e expression,
0%k, ~h_ - h*-'—'ﬁi--
B + %
o h'”—h"; =h, -0.9h =1 h_
by + R,

hit'hl'ﬂ_h +L
o, Ry
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Lo heh, ik =0,

= _ I = e
m, B, = Al
Bk, ) 0.1 1 11K
or R, = - = = ; :
Rt =100 Ih b, A 25000 T =N = V0~ 2510
R, - 1L3KR

6.14 HIGH INPUT RESISTANCE TRANSISTOR CIRCUITS

In come applications the 2mplifice circet will have o have vers high input imapedange. Common
Codlector Amplifics eircwit has high iapmt inpedanee and [ow autput impedanee. Bt its A, =<1
[F e jnpaet dmpedanse of Me aenplifier cireuilis 1 be eoly 500 B0 or less che Cormmmon Collector
Cantiguration can be wswld. Bul sl higher inpuat impedance s required acircuit shownin Tie 6. 52
iswsed. This<ircuil 1s knowas ws the Darliagton Connectfon (named alter Darlingiond or Derfrgron
FPair Circufi.

SR TR >
: < : a
1 i 1
1 Ly 1
I U] pup I
: R/ o fie |
B 1 |""'= E 1
I E I
1 1
1 I:‘. |
1 1
. Jﬁgjﬁrmrl
! VA
1 E' 1
1 1
] X I
E ! o oF

Fig 6.5 Darfingien pair cirveyil

Io thix cirguit, the bwo transisiors arg in Comimen Cellestar Configoration, The autput of the
tirst transistor O, (rakem Brom the emitier of Qw705 e inpun oo e second transisior O, at the
base. The input resistance of the secund transistor constilules 1he emiter Joad of the Tirst transistor.
So. Darloggton Cimeuit is nothing but twir transisbors in Commaon Colbector Configuratiom conmescied
im eries. The same circoit ¢an be redrawen 22 AC equivalent ingwil. So, 0 s 1aken @ grownd
shown in Fig6.53. Bence, 7' a0 gronnd poremial, Collecrars of 1ransisters Q) and O, are at
ground potential. The A equivalent Circpar is shown in Fag, & 54

There 13 na resistor connceied between the vrifier of G, and glound i.e., Collector Point,
Yo, wie can asswme thal infinie registance is connestod berween emitler awl sulleswr. For the
analysis of the ¢itconl, ¢onsider the eyvivalenl ciccuil shown o Fig, 654 amd we wse Common
Emittes h-paramerers, hy,, b, b, aand by

For PMEP tranzistor, T leaves cthe transistor, 1, sniees the tansistor and | leaves the tanasion
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(7
o

-

B
;

i \ E
R = u:

_—_ T

Lig 6. 57 Equivalenf circuft,

L
= .
R, §
¥,
Vs
R_ A
r ¥

Fig 6.5 Dirfingtan pair circuit

G.14.1 LCoRRENT AMPLIFICATION Frog Pasniszrgs faik

I = '._ Iﬁ.
| | I'I
E. | hy, . (Assuming identical transistor amd Dy, 15 saneey
Rt [h2 I {ihe emitier of U} is connecled 1o e base of )
L= ||1I he, 1, b oAb
I, =1, t1 —'],,JI e — {2}
1 | | |
I« hgl

o
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Substbing equationd2 i (1],
Loy o= D €1+ by by = 420y ket
DBut h*_ > 2h, ’
Snce, hli: vs of the orderof [HL
: 2
l.- Ib, h

! n

: : | . -
It meaes that we get very large curcentamplifcation | A, — j — ' inthe case of Darlington
| A

Pair Circuit. it is of the arder b 216, 100? = 10,000,

I .
M = {hg

#.14.2  EWPUT RERISTANCE {]Rtl]n
Input resistance R of the wansistor {4 Cwhich is in Common Collector Conligurauon} in wrms of
k- parameters in Common Emirer Lonfiguration is,

Rl_g = h|¢ + L I.l'l.':I F:L
L
Iy

Bt b, << hy Ry, and hy, R == b A, = -5 = {1+ D}

Here R, 1= R{, sines, colput is taken seross emitter resislance.
. Ri, =¢1+ hp B,
Theinpurressgtance Ri, of e transstor O, is, sinee it iz in Comonon Collecton Lnafugatation,
B.-h, th ALR.
Expressing this in e of Common Emitlér d-poramadars,
hig = h:p:‘ h“' - L
(For Commun Callectar Reverse Voltage Gain = 1) and B, for transistor &), 15 the inpul
resistance of transisior 4.,
s R, =hp v & By By is large,
Theretore, b R, <0.1.and A # 1+ by,

Bur the expression for Common Collector Configuralion w terms of Common Emter
N-parameters 15

A I+hg
T b b R
Here, B =R_and B, = {1 + h) R,
1+h,

ANS Ve (i hg IR,
h,. R, will ke = 0.1 and can be noglected.
- Ny, value i3 of thee order of 4 mhosimicn mhos)
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l+h,h, B,

HI| = .'5;”. RiE
_{l+h PR,
"= Ixh,h R,
Thiz izd very h igjl value. [Fwe ke fypical values, of R, = 4K}, nging N-parameters,

Ay

R, = 205 KO
R,=1.73 MG,
A, - 427,

Therefure, Darlington Circuil has verg figh inpur rmpedurce and verv farpe currenr
gair compared to Common Callectar Configuretion Circoil .

6.14.2  VoLrace Gan
(reneral expression for & for Comman Callectar in torm nf f-poremesers is

b, Vi [1-h,
A =1- R—; h, =h, ﬂrA,J.I = V_._[ R, ]
Bt R = MR LA r— he
[ R L L -'1|-|| R.;
Avj--¥Q= 1-£EL;
2L g
Therefore. over all Yoltage Gain A = At A
" ]
== :iﬂ | - hH:'
AR 14
[-I 12 |2
' h 5
L -. . .. H
A, x| RHJ S Ay RpeEh A s e

Therelpre, A 15 @lways < 1.
G154 {HITFE T RESISTANCE.

The general expression for R, of a transistor in Cpmumon Collector Configuraticn in terms of
Common Emitter f-paramsfers is,

HI:" RJ!. +hl-l
+h1!
_ Fts + h_E
°F | +h,,

Now Far the transisior o K, s F‘m'
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_ Rechy
R‘l!l T oI+hg, <
|+hg
Therefare, K is the outpul resistance of the Darlingten {Crewit.
. R — R‘s + hu + hl.'
. % flthg) 11hs

This i a small value, zince. 1+ b 152> 1

Therctore, the checacterisiic ufﬂurl:ngtm1 Cirguil are

1. Fere ffigh Inpul Resogance ¢ of e oxder of M12 )

2. Kerpr Large Curecent Cen ¢ onf the arcdene af To, 000 .

A, berv fow duienr Besivfance 1 of the oedar of few £2 ).

4. Fidtorge Crrin, A, = T

Darbineton Fails are available in 4 single prekage with it 1hree leads. like one transistor in
infeprated funin.
serdvantuges !

W have assumed Uit e fepéremoiery of bath 1he ransistor are identical. But in practice it is
diffreult to make cut. A-paremeers depeml upon the operating point of Q) and G Since the
erndller current of transisenr £ 15 the bese current far fransistor O, the value vf J'ﬁ_2 e I-.-|

1. ihe gquiesiewnt ay aperaiing comditions of hetl the transizror will be differcnt.

Wy vafiee will he sl for tha teansistor O - .Fr = fi A s ess
{ J'_}J'L make CILYYT is a transisior of [J'ar.l'm:.:e'r.r.u J'-sm' -l'_-:!.ri'.l'"g:.rranarr widh
=

r F.'J’:le secand dravback Is leakage currend of e (¥ fegusistor (F which s amplified
h¥ the second tromgivler (¢ EALN P}
Mewce wvreeall leakage curvent 15 more. Leckoge et i the curvenr slhas
o in the cireut with g gchenal bicg valfages oappdied
(A} The K-paraeeters for Roef e cramgodors wild mof by S s,
(b Leakage Currene Iy morg,
(b Parfiingion fFoRSifor DOrs 8 SI9gie packof are aeadolle with B ax gk

5 A1

& 15 BOOT STRAPPEDY DARLINGTON (CIRCUTT

Tvt inaxiimum in put rssistance of a praciical Darlingtan Civgwit is anly 2 ML Highe inpot resistance
cannut be achieved because of the biasing vesistors B R ¢1¢. They come in parallel with B of

. . 1 ;
the tranzistars and thaus reduce the value of R The masimum value of KB, o oonly simee, Ry,

. . : , _ ub
is the reaistanee hetween bose omd collector. The input resistange can be ing1eased greatly by

oot steapping. he Darlisglon Ciccoitthrough the addition of ) between the Jirst culletor ) and
emier B,

What iz Boot Srapping 7
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1 1
p— Ne— } —
kZ
e o
V() R ? Vi
KV Fj
e
= R -R1Ek
nr B R ; il i i
Fig L34 Fgufvalen! circuil Fig .55

[ Fig 660, % 05 an AC signa | peperaler, supplving cument oo B Therebime, the ingat resistane

r

Y
ol e circuilas seen by the peneratar s B - T E inself. Mow suppuse, (he bottem end of B is not

al ground poteatsal bug ag higher poterdial ic. anoiber voltage souree ol KV (B2 1) 05 connecled
between the bottom end of B and grams |, Mow ihe input resistanee of the viccut 15 (Fig6.55).

v o RY)
i R
Vi e

o T T

I* can be increascd by incressing ¥, When ¥ increases 3 also inereases. K is congtant.
Theretope the paoential @1 1he dwn endy of B will ingrease by the same amaune, K s less then |,
theretone o= B, Naw if K = 1, theny is no curment flowing thropgh B {50 % — K3 there s me
potential deffarengel. S0 the apar ewistanes B — = Barl the wop and baflom of the resistor
terrminabs e ol the sane patenbual. T his e called as the Bools Stmapping nibiead wlzicts e reases
fhe input resistance of A ¢iczoit. e potentiad at one cnd of the resistance changoes, the other end
of B alsn moves throwgh the same pacc tial differcnee. 11 isas if B is poHing isellup hy its et
straps  bar e.camplifigis A< |2 00%3 5a B ocam e made very large by this technogee
K= o 1. [Twe pull the lmu'r walh bty ol fdg-ewr:hn: svvapedweire I loan Lils wp. [fere alsa,
il the podentialan ang end vl B is changsd. the yolage a1 the other end alze changes or the potential
leveel e B mises w101 is beting pulled up from bith the ends.

TForCommaon Cellecior Amplifier,

k.= it . M=
i | A, A
Thercfore, B can b mad2 large i1 i of 1he same farn a4
R
R =—

- K
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It the citcunl shewn in Fig. 6.56, capacitor C s conmected between C) and B, [f the input
signel changes by ¥ then E; changes by A Y (ussuming the resistance of C is megligible}

[ |
) . . — -~ (N
Thersfore, — 15 0w effectively increased to b (| - Ax)

hnb
+1|’CCT
R
by "oy
r - —AAAA - -
| Cl y
1
. ra
. B
3
Ej
Ca
L ‘_":rﬂ
1
[
Ry, V, mAy
L ) 'l'

Fig &.56 Boor sfrap circuid

AL EQurvaLENT Cmoun :
The inpat resigrance

v
= —I = i B
R, h-ﬁ,l ' Re
I we Lake by, as 50, R = 41'1!’.1 we got 1, a5 10MLL [T a transistor with h,, = 100 is taken,

R, will be moch Iargnr The value of X is chusen such that at the lawer f‘mquanmﬁ:, uhdar
consideration X is a virtual shon circuit. 1F the cellector ) changes by wrta'm potehtial, Ey

alzc changes by the same amount, Su C, and E, are boot strapped. There ts — between B,

h-\ﬂ-
and 7,

1
Rem= 1 b, (- A}

Direct shorl circuit is not done betwesn C |, and Ey. Since, DT condition will changs, .‘-'{c. I
4 short only Tor AC sigrals and not For BHC.
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.“)-‘I\“‘
N,
e W
B e t_ e E s
W W !
b B n ] E,
1] ilz 1

Re=R IR, 3 D 3,5,

Fig .57 AC. Equivafer circuit

6.16 THE CARCODE TRANSISTOR CONFIGURATION

The circuit 1s shown in Fie .58, This transisior configuralion consiels of a Cossson Emvitier
Mage in weres with 2 Commeonr Base Sage. The collector cormenr of trangisior O, cquals the
emitler current of O,

v . |
_[T'TEI

C

Q,(CH

B, Yom%

Fig 638 CASCODE Anplifier (C.E, C.B configaration).

The transistor | is in Commoen Emitter Configuration and transister O, is m Common
Base Confuguration. Lt es consider the mpal impedance th }ete,, oulput aémi':tannt (A7}
i.e. the & = porameters of the entire cireuit in terms of the & - paramerers of the
[w Lransisiors
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NPT IMTEDANCY -[h”j

V.,

by = Inpur £ = =

.

If ¥, is made equal i 0, 1he ner impedance far he Dansisie O isonly hy,, Bulhg, tora

LFaLMs IS HIE IN COmTo emitter codiguralion is wers small = 20, We can some lude thiet the collecior
el 0], w5 elMectively shim crcoited.
g by, = b

When ¥, = I}, L, isshorted. Thereforc, b, = hub;-' Hut h1b;| 15 very small. Theretore O s

wirlud |y shorted W the pround.

SHOMT Tl LT COBBEST LAl ih“}

1.
hy) = 1
RRIT
L
2' I I| rl Wi n
I' _ . _ _
E = hlu cince. | = IE'-|' lI = I_.;I
L= by, sines, | =g 1y =1,
¥
hzp == hp- By,
. o
hlr wi | hr‘l. = 1. simee by, - T
F
hyy 2hp

DUTEC T CONMUTTARCF "'11}
{hutput Canduectance with input open circwited, for the ontire circuit 1s,

e = =

. , oo
whin |, — O, fhe putput Tesistance of the transister Q) 15 o

h ~40 KLZ (Since Q) 35 in

Common Emitter configuration and b _ is defimed wath || - 0.

|
— 40k
is the source resistance for (3, €, 1510 Common Base Confipuraion. Whait 15 the value of B of
he tramsistor CF, with B = 40tk
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b1

Moz 10, b=l

Site, h~=‘| i< very large, we can say thatl' o BoUr between [y and ground there is intinme

inpedance  Thereferz. vutpul conductunce ol the entire circuit is by - by
Ers bBsE YL 0 uGE Gl n fl:lu}
| Al
1,2 —
F r
1"'-' 1 n
_h
N
Voot
Y LY,
| = o
o P
(Since, ()2 1% 0 Common Base contigurabien!
;- h by
B = 1078 B =107 hsis vary small
b =h, =z h, Typicabvalue =1.[kL2
h.=h, = b I pical value = 30
h, = o =zl Typival valug - 04% LAY m

Wo=hy oz b Typical valoe =7+ 10 %

Therefore, fura CASMOOOE Transistor ConBigurutien, sts input 2 15 equal tothatolesingle
Cormmon Emetter Transistor Th 1 (s Cusrent Gain s equal o that of a single Commen Dese
Tranzistor ch 1 [0 oulpul cesistance 15 equal o that of 2 single Cemmun Base Transistor (b, b
The ieverse waltags gian i very ey sendlll e, thierg 38 na sk betwceen ¥ Linpul woltage h dnd
Yo joutpun soltageh. B otheewords, gherg i3 neglble nternal feedhaek incthe case o cascode
amphfier. A CASCO DL Transsior Cincuit acls Dke a smole stope C 1 Transiston (Singe h, and
hy, are saoet with oegligible inemal feedback 1.0 b 15 very small) amd very small oulpet
cuwductance, | - Tag 1or large vutput eesestance | - 2MCE eyual wothat ola Common Dase Slage).
The abwve valees are correct, ilwe make the assumption that bok B < 001 or R is = 200K, When
the value of B s < 200 K. This will not affeut the values of bk, . by of e CASCODE

Tramsastor since, Tha walug nf by a2 very very small,
CASCODE Amplitcr will have
L. bery furgpe Vdtage (iow
Y. Large Crrrend Gawe | A, 0
I kv High {urp .'i‘.ﬂ.s.i-l;r{:m-.:-
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Frofiem 6.8
Find the voltape gains A,__ﬁ, A‘_] and AV] ol the amplifier shown in Fig. .59, Asqeme

- 1|rrur:r_-
g 10 KQ
Q2 =

1 KL} I/

¥ 2,

?5 KL}

m_
Fig 6.59 Far Problew 6.4,
h, =Ko, b= 107 1, = 50
and h, =10 %Ay
Solwinr

The second transistor € is in Commen Collector Configuration 2 is in Common Emitter
Configuration. It is convenient if we start with the It sage,

1T Stage :

e . e

Nowr By — L0-¥ = 5=1p3=5x 10 300
Therelore, b, R, iz < 0.1, approsimate analyzis can be made, Rigorous Expressions of
CC.andCH Emlfi:‘gum%lnn necd nol be used,

Ry =k +{1hg IR,

12

= TR~ (1 +50) 5K =256 Ki}.

_ Ay, 15 the expressicn for Yoltage Gain of the transistor in Common Collector Condiguration
in terms of Cornmon Emitter §-parameters is,

1
1ki2
=] ——: =1 -39 =10
I kL 8

I Stage :
H’L. = 10K R, = 10k || 256k12 = 2.36 ki),
b . RT_I ={.1. . Approximals quation cin be used
A” = =30 (hyy.
R“ =h,.. = Tk
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K
A, T -hie Iy _Zin=oddk s
hy | TRR
I
R
- A.,.Jl
MR,
Overall Voltaee Gain = A, A, = 482-0.996 - 480,
R, IkiY
bl - = W W m— 2-‘-1('!-
AT A R, TN T R

617 THE IFET LOW FREQULENCY EQUIVALENT CIRCUITS
G171 Commcry SOvRrE AYIPLIFIFR

C apacitance amd DC volapes are shoried. FET 15 replaced by its small sipnal muodel so the equivelent
CiTeuit s alown in Fag,. 660,
— 1,

G r T In
¥ R. -2,V @ Ty R, Y.
5 -I-' l— 5

Fig ol 8 gmplifter
; =AC drain curmrenl
ry = drain resistance
Vo= = R

=], = -—I'! It" |

d R,
L& I
But [, —— g, ¥ t1The valuc of the cument scurce]
' =By |
v, = v otk
] Bm- ¥y ey + H‘L )
Yoltapge = Ay
l"'II':I
L
= Emfa
rd + B
Bul e
athy =7y

. —Zn K
= —r-:

Ave--g K
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Frra FFT,

Y, = forward winsfer admittiines in C.5. confguration

= Em
Yy = UL pub danitiance wn O % configuration

Allew Treguencres, £ - || R,

1

=K © Ty iA large.

AL hieh lceywencies £, and B, sre shunted by O,

|
:.:..1 e e

S Infi,

Zy =Ryl Ry,

At low frequencies, dnpt inipedanae

Z,= By [ Ry

But K, esa very lange value [heeefore £ - R

At high froequencecs, e anpet capacilasce shunting R becomes effective. Tl actual
capacitanae rrese need fo gt sigma | is amplifed Ty 1he Miller efles,

where

£, =0+ 01 +48) .0y

A = crredit soliage gain B r_Rl [ ey

Co ™ w1+ iRy T €

G072 COMRIDR DEAIN AVFLIZIERS (000

Ts i alsw b as derrce foffoner, This s FET equivelent of canier Follewer or common
callecwors ransistor amplifier ciccuid.

SRR Y
3AM Z R,
¢ R |y
P, L Gy v
"=l N7 TERCINY I
Vi I '\ -
KR R, Vi | R 210 KO
IHHI. -
L

Fig &84 Comman drain circuit,

Wi 1s not Lhe same as Voo 5 s net al ground partial.

¥t Wins + ¥y
= Wt L B

[
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IF the inpul e reases, e BY, easpul wlsa increises by 1% S, there is oo phase-shift and
voltage pam = 1.
—+ 1, =i

LT
Il..-""m T "ird Kk, ¥,
11 1

Fig &.62 OO omplifier.

Ve sy o By

1y -ir"‘”{i' lr
=R
Iy = & '-."aﬂ
Vg TV - N
Ip= gn W, -V, fromnhe cqpe
ool

W.o=a iV -V, -
= Bt 2} Gy 1 R
Salving o W
Vol v R I=g W, org R - Vg Ry
Vol - Ry 4+ rd RY-p W 0, R

[ r, b H
1!."_ = 1"_| . = - L
¢ B 1 | (N RO P |
] H 1"II1
’ "r'uh-:"lg"-‘Ea'“ _.a|,___ = -1":.

A = R
o E“: . rﬂ +R| + ':l:"u I E'i:l
Woa o rg By=wdn +R 04 -

1I|'I- _ Y rII'H:I.
o e R+ R

o W oes output caerend propoertinnal op V' apd,

7 = N U110
f I LR A (VY
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o r,,.H__
n +KE (l+g,r)
_ Irn"1 'gmrdkl
{lnld 'I.I ‘g:llrﬂ}]+ R'I
T,
d
- H"- | l4L r“
=l o
-"r:;'| = R'I_ ” —_

£ - R IR,
Ep,' 15 im parallel with £
6.17.3  CoMunk Gate FET AvPLRER IR (EL.0G)
The circut 1 shown in Fie 663, 4
o

“ C'ru:
ool
i R&?

nr
Fiy 863 Comsion gofe Circwil,
. oy = I .
.Y
¥ Ry ot e "o R, ¥,
G "I' "I' *

Fig o.64 .G configuration
L Pl PR LA

L
Ty - K

L
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G6.13

II.'l=g'r'|'|'1|"rlz==g'l'n ¥,
. . N
¥ g""1"Il'#rd+}i!.|_

vollage pain = (A, v

L. =PRyllry=Ry

]u=gm."."as=5m.".f:
A

W= !u = gm.

Thiz 15 the wpun impedance of Lhe device.

e : o
The cireuil 1o put impedance s, —l Es.

COMPARISON OF FET ANIF BIT CHARAUTERISTICS

From construction point of siew Lriode 15 similar to Bl T4 ransistord.

Cathode E B — Gnd;, Anode — collector

But from cheracteristics point of view pentode is similarto 3 B

L. In FET and pentode cortent is die ta one fepe of caeriers only. In pentode it is anty due
b elecorens, Boe ain BIT it is due o bosh elestion and eles.

2. [n FET pinch ofT acewrs and current remains canstant. Bof e such channel closing in
Transiseor gnd Pancpde.

1. As T inereases, T inereases, so | in & BJT increases, Put in FET, a5 temperature
ingreascs, 't decreases, 5o 1, deorcases, In penlode, also as femperafice incroases,
[increases. Bul it s less sensitive compored W a transistor or FET

Mrulode Tramsiciar FET
Ip ‘ / : )
—=T — =T —=T
Fig 6.65
4. As Iy, decreases I decrcases in 2 dransistar. I Vel
Ag V.. decreases, 1, decteages in FET. T -
AB Y omrct gy INCTESES 1 decreases i pentode. -1
""IL'E-

Fig 6.66
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5. FF T and pentode are eoliage dependaat deviees Transisor is zuent dependan

. Py OF FET 12 very laree, MO r. of runsistor s less fin kL2,

T Broakdowwacewrs oo UET and BT far smeal] vobtages 200 4l e, Bat in pentode iy
rriuch hshier,

2.
BT JFET
B 1 ey :Il' ‘ - Lhumr rezicn i is mone;
LA [
L — M:zninde ar
1 Az reginn Zalumtien rzpinn | !

t - -_:‘::--_;J r ]./I f/
= | ﬂ-
;f L.r-fw{r rainn Uf"

1 L |
! 1‘|_1 ! l'"m

Fig 6.67

619 R.C. COLTLED AMFLIFIER

The cirgmil iz as shown in Fig 668 In the AC. eguivalent circuit, the collector cotput of the
tranisistor {BTY i coupled to the output paint v thromph a resistor (R} and capacitar [(C). R

gnd LlI' ar= the -..{'ll.l|'I|II1L clemenc:. Ko i s called RS n:nulr}l-.':d atmdifier.

: 'l'-ll1

= {lulpul

nrli
Fig 868 R.C coupled amplifter circuii,

B .R,and K ., B are binging resistors, [Lis a seld biss oircuil. The operating point
s |{|I:-“I[Edzﬂ.r the canird of the avtive regaan af the lransistor chacaclerisics. V{'L: will b

.""Im' s L . )
abowm K";,' Ctymically 5 e 7V 1I.'BF.

Ha and 1.3 A These are the propet bias condinions. B is 1he soarce resistunee of the imput
A zowrge. [ an externil resisfonce 15 cennected on e nput side, 115 W lime the inpur ALC.
veeltage so thal the BIT b= wol damapged due 10 sxcess imput cumrenl. © s the Blockine capacilor.
It tlacks 3 componeols present in the &8 sounce, so 1hat the J]I}..‘ buwsing provided 15 mal

must he 05 W Tor silicon fransistor II! will be Aot 10
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ghanged. 7 is the counling capacitor, o couple the amplified A C signal al the collector of the

Tl'ﬂl'l‘.i‘-'-.t-l'll' T-n the copud peeend % B is emiticr resistnT o provide higsang, socthat %, L - ".-"
a0 LAY frr allicon tranisisler. B a5 collecoor nesisoor foe lemit the -:nllm:PrE G rn:rll:E

f"rc;m["n oM prteer the fransistar, |; iA ¢imifer by pass capacieor. It By pa.*ﬁ::ﬁ. AL signal,

sur Alwat )"n C sipnal does nol pass Lhn;:nugll I'{r. C,ois chorsen soch 1han ?1 - flIII F'-. LAk e

lower cul off frequency r X will be unyv wu_'n' simaller than RF'

[
The AC I:I'.|IJI"nJ]l:Il|. caccuil 1% as showns o Fig, .69,

“.f—-l

L[] H 1_'||.'I;-I
R . 4 1'I'| T
RIS Rz I é % =g
.

[
Fig £.0% 4.0 pguiveiznt circhil.

Frequency Responsc is a plat hobwcen froqeency and vallage gan Voltage gain ismeasured
in decibels

[l 'b-¢|=ib-:|—lﬂ| h
Bt T R

: Gain = 10k " - 20 |c~e| |d|:.

It
A% the frequensy of the input signal varies. gain of the amplifier alse varies, beriuse
ol the variatinn nf 1he reactance of capaciters with trequency. A1 high feguencies. capacilancs
aasociated wilh YT also st he consadered.

Foor b oas called Lower cut oft frequency or Lower hull power point or Liraer 3db
(requen.ay (£, - fl} iz called Bandwidth.

L
I'I andd FLure chegsen such Uhat e pain a1 lese flequencies s o or 0707 of The niasimun
1 )

gain valug. Ar ft and - cuiput power i halfatthe maxumanm value. Becawse a1 theso frn-qucn-:i:s
s

Y Vi YT
vollagse 1 —, Sa uppll praver o T = '_i
L) A L

'l.-'! 'l.-'E
H - n 1 _ m '
r Imu..a T bofe] fl and fz Bre

1
L

) Foue ) . 1
galled as halt powesr points. Ad fl and 1. P"I = " _ln decibels it s 20 |n5| ;l - b, {1} fl
Fa L ey

and 1, arc alse ealled 85 3 db points.
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FREQUENCY RESPONSE
The graph of wiltage gain versus frequency is as shown in Fig6.70.

Fig .70 Frequepcy response,

|
R IxfC,
S0 the drop achass W also decreases and hence nel wpul at the base of transistor mcreases and

initielly as frequency inereases, capacitence reactance duc ho O decreases.

. ) .
0 ‘r’” increases, Hence A, = v also increases,

i

I the mid frequency rnge, .!'{“_I rs Alriost 3 Fhort ofrcRll, sinte its reactance decreases
' |

2fC,-

with increasing Mregoency. In the low Irequency range, }LCE = 5 opem <ol {io Use

A squivalent circuit).

In the mid frequency range, the capaciiance resclances of hoth © snd C_ are negligible.
50 the not change with frequengy, remains oonstant &5 shown in the li"lgun:. ’

Ax the freguency is Farther increpsed, capacitance reactanee due 1o O decreases. Hence

¥, deererses beciusc, Woois taken across . S0 a8 frequency incrﬁll.m:ﬁ.“‘nf decreases and
hébies A, decreases. So the shape of the cufve is as shown in the Fig. 6.7iF

. -hi R,
Expreszion A,r. {M.E] = R, "'h,e-
_1
f = ImcR,
L
fy= AL H

T'HASE RESPONIE
Fhase shift betwaen "r’u and "u’i varies as shown in Fig. 6.7 1.

; \

| —f

Flg & 71 Phase response.,
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6.1¢ CONCEPTOF [, [; AND I;

In order to obiain some jdea of 3 transizior’s high frequeney capahility and whal tranzisgor Lo
choase tor a given appheation, we examine how trangisior's CE shont-gireuit forward-current gain
warbes with frequency. When By =0, the approninita high-frequency equivalent circuil g drawn bebow,

B Tt - B c
—>1 T - »LI.

Vo e Cpe* Gy 'G;}gm Y

L L

e 1}
E E
Fig 8.72 Approximate Kigh-frequency circait
I, -a.Ve.
The current guin, A= lL = E.l "
L= ¥g By = ¥y [0 {0, + €y )
A= B o __ By
! Wi [gh-, +jul ., + Eh'n:--]-] By + 0T 40 )
v oghte = ﬁ::
A = B e
|7 g PR+ Oy g
o e hy
!:Li"' iZxE 0, +Cp¢}h1 T2 D, G0
L m

Where fn- 27, (U, +0,

W, = CE small signat shorl-circuit cutrent ghin.
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8 Cui-off Froguency ‘j"ﬁ" :

Tlhee *[5° cur-ofl Tiegaency fy, also referred as M, 05 the CE shorrcineuin small-sigaal forwand-
currenl ransier ratic cilati frequency o the frequensy ot wnch a irangiziors CF short=ciienil
currend gain drops (707 fram its vahig gt low frequengy. Hepec, 1'rI represcnts the maximunm
wttamnable bandwidth (e cument gainofa CE amplifier with a e tras ister.

o Cwt=nff Fregoency f '

A fransvstor wserd im the C0 conneetinn has a moch hipher 3-8 trequency. The expression for the
current pain by considering approximate high freguency circuit of She €0 with autpul shored is
g 1vvan by

I —la,
.A.I = r_ [ r_ -
o=
4 1-l A
Wh f I Tie
Lre N IR Al R, 2T, O

hl-:l-S{‘-. Re ¥ I-—1h'.:.!
o [.h'

=

F“ i 1he: alpha cutoff Frequeney a1 which the OB shore-cirguit smoall-signal Tirmward curcemt
ranxier rata drops LT from s TKHE value

Guir Barodwidtfe Privderct :
Althivigh £ and fare uselul indications of the high-frequency capabrlity ol 2 wransision, are even
MrE important ¢ harsctorisics s 11..

The ) in defrned a5 the fregirency a1 which the shom-circuin CF cument sain has a magwinede
of wnify. The Y7705 hes in between fH and .

Iy,
|.-':'|.I| = FT-T
".,”T.l:r"lfhl
.f_ ]
at N e N
A L
vt (B LIR 6! 1-|!- = h,-‘r_
r-, = h,-l__f

o Fpis the product of ihe nw froqueney gain, hg and CF handwidih §;. fT iz &lzr the
produoct of the low fregquency gain, by, and the CH bandwidth, { e 17 = hp f, The value of T
rangees fram [ MHz for audie iransistors upta 14iHY for high frequeney tranaisiors.
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The Kalbewing Fig. €. 73 jndicates hoow shore-corgait corrent gang for R and OH connectiens
vary with Fregqueney.

L
IR

Wl

A WIT 9l

il Hare e ed:h
I'redc

I-15=

CWThME - - - - ;c_'u_._____"-_._].:n__:‘ + e
P
B e .E. = .L': kg, 1
Lo
Fig 673
SUMBMARY

* Hxbrid Parameters are b - parameters, o ¢alled becanze the whits of the four
parameters arg different. T Tess ang wged o pepreisan the ey eivalen sircain of
d trivnsistar

* The h - parameters and their ypical valoes, in Commen Emitter Confipureation
are,

-
=5 - = ' = . =7 .
h": SO0 I1"=_ (IO N [ |'l”.H LR h1.E 2a0:
* The wewond subseript denotes the condigdration. simlarly b and ¢ represent

Coommomt Base and © ommen Collecier S onfipuratians.
#  The Trunsistor Amplifer Ciroeil Amalvss can be done, uiing h-paramescrs.
replacing the trunsestor by h- perameler tquevalen:.
- Eﬁp.n:a'siuns for Yaleage Gain.-"k,‘_.. Current Ciain A], Input Resisianee Hi' {hutput
Rexisiance F-’.IJ eic., cam ke denved i teoma of h-parameiers.
* M is culled the base spread rosistance. It s the resistance between the
gt hage terminagl B and ¢ cmzide base terrmimal B.
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* C.E. Amplifier circoit characteristics are
{a)Low v maderate B, (3000 - 5 ki2)
{BpMaderately high R, {10 kOp - 300 kL)
{c}l.arge curment amplificacion
{d}Large volage amplification
(cllLarge powar gain
(t] [H0F phase shift between ¥ and WV,

+* ForC.B. amplifier :
Low B, High By, A LA = |, Mo phase inverzien, Maderat: A

+ ForC.C. aanplifier,
Iheh B, Low R, Large AL A, = 1, Low A

*  InDarlington pair circnil, the feo BI1T: arc in C.C, condiguration. The charag-
teriztics are |
High R, Large &) Viery low B A, <]

* hy CASCTODE amplifier configuration, one BJT in C.E. configuration is i se-
bies with another BIT amphifier in C.B. confipuraten. s characteristics are,
Very large A, Lange A, and thegh R,

* In the case of R-C coapled emplifier, the outpat s coupled oo the lowd throegh
K and ', hence the name. The lower cut-of T froquency # t5 also cafled lower
3-db point oF lower half power paint, The wpper cut-off Gequency £ is also

cifled upper 3-db poitin or upper half power frequency. o the low fraguency
range and high frequency range, the gain decreases. [n the mid [requency

range, the gain remaing canstant, (f, — A3 is called Band width.
OBIECTIVE TYVEE QUESTHONS
l. The units of h=-pacamielers ar ...

2. h-parameters gre named as hybrod parameters bevause e
1 The general equations poveming h-parameters arc

\-’I T e
The parameter hrc is gdefined as B e
5. h-paramecters arc wvalid in the ... freQuUoney range.
B, Twpical values of h-parametors in Comminn Emitter Configuration are

T The umits of 1lie parpmeter h.—: AP rs et s
Conversion Ciiciency of an amplilier Cireuil 5 .ooooeeeenceeeeee

Expresswon forcumrend eainA i terms of h‘li: and h”t A A = e
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3TT

160
11

1.

11.
14.

15

.-

16.

I
4.

19,
210,

2.
22,

In Common Cllecior Configuration, the values of hr-: o e e e

i the case of trangistor in Commen Emitter Confwyoration, As R, imereases,
B ... e

Cutrenit Ciain A& ol BIT i Lommon Emiler Configuration 1s hgh when B s
Power Crain of Common Emitter Trangistor amplitier is ..., .
Cuererd Giain A&, in Camman Base Conliguracian is ... e s .

Amang the Three tranzistar anyplitier configuratian s, large autpa resistanse s
(LT o 111 [T 1= 1 L)

IMixhest current pain. whader clentieal conditions s oblamed n o
Iransistor amphfier configuraiion.

[ CConfigaration is also Kwewias ... L CITEUIL.

Interms of b . current gain in Darlinpien Pair circunt is upproximately
The disadvantage of Darlington pair cirgswil i3 ... 00 00ee.

Compared ta Canmon Emiter Configamtian B af Darlington giar ciecuil s
In CASCODE amplifier, the transistors are im ................... con[iguration.
The solient Featuers of CASCODLE Amplifier a0e oevvevveennees

ESSAY TYPE QUESTIONS

Write the genceal squations i terms of h-parameters for g BIT in Commaon
Base amplifiers configuration and defing the T paramcters,

Conyert the h-parameters w Comnim Base Conbigurtion 1o Commen Emitter
{onfipuration, deriving the neces: ary equations.

{.nmpare the transistar { BFY ) amplifiers cirewits in the three conlligurations
with e help of h-paramcters values,

Draw it h=paramcéer equivalen circuits for Transistor ampliticrs jn the three
conligurations.

With the help ol necessary equations. discuss the varations of 4, A R B A,
with B, and B, in Comman Emifer Configueation

Discuss the Transistor Amplifier charag teristics in { ommon Base Configura-
vion arsd their variation with R_and R, with the help of equations.

Comparc the charactenistics al Transistor Amplificrs in the theee eonfiguralions.
Dpawe the cinenit tor Drlingtnn piar and derive Ihe expressnna for AL A R ared L

Draana- the care ot o CASCCDE Anvplitier, Explain its working, oblaining over-
all vulves of the circwst for b, b b and b
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MUITIFLE CHUHUFE DLUESTEINS

1. Thr h-pammeters bave

(&b Ramc units [orall parameters {B]  dilferent units for all para mcters
[cb  donot have wnits 1d1 dimension less

1. The expression delinipg (he beparpmgier I1II L

1, I,
{a}  ha. - E L, - bt hy= 70 9
I
(b Ty = 1200 (4} hy=|1=0
3. b - Furameters are vabid vver o . frequency mnge
(a1 RF [y ForlM anly
(oh Auder freqeency range (dy  upto 1 M H:
4. By definition the ¢xpression for b |%,
a1 d . i e | d
A —= h  —= [ C Wy =
ﬂ!n"lp'l-: &xl Iy=-¢ -r'] .I';. |||-|-t av" I -k
S. Typical value of b s
{a}y -DGF {b} =101 (el + 23 (d) 26003
6. The expression for hle interms of h!‘b and hih i5, hiE =
h h h
_ h r i it —m
{a} hﬁ— —L - 4h ~h, Wl 3Th, (d) -,

The ralin of A?‘ signzl power deliversd (o the load to the DC input pnmnr In the
getive device as a percentape ig cailed

{a] coaversion (b} Bectficolonn i) power n (d1 umilization fastor
% The peaerul expressivn for .-“ul intermg of ILI hn and Z.I. i . A
h, b, h, h,
R T T T A A LT A G R Ty
9, Exproasion for Avs in terma of gt’, R;‘ E‘I.‘ Z_r. In 15 een
() R::' z (I} ;J _‘i‘ i} T %E—L'.:, (d} %fﬁ:

7. In the fave 0 BIT, the reuistaoce belween fictions hase terminn] B and  oolside
bazc 1ermioal B is, called

[a}  Hasc resistance {b)  Base drive mesiztance
ted)  Huse spread jesistance {d} Paze Agtions cosistance
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12.

L3,

14.

15

146.

17.

8.

19,

24.

In large signal anabsis of amplifiers _.

fal  The swing ol the inpul sienal 15 over a wids range around the uperilinge peint.
ekl rperatimg poinl swimes over largs ranee

el stability Cactor is larpe

fl poseer dissipation s laige

The aalis of the parameier hoe .

a) (b1 &) £y westanl d)v-A
Typical value of hre is

TSN 1 T S (L B ey rtan @ 1o
CASCODE transisioc amplificr conflipuraizon consisls of

{a] CCE-CE amplifier stapes ihy  CFE-0C siages

ic1 CE-CF stapes [y UBAC stages

For CASCODE amplifier, on The inpel side, the amplifier stayee s o ..
Lar . Beonbiruration iby  C.L 2ontiguration

{2} emigrfolloser (4 C.Econlouration

CASCODE am plificr characiensiics are

{a}  Low valiage gain. laree currem ace

{b} Lo woltage gain, low cureenl gain

(=} largewoltage pain, large ¢oreent gaan, gl oulpol resislonce
(dy  l.erge cumrcnt gain, Lavge voliage gain Low pulpur resistunce

Charactensiics of Darlinglon circuit are typical values

() Ri=WE, A =10k R, =MO, Ay - L
thy  Ri=mE, & =10k & =100 Av <]
(eh Ri= 1L A - LR, =~ 1OE Ay - |

() Ri=MILA =1 Rn=100 Ay~ |

The dinadvantape of Darlingion pabe ¢lrcull i ...

(A)  lovw CwerrEnn gain (b1 low oulpuet resistance
foy leakapge curranl is mobe td)  high inpul resistunce

Compared o C.C. configuration, Darlington pair chrcoit has

(a)  low currgnl pain th)  low volage pain
fcr  lange curront gain id)  lurge p output resistance

[n the case of Darlingtan eireuit, A, i3 ApEroximately
(3 2h M AT tch by, () {hy)
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Specificaiinny af Amplifters

Paramielsrs Tupricaf balues
Type at Amplifice o Audio ! Typical Values £ Power £ RE £ Yiden
Frequeoncy Range : L5 Hzs- [ KHz:
Cwlpul Power LV TR
Yoltape sain o 2db
Current gain L
Fowet gan ;9
[nput impedance © kDY 5 pf
Cutput impedaice : MMM: 1pl

Hand width ¢ 1060 KHes




I Amplifiers

In rivis. Chaopier,
*  The concept of Feedback is introduced.

2 Effect of negative feedback on amplifier characteristics is explained.
Mecessary equations are derived.

#®  Vohage series and shunt amplifiers, current series and shunt amplifier circuits
ars Eim.
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7.1 FEEDBACK AMFPLIFIERS

Any svaten whether it is electrical, machanical, hydrailic or pneumatic may be considered to have
at least-one inpul and one output. 1T the syetem is to perform smoothly, we must be ahle to measure
or control output. If the input is 10mV, gain of the amplifier is [00, output will be 1'V. Ifthe input
deviates to 9mY or | ImV, output will be 0.9 W or L1V, So there 1z no control over the outpot, Bul
by introducing feedback between the output and input, there can be control over the output. [f the
input i5 increased, it can be made to increéase by having a hink between the outpul and input, By
providing feedback, the input can be made to depend on output,

One example is, the iemperature of & fumace. Suppose, inside the furnance, the temperature
should be limited to 1000%C, If power is supplied on, continuously, the furmace may get over heated.
Thercfore we must have a thermocouple, which can measure the temperature. When the output of
the thermocouple, reaches a value comesponding o 1000"C, a relay should operate which will
switch ofTthe power supply to the furnace. Then after sometime, the temperature may come down
below 1000%. Then again another relay should operate, W switch on the power. Thus the
thermocouple and relay system provides the feedback between input and output.

Another example is traffic light. IT the timings of red, green and vellow lights are fixed, on
one side of the road even if very few vehicles are there, the green light will be on for sometime.
O the other hand, if the trafTic 15 very heavy on the other side of the road, still if the green lamp
glows for the same period, the traffie will not be cleared. 50 1n the ideal case, the timimgs of the red
and green lamps must be proportional to the traffic on the road. IF a traffic policeman is placed, he
provides the feedback.

Ancther example is, our human mind and eves. If we go to a library, our eves will scarch
for the book which we need and indicates to the mind. We take the book, which we need, If our
eves are closed. we can't choose the book we need. So eyes will provide the feedback.,

Basic definitions
Idealiv an amplifier should reproduce the input signal, with change in magnitude and with or without
change in phase. But some of the short comings of the amplifier circuit are
1. Change in the value of the gain due to variation in supplving voltnge, temperature or due
| (4] I'.‘tl.'ﬂ"ll.pt'lt'bﬁ'lﬁ
2. Distortion in wave-form due to non linearities in the operating characters of the
amplifying device.
3. Theamplifier may introduce noise (imdesired signals)
The above drawbacks can be minmmizing if we introduce feedback

7.2 CLASSIFICATION OF AMPLIFIERS
Amplifiers can be classified broadly as,

. Woltage amplifiers.

. Current amplificrs.

. Transconductance amplifiers.
. Transresistance amplifiers.

This classification is with respect to the input and output impedances relative to the load
and source impedances.

b b

B
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T.2.1 YVoLTAaGE AMPLIFTER

This circuit is a 2-part metwork and il represents an amplificr (sec¢ in Fig 7.1 Supposc
K, == Rs. drop across By e very small

H“
Myt
+ T - I"l:l:- T
@; ¥, 9, Oy, RO,

Fig T.F Rquivalent circufr of voftage anmeplifizrs.

- Vo~ Y.
Simularly. if B »= B V- A Y,
Bu¥, - ¥,

2 Vo- Ay Ve

. Chutput voltage i= proportional b inpob vl tgze.

The constant of propanionalily 4y doesn’! depend an the impedances. {Source or Iead).
Such a cirowit iv vallod as Fafrape Amplifier.

Therefore, for ideal vollage amplifier

K==
B, -1
_ X
M v
with E_- ~.

Ay represents Uie open circuil voltage sain. Fozdeul vollage amplifien cotpul vl loee 1S
proponional te input voltage and the constant of preportionality is independent of Be or B,
T.2. 2 hRREY1 AMULIFIER

Anidezl current ampliler is vne which pive: culpul current proporiional to idput correnl and
the propodienal ity factor is ind cperdent of Ry and B

The equivalent circult of currertamplifier is shown im Fig. 7.2,

— B s - - —— - - — - - -

o 2

1 : -
.
E
=

Fig 7.2 Cureepest amplifier.
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For ideal Current Amplifier,
R,=0
Bg = =,
If R=fhlc—1. .
. Ry = o,

L=la=A[=4Al

I .
M= 1 with R =L

1
= A represcots the short 2irewil curment amplifigation.

7.2.3 TRANSCONDUCTANCE AMPLIFIER
[rteal Transeonductanm:e amplifier suppliss outpol corrent which is propactional 1o inpet voltage
tndependenthr of the magmitude of By and #y .
fdeal Tronsconducinnce amplifier will Aawve
Ri= =,
Bo= =,
In the equivelent circwil, on the input .r.iﬂl:, 1l is the Thevening” eguivelent circuit. A volage

R(HIFCE COMmes in series with resistance, Cn the nutpat side, it is forton s equivalent cireo it with a
current source i parallel with resisfange. (See Fig. 7.3).

R =
W T o
) I RSy {1 SR A,

Fig 1 Equivafens circai of Tronscenductance amplificr
T.2.4 TR4%S RESISTANCE AMPLIFIER -
It gives output voltage ¥ proportional 1o 1, independent of B, o Bp. For &deal amplifiers
=0 R=-0
Eguivaleni circkr ) B

W 3% 3 O S

Fig 7.4 Trans resivtance amplifier.
Foron equivalenl circuil on the B input side.
Thevenns' equmvalen cireuit on the ouipul side.



Feedback Amplifiers 85

1.3 FEEDBACK CONCETT

A sampling network samiples the autput voltage or corren and this signal i3 applied to the input
through a feedback two port network. The block diagram representation is as shawn m Fig. 7.5,

CENFRALTED BLOCK STHEMATIC

— | — 1 — = -
. Dmni
Signal ' Ecmpan - .i“: O | Sunmplimg
Saures | ¥ ot 3 ¥, mRELTREE Nolunr R,
e |_*;I A

*o. Feedback
v, webwerk
¥ -

B

Fig 7.5 Biock diagram of feedback redwork.

Signa! Source
lt can b o waltage soutce W, or @ current source |
FEEDR Q'K NETWOEK

ltis e ]'la'.-,sl'.: w0 port network. 1t may contain resistors, capac ttors or inductors. But wsually a
registance i5 wsed as the Eoedback, e]cmc nt. Hare 1he output eyrrent is sampled znd beediwck. 1The
feedback nedwork is connecied i series with the ougpur, This s <alled as Carresd Sampling or

Leon Sampling.

A voliage fredbock i3 disiinenivhed in 1R way from current feedboack. IFor voltage Teedback,
the feedbuick e lerment (resestorpwill be in parallel with the outpot. Forcurrent feedbuck the elemeni
will be 1o series.

CovraraToR UR MIXER METWO KR

Thiz is wsually a differendial amplifer It has s mputs and zives a siwgle mmiput which iz the
difference afthe hwo inpgg

Y= Outpar voliage of e basic amplilier defore scmpding |sec e block
Jiagrantr of Feedbiack]

Y, = Inpuf voltage 10 ihe basic ampliber
Ay = Vallage ameplification = ¥,
Ay = Current aplificanon =1,
Gy — Transconductance of
basic amplifier = 1,
Ry = Transresistange = ¥,



J46 Flectraonic [Fevices and Circuilks

AN these Bour quantities, A Ay, Ty and By represent the transfer gains {1hoagh £, and

Kpq are not actually gains ol the bagic ampliher without feedback, Sa the symbal 47 is used to
repire senl these quuniilies,

Apis used 0 represent the catio of Owe autput 1o the inpod wisk feedfack. This e called astle
transfer gainof the amplifier wah feed back.

"rl
I,l|II - a
| v,
A
= I
. I
Coai = 7~
1"-r:|
Roer = 77
Feedback amplifiers are classilied as shown below.
Fc:u:lhack
| 1
Pazitine ' MESH:E )
(MUEEREragive) "Egdr'lr el
| |
Malope Cumrént
I O ;
s il Neik Slune

: ¥,
A - vollaee gaon - v’

¥
beedback Facier [L= _,”.r [ This [} is differerd Beoim [3 weed in BITE )
I

(R rAY = 1] =-[iA
Leop purin # Retwrn Batio

= | 15 due o pharc-shil of 150" herween mpit and ouiput in Comman Emitter Amplifier. Since
Sin{ 1KY = -1,
Hetnrn deffeieage D= |- [oap gain nepative sien 1§ baciese it is the differdnce
O-1 -4 pAn

[D=1+p3.a]
Tvpey of Feedbaek

How to deternine the tvpe of feedback 7 Wirether cumrent or valizge ¥ IF the feedback signal is
propartianat o weltage, ol i Fetage Feedback.

It the feedback signal 15 proportional te cument. it is Carrend Feedbock,
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Crrrnafis oy For fer vedigfive
barpod signal s traswsmicced oothe aunpul ol groplifeer 4 and o toough feed ek
nerwr b b
2 The feedback signal = frans pnrted 10 rhe puver gl feedback netecark and aon through
anmphifier,
1 The reverse ransmission Gacor [3 s independent ol B, and F .
T4 TYPES OF FYEDBAd K

Feedback means o porticn of the oulput ol the ampldicr circat b osend back or given back or
feedback attlee @pucterminals. Hy thiz mechaniam ke charaetarisics of the amphfier coecuit can
he chaneed. Tlengy Fecdlaock iy vinpeeved ingpcnts.
There arc rao pepes of teed ack
1. Paanive Focdhach
20 Sweaiive Feediack
Megarng Fewlback i alsw called as dogeackarie fratheck. Bocavse in vegative feedback,
Lhe Feedback signal opposues The inpl sienal. 5o s called ws depererative feed buck. Bot there ane
mam, advantases with nepacive feedbnek.
Advantames of Yepoifve Freedhock
I. nput unpedance can be ingreasoed.
I {hotpu impesdanc e can by decreasesd
3 Transter gain Ar can be stabilized against variativas in froparimrerter of e rrans ster willy
TEmp Al el
Pz sCabrility is dmpnrseey]

4 Handwidilis incressel
Ao Lameaney ol cperation is isnpecaed.
G [Jistartams e dced.

VL Feomse moduce s,
T.5 EFFEQCT OF MECATIVE FEEDBACK (3N THANSFER (2AIN

- v | "

P I:,

Fig T Bhech sofresiic for mogative fecdbeack,
1"‘:"
A= n
|'1l 1l - "':n, 'I. 1'I'I| '
U L
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Vo= A, 1Y, PV
Vo~ AV ARV,
Vall A A - A Y,

v A,
AT T s,
150 REoLcriom i Gaus
— '&"'-'
IR

(Tur posiiive Feedback)
Ay = Volluge pain withoot [edback. (Tpen loop paim).
M e Feedback is nerateve. [ s e eabve,

M
A . — -
Y1 PALY
. A,
For negative Feedback A =
| =0,
Deoominaton == 1. Ay Ay

oo There i redugtion a gain.
T2 INecREASE 1% BAaypwipTH
I B3 apper citalT froguensy.
Fias lower <ol off Treguency
I'is anv freguency.
Focpressiom for A, (voltage paim af awy fmequency 1S,
A (mid)

A= ———
" l+i.i
fe

A, tmid) = Mid frequency gain

a, {mid}
|+ (&,
Substituting equation {13 im{ 23 tor A,

¢

Tor negative leedback.

A, (mid)il 4. J-'r

IH . .
AL +“[ A mid ~‘ { for eganive Feedlack

T Ty

.

ced 3

LRI
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Ay mid) -| ¥
.I'l|| + |.|I _ .fH
1o if + i [a, mid

Ay finid )
RN A | PRy

. AL imd)i T B.*‘h{mld} {3}

J,,[1+n A {mid’]

Lquation {3) can be wrillen as,

Simplifeing, A, =

4t = Ay dmidd
' | 4 _|_||"
Je
. A [mid)
Where P dmi = e Tinid)
H“d .-illill =_IG'| { |+ H‘r '“"'- -||I'|||]:|]'

'+ [@ is negative for negative feedhack, fy = fu-
s, NWepaive fredback, increases bondwidrh.

| I lf III||I"'!rudl
Sinukarky, i L. a2
h‘ l. '|.|.ﬁ A“"’I'Idl- ¥ ._{IL_']
/
B
A bt AL
or A= ¥ hd _!___‘-[nm
I
Hi+RA )
LAy
&, = :
T+ j 'rJ--

T3 Repuooros 1 DhsmornoN
Suppage_ the amplifier, inaddition o voltege smplificztion is slse producing distortion 1.
Y= A, WV, HD
Where, "n" -v -, W, {for acgative foodback)
i =Y. - Ye  and Bois negative for negative feedhack,
V. =A v B v e
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Ve [lo Ay Byl=va, -D
L WA ¥

*T e Ay i) [4MA,]

For negative feedback, [ is nogalive therefore dennminator iz = ]
. Thedhstortian an the oarpun 15 reduced

—miﬁ"-’lﬂl

The phyysical explanacion is, suppos: the inpat e pure sinoseidol wive, There is distorlion in
the tmatput as shownon Fig. 7.7,

e A~ i A A
AR BVYAVAVAS

fa} Japur sigrmaf ) €Qearprert Witk distertion
{Withow megotive fesdhack)

Fig 7.7

Minw, o a part of the distorted outpot s Ted back 101he input, so 25 W vppssse the inpat, e
feediack simal and nput will b2 out of phase.

Bothe new input ¥, wll have distartion inrodysod mit, becavse of mixing of distorted
Viwith pure ¥,. Sa the distortion o the noiput will be reduced becaose, B distortion intro-
duced in the mpul canceds the distortion produced by the amplifier. Dacause tese twe disler
tions arg out of phase, The feodback signal cancels the distortion prodaced By the amplificr,
Therefore these tawn are nut of phasc

7.5.4 FEEpBAC K TO IIFROVE SEXSTTVITY

Supnase an amplifier of gain A is required. Build an amplifier of gain A2 = TV4 inwhich T3 is
large. Feedhack is rmar intradoced to divide the 3N by L1 Sensitivite s |m|'.nrm-m:| by the same
lacror [3, because bh puin und mestabebin: wre divided I:L]r [v. The stabibiny will be imiproved by the
same facior,

T.5.5  FReEQLENCY DNSTORTION
4
Y
[T1he Feedback retweark daes nat coutaen ceactive elements. The avesall waim g nona funetian

af frequency So frequensy duration is less 1] depends uprm frequency. with nepative feedhack,
i3 fectar will be hegh.
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T.5.6 Banp WiornH
1 increases witke negative Feedback [ as shown i Fig. 7.2)
'-f.ll {..i‘.f- f? ) _||r_-,|
W =0 61BW =L )
r _ | |
'-Ir: - |—|:l5-5, .-Ir: =.lr2 I:I + [I'-'Jllm.:l R = BW
RW =55 "."'-1 :f:
B - 5 -f- 0
(BW) =1 + M4 ) BW

Fig "R Frequency Rexponse with axd withowr negative feedback

wrelliopl [Feikhin.b

will nipalive Seolbpck

. ot

ampl: Fier

1,

FecdBack Ferwaqnk i

Fig 7.9 Feedbach network,

T.5.T SENSITIVITY eF TRAKSTSTOR GAry
Due o aging, temperalure effect @lc. on ercuis capaciance, transistor or FET. stability of the

amplifier will be altected
Fractional thange in amplification with feedhack divided by the frectional €hange withoot

Meedback is called Sensirfvire of Transistor,
dAy
i
dA.
A
_
D P2

A
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_ - di; | }d_n|

DCafferentiating, Ay |+ A A
|

o Semstlivity, 1 FA

Feocipracal of sensitivity is .!}ﬁn.s'in‘w‘.rﬂ D={L+ A} |

158 HEDLCTION OF NONEINEAR [HETORTION

Suppose the input signel contains second hammonie and its value is B. befone foedback. Hecanse of

itedback. B, . appears al the cutpul. So positive (18, ¢ is fod to dwe inpuc, 1is amplified o - AQ B,
- Dutput weth two terms B, — A[LH, 1

B, - Af B, F= Ry
__Bs
EL N T

) B B:.!f < EI
S il iz nedeeged,
T.5.% REOU 110N 0 MOlst,

Lat M be noise conslan withoul feedback and I with feedback. N is {ed to the input and its velue is
M. Tow amplified 1o AN

M- M- [AN,
M, il +BAT~-MN
M
a5 NF_ m

M < M. Moise is redwced with negetive foedback.
T TRANSFER (ATM WITH FEENBACK
Consider the generalezed feadback ampliler showson Fip 710,

A parar
Fiser

[harbezence signal Ly signal
My=X Rusig X, AX
Amplifier A

X

hinpuL dagaal
Ealemaal
Had

Feedhack
{ = Melwark 4"
W, =A%, elwark "I

Feedback signal
Fig 7@

The base: arpl et shewn may be w valiee amplifiee or current amplifier, trenseonductznes
W Iransresisianse amplifrer.
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The fuur Jilferem types of feedback ampliliers are,
. Yoltage series feadback.
2. Wolge shunt feedbanck.
3. Currenl series feedback
4. Current shunt feadback.
X, - lnoputsignal.
,‘.i:c Clutput signal.
X, = feedback signal.
X, = Dfference sighal [Difference between the input signal and the
feedback sionali
B = Reverse wansmission fagtor or feedback factor =X /X

The Feedback network can be 3 simple resigtar Tha mixer can be a difference amplifier,
The vutpat 0F the mixer 1= the hifference belween the aput sigoal and the feadback sipnal.

XK K-k
X, 15 also called us eror or comparison signal.
.
"

It is ofien 8 pusitive or negutive el nomber.

1.
This [I shonld nat be contused with the [§ of 8 mansistaor —

lu
X, X,
Transfer gain A x_. =3 j
A (1}
x.
Gain with feedback A = }i_
But X,=X-%X7X (3
Ay
B= X, A3
From 2], =X, - X,
Substitute § 1} i1l
a- Ay
Ko Xy
[ividing Numergtor and Denominatorby ¥,
XA RJK

A= Ny

X, X, X,
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x
W know that }{_-’ X, mA _:{I B

A= _:"'r_
[i-pa,
or Aol A A=A
A=A Lt BAY
A
A 1+[in

A~ gan with fesdbech.

A = reansker gann withouor leedback.
IF | = Althe fredback is called as negative ur degenerative, feedback
A = | A the Teedback is called oy positive or regeneralive, leedback

Th ] 1O0F GAIN

Inthe blogk diggram of the feedback amplifier. the sigaal X which is the auttput of Lhe comparatng
pazges roigh the amplilier warth gaan A. 543t mualtiphed by A The it passes throug o feedback
nereork and hence gels multipled by [5oand o the comparatar it gets shulliplisd by 1. L the
process we have started froan the inpul amd afier passne through the amplifier and feedback
Heteork, completed the [vop, S0 the total proeduct AQ.

Inorder thay serfes feadbuck s st eflective, the circuil shanl] be driven Irom a constan?
wrligge source wWhose inteanal jesistance B is snalf compared to B of te amplifier, 1T R, 8 very
large, compared with B W will he waodafeed not by ¥ hor because of the drop achoss B itsel .
Soaffect of W, will nor be there. Therelors Tor senes feedback, e valaee source should have
less resivtence. {See Fig T L

Arnpliicr

Fig 71 Serles feodback

Innrder that shanr foedfack iz most effective, the amplifier shaeld be driven e a conslant
current source whise resisiance K s very high B >> R L

v

Fig 712 Current sfroant fredbock,
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W che resistance ol the sonerge is very small, the feedhack coarrent will pass theough the
source and we through B . % the change m b will be nominal. | herefore the soutee resislance
Slnld Be larpe and henese a Querent sathiee shael k- ke used

IT 4he feedback currenl 15 same g5 the output cocrent, Lhen it i series derrsed Feedback.

When the leedback i shunt derived, cotpot vohage s simultuneousdly presentacnoss B anmd
across the inpul te the fecdhack. Soin this case ¥, is proportional to ¥ .

v | s K Se d
] ,ﬁ; 1. 4.

o

r -
b |

Fig T13 Seriev derived feedback,

An amplifier with shond derived negative Feedback increazes the owtpon resistance. When
e feedback. 1> senies derived. | remaimns constan, so R icredse.

SimilarTy it the feedback signul 1z shant fed i redoeces the input résistance.

B F
—

..

.

Fig. 714 {3 Skani derived feedback.

If it is xeriex fed, it increases the ouinot resistance. Therefore |_ rermains Constand, cven
throuph ¥ increase, sn B increases.
Return Ratln

[iA = Prdieet nf feedback faoyor {4 and amplification Kactar & is called ps Revwrn Rovie
Repurn Difference (0}
The ditference botween unity (1) and retarm ratin is called 8y Berarn differeace.

D= 1-i-[fA) = 1+[iA.
Arnount of feedback inroduced is cxpressed in degibels

cntee A= 20 e [
=M lng Il M= 20 lng A
If fecdback is nepative N will be negutive because &' = 4

|
T g I+A[{|
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7.7 CLASSIFACTION OF FEEDBACK AMTI'LIFIERS
There are four types of feedback,

[. Vollage serics Feedback,

2. Vinltage shunt feedback,

3. Current slwnmi feedback,

4. wrrent serejes foedhack.
Folivee Senies Feedbook

Feedback signal is tabken across B proporbonal oY 5o e vollaee feedback. ¥, i3 coming m
series With W 5o it s Vollage senies [eedback (Sée Fip. 714,

"'ll. 1|."r A 1'r|:. % HL

==t

Fig 714 Schomarle for voltage serips foadbgek

v A v@ ¥, ""._ A R,
—— 17 L— 1}
A 0
s —]
fa} ¥Folage shwni Feedback {8} Crrrent Shunt Fredback

v A , % R,

1

8

it Correnr Serles Feedback

Fig N5

dmprovement of Srabifity with Feedback

Stahility means. the stalvility of (he voltage gain. The voltzee gain awst have a stable value, with
frequency, Ler the chiange in A is represemied by &,



Feedpack Aepilifiers

T

| da,l
S AR
A, l Ay (d_'ﬁ'l 'l
L 'q't
."i'.[l
A= v {for negative foedhack)
5
. A
AL- Y
I+ A iy ﬁ|

di, 1+ ﬁ..a,,]_-,q,,. [-1)
A gyl

Difterenciating wirh respectin A,

dn,. 1
dAy (11 [, ]

Dividing by A on beth aides, of

d'ﬂ'_"".-l e I-- _.I..
a, da Lopad Al
A A A
Eut Al ; —L -5 =5
u T an 5 Al
Ji :
S_ . £ - 0]
sav hopayT
dA
5= - N
{I +§a,}
For negative Feedback. [ negative. . desnminator = 2.

L

) { A J}?

e varialion in A, or %o change in A o5 less with -neeative Teedbuch.

oo Shrhiliy 1s good.
78 EFFECT O FEEDRACE ON INI'LT RESISTANCE
T.E. 1 [SFLT RESISTAMCE WITHSIIL KT TEEDBACK

"y
With Teed bk E = I_I

=1+l J
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— "rl-'
TR
Lo=A

— "'..I'
AT

Il.lll
K, TN
i i,
Ry

Inpisie reEiRmere e deeremvey with hant feedbck.
M the Teedback sropil iz tiken acress B, wis oo ¥ oo so i s Maftage feedbick.
[Fehe feelbusk signal is laken i seres it the outpon erminads. Geedback sipgmul s proportional
o L. S0 is cerrend_ feadboack.
[f1he feedback sezoal s in serics woih the inpat, iLis seriey feedbuck.
Hehe leedback sinal is iw shent wilh the mput, i1 15 sheet feedhock.
FApREsson FORKR WITH CURREXT SHUNT FEEDBACK
A, = Slont circual correnl gaim ol the BIT
A — prakival vorrent gain 3, [

n
1

IR IEES

I
k.

Fip 71 Carreal vhunt fecdbuck,

A, PEpTeR2 G Bl SR St Surnean maan thing T it accaur,
e LY

: = "J"'R"rl . )
anil fr. = E.. +T-‘., - A0 oo ber A= T E

I

g AR
MET T RCir T

." I 1
A e IR RS
R, -Vl B -Vl
W R,

!RI: [|+ﬁ,ﬁ,|J| il+ﬂ'-"|.| ;.

far shunt feedbach the inpur resistanes decreases.
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TEL ISPLT IMPERARGE Wil SERIES FEFIRAUK
VoEW o |'!-‘n.-'___ [in gengral casch.

For nepative feedback, |3 e negative

LY N
v! W - A e
O
v 1A
v, v
S L y
I Lil-fta) ! i!
I weierak, RI |G FLLEL S,
- Fie ZI7 Feedback nefwoek,
v -V IPY, K
VoW HR ALY coWE AW
Vo= ¥ (IHiA)
But v -1 R

v ={lFATR |

"
I'- = Input ¥ seza vy the source = R (1-[b4)

R, =B [1+pA)
FXfmESSIOS FOR RI Wi WOLTAGE SERIES FREBEAL K

Inthis cimsuil A represents the open ez uit valtape paan faking B inte accaunt.{see Fig 7.1 %)

| R

> it ,
i L Lo
r 4 )

‘r_p@jm % "

A G
‘Fip, 708 Vofrupe series feedback,

L PR
or "r’__L "-"|+ ‘h“{
Ft: = H'II = "":"ll:ll
¥.= II H| + vl - II HI + F".I"'I-.'l
ro— Ahx"rlnl _
¥, = T [, 118
ALK,

141, Ta TV LR
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om P P
| 1. YR,
Hr_ﬂ'lnﬁ =R fl-pa.}

A, - vollage _g.un wnhu.-u[ lexdback
far sevies foodhask input regizange increases

7.9 EFFEUL OF NEGATIVE FEEDBAL K {HW H.}
Voltage lesdback {series or shant} R decreases
Llurrem fecdkack (sgrics nr ahwng) B increascs.
Serics foedback (virliage or cwrrcat) B minzroases.

Shum teedback fvoltage or cumrent) B deercases.
(M H T ARKISTANCE

Megutivg feedback rends tu decrease the iopet esistances. Feeding the wolrags back w the amput
N4 degeneralive Makmer s W0 tausde [esver mimdce i V.o Tlence the aitpu v-;:nlﬁge tends o
icmain constant an B chanees hecanse oulpll st '-'u'rh lezdback R <o R, .

Mepatve Redback. whch saniples the anetpor vomen vl el Go odd the uu:pul current
sorrstann. lense am curtpul slarent soucce 15 created (R == B ) 50 fla: 1ype of comnection
IEreA sEs Culpll resislance.

Far wialtage sampling K- [ For cuzeent feedback B> 1,
T Vol TAGE SFRIFS FEEDRACK

Expression For By locking inla output termonsl s with B disconnecred.

P K, e

t
v K AN I
4

[ P

©

Fig. 7.1V g r-

R, 15 determined by impressing valtage 'V at the nutput ferminals or messing T, with inpuol
K4 terminals shorted.

Disconmect By - To Mind B remove external siguel {set ¥ = Door] =10}

Let H‘I_ =

Impress o voltepe Y across the output feminals and cefculate the current [ delivered by W
Then. B, — WL
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I_YH—ATV__\QI&hV

Ea R,
Yo = aulpag vl e
Y, = -0,
Brocause witl Yo oL, =W =
b E.
Hence, R, T 1S 3A
This gcpretsmd 15 excludeng B 1P we congider B alse B 05 v parallel with R
H..R :
R, — 7 - Substitute the | value ol R
n Hﬁl 1 Hl (]
-_H_"_. w
R -0, _ R.R,
W R B.-H (AR
|- [, :

T CUHEEST SHUNT FRERBACK

- . o . i LS
| 10
Fip. 73l Black schematic for current phunt fopdback gmplifizr.

= -1
A = Shunt ¢irewil coment gain

1
| I i ! |'-|-’Fq ‘
'.':*E‘ .k é\l y " 4 Ej R R .
il

- .
L
A = Practizal current gain I_ |
|"'r
k- T -A,
Berth. L=0.0- 1« -[B] =+Jl
v
[ E A bor il BAy- R

v
Roe= 7= K, (H BA

A= short ciicwin surrent gain.
Rnfl ahe s Fl'.l as pan of 1he anplifier,
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"R
A -pa W,
R.{I+1A J+k,
_ RRy_1epa
R,+H, L:_ﬂi""l:f‘_
E,+F
—_ I'-' - AIH-\.'-
i I R,+R,
B_H
R,= % :~+ RL
A L
o 1+pa,
o = R pa,
1. R -
A =0R,=R,

MR, =R (1-BA)

Frobfemr 71

The fpllowing ittfarmation is available fon the generalized feedback ngtwark. Open doop saliags
emplification (A& ] =— 100 Input voltege (o the spstem (¥ ) = ImY. Determins the closed foop
vehag: amplitication, th: outpat voltage, fecdhack voltage, inpul valiage vo the amplifier, and type
of feed bagk dor {a) P=0.00, {b} b=—00N5 (e |5=10 () [ =001

Safuricn

A, —chosed loop voltage amplifi cation - r "

Sigm mst be considered,
L = 50
10N 100
s positive Tesdback, A s less negative . there Ts meresss imogain.
W Chtpul voltage = W A
=== 07 mY
=-MlmV¥
¥V, Fewdback voltage ~ 0%, = 001 {- 30+ 107}
=—Qaim W
ME h[EL Y
=05 F LD
=i my

Ay =
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Thi= is negative foodhack because, ¥ < v

la, = A
Prubfem 2.2
Al ahove problem detemmms the % varation in A resoltimg from 100 % mcredve in A when
Bo- 0L,
When & - - 100, A" - - S0,
Felnrion
10A_increases by LN %3, Them now value nf 4 = — 2041
: Ay
Av T pa,
A,
TR,
-0k
e, Av T 1onaf- 200) 67

Change in A, 15-86.7- 50 - 167
Yarnation — 1.7 o - 333%
artation = S
Prodlems 74
An ampbefier with opea loop voliage pan A = 100 2 1001z available. 1t eecessans i have sn
anphifier where voltags gain vares by nolmore han - ] %
tal Find the rewerse rransmssien factor ol the Tesdback network used
fb1 Find the gain wilh leedback.

Sodiaticenr
day b dd
1zl A L+BA A
A
ur W00 {11 pa ) 1000
(1A= 10 ar B = 00— 1) — 0%,
e
= —— = [.09%
Hence, o
. f
. L

(T IpA 1ear
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Frobfesws 7 4

A pain vananon of + 00 % s expected Tor an amphifier with ¢lozed laop gam of 100, 1iow ca this
varidlion be reduced to + | %%

Kerlarion
5
S - o
for puniitive feedback,
) &
S pa
A=00l, 5=I11
tow negative Feedhack, {1+ [V 4 1= — o = E
' LR b
A'i'
== |+|1-’; =0
A= 100+ 10 = 1008,
I-PA =10, .~ FA=10-1=9
E - %: % = [hI]CF

. By providing nepakive feedback, with [3 = G009, we can improve (e stabilitv to [ 5.
Profilem 7§

An amplifier with 4 = - 5. produces 5% harmonic distartion at full oufpul. What value of B s
required to reduce The distorhion a0 1% 7 What /s the averall ggin?

Xelrtion
L= T+ A, (for negative leedhack}
=5 D =il
LN
N7 (iEa)
_ 3
1+ [3u]
1%
or E = E:ﬂl’r‘?ﬁ.
_=h, S0k

T R SV P
A S RN G



Feadbuek Amplifters 405

DA
[ oA,

K
ao=h, o -

Prabfemm 76

An amplitier has vollage wain of [0,MGwith ground plate supply of 130 Y and valage gain it #1040
at peduied rate supply of 130, On apphicacion of nepative fecdback The valiage gain al normal
plate snpply is redueed by a fuetor of 80 Caleglate the Ty wolMage gain of the amplitier witly
fegidback for two values of plate soppdy salage, 2) Percentage reduction in voltage gain with
rechictiou in phace supp by voltage Rae ath condinion. with and withaur feedback.

Sodurinn

y
A= =S When V= 1508 and A = 10000,

1“‘&
Voo OO = [ 50 = 12~ 10N [l permal swpply wo ages)
W A
=5 A= Tia
[, 0600
i A

S g reduced by a fagtm oF B with feedback. I.h” al Mg

10000 L0000

1)) [ = b [ O0EHD
L+ |54 10,0 = $0
79
f=s
la*
={1. 07

V, when ¥, = 130V is gain = ¥_ = &000 « 130 = 104 = 104 ¥
Wohage gain of amplifier with fecdback when W, — 150,

[ LI
A, by T ? — |25
V.o 130Y
L]

- T a4
Atk = [ Too0rasgo0n o

- .. . . TS - 0400
M stabidisy of gain withon feedback = ————— = |00 = 20%
[25 =124

125
. Wich nggative feedback stability 5 improved.

% wtability of wain with fesdbock = x 1k =4] 245,
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TI0  AMALVSIS OF FEEDBACK AMPLIFIERS

Wheas an amtpeli Flar cwrcui rs given, separate the basic armplifer blkock aid e feedback nenwcrk,
Detenmime the gain of the basic amplifier A. Determine the feedhack fuctor f. Knowing & and [1
of the leedback amplifier, the charackeristics of the amplifiers B | R noise figore, A ete., can be
determined .
Complete analysis of the feedback amphiier is done by the tollowing steps
Step [z Furst identiTy whether Lhe teedback sipnal X is o vohepe feedback sipnal or current
feedback =ignal. If the feedback signal X, is applicd i shunt wuh the eaternal
signal, if ix sfranf feedback. Hthe focdback signal is applicd inoscrics, it 15 xeries
ferdharck.
Then determane whether the sampled signal X 05 & voliage sigsal or clrrent
segndl. [Fthe sampled sipnal X iz laken between the oulput node and ground, it
15 vallage Teedback.
If Lhe sampled signal 15 taken from the output lowp, itis corrent feedbaik.

Step 1 :

k-

. 1Iraw the hastc amplifier without feedhack

3. Replace the active device (BT or FET) by proper model [hybnd - m equivalent
aircuil or A-paramseter modal)

d. Tndicate ¥, and ¥, in the cigouir.
5. Caleulate [f=%,"Y
& Calculate A7 ol basic ampbifier,

-

. From A and 3, caloulate A= : Rpand K.

A
1+ [id

Fig. 7.2 LIrenit for voltape serfex foodhock.

TNl VoLTasE sgKies FEEDBACK
AmipRitier circuit is shown in Fig, 7,12,

This is emitter follower ewreuit because outpar i3 taken agenas B The teedhack signal is
also perosa B, %o Vo =W [ecange feedback sigral s proportianal e ontpot voltage. IF W
THErE by "-": also ineredise and W "lr'u, Woonlse dedrenses Bechuse 1'.-"F e "-"D. So il is



Fecdback Amplificry |y

o o T e AR T Ll

Firftage foealerch, Mo 1y op agpss B0 o "."I apeses The gl solngge. [T TR TRy (YT, YT
W etk n v '-:1|-|'|i|1" M s g b S ILi|1'l.| 1l L AT sl Sl |'||,.""|'|i'-.l,:.'|.t‘r|:.|_"£ LTJ.ffra];;a'ﬁ':‘r.l'buri"ﬂ

e surment i Pewdhochs Voo e valkaar goneas B bt onrpot o ek acposs B
ar Hyoaud net Be saoom then vase ¥, .1I T BT L P AR F< T TR ll1'k el 111 S imig Iﬂllmul
n.lr-.ml Lutpol = daken acreas B 'u1-.! tI131 rechl 1= e 1|.-.':~.Ih wh =izl v

[cd e adre e hese .J:'r:rrllil-:.r w el Tesslluch

e

| oo,
—- . .. - :r:-,r,.r,- .
Ll D23 Shapdivicd o frois,
I
;- *"-.-"'-:-"'-,r T — g e
v |':T) —| Sl T I1!_|.!-_ % W
T e I A
‘[ N |
i |
| |
I ——— -
y — T !
Loy

Fie, R334 Black schemire,
Fonavin ks Ciee

Mow replace the frangishor e ity s fregueney b-pacameter saquaeeaLend circat.
I

A rﬂ-ﬁﬁﬁ;
: o—m | arn | >
! | H

> _ ::|I~ I !
L. ? \I S

P, 724 Block Sohiemalic
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¥, s considered as par of the amplifier. 5o "l.-'l = 1"‘:.‘5'

b

Av=y V¥, = g LR,

IE‘ - !E ] IE = |-ITE ) J]J (- [t is voltage sowres, R: in scrvices with hm}

¥ iR, +hphT;
II = 3]
_ hi: rh R'|:
=i

h K,
= R: Fh, = Violtage gain without feedback

A

A', : ¥oltage gain with fecd hack.
T
T L+[A,

H=1

A

hey By == (R, ~ h,)
Moy = 1o =], whach is wue for eniteer folluwer.

Ft: = [nput resigtance without feedback is B, h .
|:|;; - Inpul ruststance with feedbach

B, =K {I+} A ) ivoliage Fesdback increase input resistance |

Gl

L = he B,

Py L+h,

, L
R =1}, -h,] RRAE Y

B, +h,:

.
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o - Ry JRgrh,, +h Rl
1 tﬂs"h“J

R: =R, +h+h, R,

H; ¢ Ootput resisfance with foedback

Chnput cesistunce ol the ciromt 1s R Becanse cutpul taken across B ead not R and ground.
Lowd resistance is ala K.

. Considering doed resistance,

v _ EJ
Ry TP
R, a2
0 TR R,
R, +h,

Probleme 27
Calculate A, K . and R for the voltage senies feedbuck for the circuit shown in Fig, 7.25.

fL e~ I}V
R_iéﬁﬂ-ﬁ R%I.IH L R—.é&ﬂ-ﬁ R332 I';‘H_If
K

1% 1, e il L

10 Ki2 *
Fig. 7.1%¥ For Problem 77

Assirme, Fi_S =, h,

=h_ =0 and identical transisiar.

The second eollecior is connected o the firsi cmitler through the voltege divider R| R,
Capacitor C o, Cy, C.oare DC blacking capaciters. C, and © ) are bypass capacitors for the emiser
rEsIslns. AIE these -;apaumm:-:s represenl wegligible renr:mn-:a al hagh frequencies
Klerinn

Yoltage gain withoul [=edback A, = A N A
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I pad resistance, R Ll

H.w parallel with B, (- ac high frequency X, ;15 neghgible}, im parallal wath
T and Ty R:_I =423 65 | k& - 98042
R. =Rl Ry iRl

Cifective loud resistunce g, of transistor O is its collector resstance K, inperalle| wath
(R Rk R, =Re [l (R, Ryl

F'.: L =32 KLY | Pwith 10 1kE: = 2 ki}
Eff{:'l.-ll'i"ﬂ encilier impedance Boof Qs R purall-ﬂl with R,
R, - K, ||-'-r R, v Ky s sher for AC
R.-hi [ wiih 2.2 ki =LI.I:I"']ﬂL'ﬂ= 9802
The vollage gain A"'I of , frr 2 comman emitter transisior with emiter resistance

i"i- .lﬂl.u = vl = LBHII_-
- 1'| 1""- hl: II::I'I'hl:]ll.;:"-:

Fow (3 emiber 15 ot at GRODND poteatial. Sa dor &, this formula most be osed
=30 0980

ke (5Txuneg T8
Voliage gain A of (ransisiar Gy,
. R-I. hE:nI
SCREL R Sy
hys B 3
Pl RS L L RS
2 n Il

Far O, emitier 15 bypassed. So R_=0. . For A Lhis lormula s used.
Wirllwge friain Aol the two stages 1 caseade without fesdback

¥
A=t =A wA =TTE% -T2R

T Ly Wy W3

R It L 01
b Ro+R, 100+10000 11400 qup =
A= 728 % 0,01 = 7.28

=1+ A, - 8218
\ = A A, T o
SFT lepA D 528 T

A A, T

o lepa D 858 =
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Tnpud resistanes without exteenal feedbach,
Ro=h, - (g P Ro- LT [+ 50) 098 - ok O

B, =~ R— B —pa) - 60 (14 7.28) 508 . 51

Cutpot resistance without feadback R'= H'L__ =2 k3

Ky 2
=1l.24 K {2

Crutpol resistance without foedback Ko = =
pul Fesistance withou Ak o l+fra d.74

Equivalfenr Circuir

Fip, 226 For Proglem 7.7,

BIT will nol bebuwe ke a Dxed resistor with L ovalue . Socircuil amalyss is nol s ply parallel or
serics combination.

- 1"'I|'\- - E'I
Av_ 1"II| B H':+r|:'|.l
R = W, _ ¥,

" L Ry - My
ﬁ = I"' == _HL
v E,+r,

T.10.1  CuRRENT SHUMT FEEQBACK
Thee circuit is showo i Fag, 737,
Ampliier circuil paracoeiers in teoms ef triome s0or bepdrameters.

h =R
hl'-e=ﬁ
e = K

The cirguil shows twa fransistors 0 and O i cascaded See Fip .30, Feedback is provided
froin the catiter of 3 10 the base of G This is negative feedhack because, V) the input voltaps
W Ry i = V¥ s ont of phase with ¥, %, > V) becanse ) is in Common cmitier
conMguralion. Ay, is large. Alae, Vs |56 old of phase with ¥ Oy is emiter follower because
wrmatter is nol al pround potenniad "-J’ult:mge ri taben aerogs R [Tll'niﬁ voltage fullows the collector
vellage, 5ot s emner followes] Sed o1 - G99
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) ".-"t, 15 slishtly less than "r'lz and there i3 no phase shifi. [hoganse emitter follaws action]

-

w ¥ isinphase with ¥

"'.-’I: t5 oul of phase u-iﬂ: "-.-'II.

LW, 15 oulof phase with W, (130" S it 1= negative feedback

r 1 1
Vo TRV LV SV
P
LI C
1fthe inpul signal ¥ inzreases, 1, the input current fiom source also inzreases 1F], increases,

], alses meredses [ W . moreascs ws ], inereases)

1= I, - I AT, is the base current for the fransistor 0. Su it is neeative feedbuck)
This is current shunl feedback because,

: 'L-'¢z -"'.-'i
. g
; )
Fut k! i < 1"'-:2'
'|'_I
t
[F = + —]
R
Iy = -:.nllccmr eurrenl ol O 1"':; =dl,- TR,
— 2lmnet currént oF G,

Dividing by &.
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fieedhrack Amplifiery
IR, l..K

[.+ s = ==

r k' R

|l-.| K, .', Iu'H:
+ = -

Li L 3 fl 1
BolyRe K.
[ReR, i [RORT

= Lo_ K, !
| R'+R_.

Iy by

. Thns s cument feedhack
A, 2 Corrent gain with feedback.

L= L
Lt I

T T .
. R“R,

A, = R:

A, t Volage gain with feedback.
N
f {with feadback}

H

V-l Ry,
v =1 R,
Yo o bRy ) =1
Y, LR, 5 = UF
I, R bl
e = r F-.,- L #
_1 R, L
PR R +Ry,
_ R+R, Ru
AL —"RI R
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We shall determing &, , K, @king numerical values, The acowal circyit, withour feedhack,
carisiler g T san be dmwn s shawn in Fig 7 28 To mepresent R o ihe inpoer gide. wifls outpat
tenninals open <irgwied (.00 isennnier Follower cowfiguration, oupu is eaken agross amitrer aned
groandy, When E,, i lell open {To rmake [ =00 R s omoseries with B, amd thus wtal resistange jg

between base H,. and grownd. Hence on the imput side. R 35 in series with Ftﬂ.
Tu find the ouiput resistance, 1he base of O 15 shorted o ground becowse cue erminal of

k' i connected 3 input shoried leoking the high oulpul terminals} B s at ground R ur Ft{:I are
i prarallel.

v The ciccuitis as shewn below, (Fig, 7.28)

é R, i’ % R,.

=

M)
=]
=
il

H| Rh H.':"
Pig. 728 Carrene shunt feedfack witfrou R

Beoamwge it is shurt feadbaek, we [inve shown this a5 8 cumrent sowree wlh L paralle|
with L,.
h

Proflem 7.8
Tofind A, . R . R,. a, forthecircoit shown in Fig. /.31
Hq =3 kIL R, = S0C); Hrz = 5ui7
R - R, = 1.2k by = Sk
h, =11 k2 h,=h,=Mm

Sarfuidon

I (i praflen, output is teken at ifre oollegtor 2 and nod simitier 2. 50 1he formulas derived earlier
can be wsed direcily,

PN RO
I'. II;-:‘I II.'| I':ll I'..
(Multiplying and dividin by I,E.z. Ic:: and Jhlj
-1,
7 = -—hy = = 500 (Emaner follower )

N
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L
13 - .
— - hj, =+ FTcommton enitter confluradion]

I,
o ¥ 1,
© O Thhe current Rets divided in lhc ratur af the resistaness, curreng gets divided deponding apon

14 I:md R, of vmansisier L),

r'ﬂ _ L

3 P 3 Si -hasT.
ko m by s 01h R R

{Far emitter follower conftguration thes is the input resislance).

(h0H5 = |20
=1.I+i5'J+1J| 23 (R_, =005 ki)
=303 kil

Let R =Ry inpardllel with (R’ + K, )
1.2=125
R Falt kil
b, _ R
- |,_,_ TR+ h,.
(hgl
f.4al+1.1 0.358 ¢
A= [— 507 {— 0.A5T} {50) {11354}
— — 406
R..
= R, =R
0
- Lo50 al IRICH
P EA - L {0040 (4081 =17 2
, A L
AT Topa T T TS
A = e LR, AR,
vy IR, R,
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Koo @5
MR, (Dnanjnz)
H, = lnput resistance without feedhack

| &, malan = ILt4]
R

= R un perallel with b

0.6101 .1
L E) = {1, ¥ K0
1.7
] 3o
! — E——— - — ._‘J
R = Topa 112 23002

B, = Lhput resistanse considaning K.
: : . 1
= R, in parallel with F‘.cl - an W I iy lange -IC =

[, — with fesdbask consadering B .

o [I+ﬂ'i|_:| .
= -- — = =K _ =300
T+ A Ry -1

When we represent Boon the input side and outpul side end caleulate the value of &, it s not
the current gam with feedback. Becausc. B is represented on 1he inpac side leaving E, termingl
vpen and on e vatpol side shorting B, oo ground (e make 1aod 1= O 5o thas Ay @il not be
the sume 1T B % actoally cennecied between C.oand B, W are takiog o acoownl Qe e Fect of
R and nat the fecdhack effest. In practice for shunt ur series Feedback. 1he sipnul ceneratar will
B0 45 o COFFRNE SoMFca oF voltage source. Tharefore it is capahle of supplving current or voltage
required Im theorny we assume ideal vollage and curmern sources. ThereTure Tor shunt fedback
we must have a cumrent sources imespective of inpul wollape. The carrent seorce will supply
suflicicnt current 10 drive the resistunce.

R, = (149 240 kL2 - 200 kT
B, s neeligible comnpired o 200 ki3,
I, 200}

e —
S L. D et
_ %IlI i, i
C‘:) AP A
= - ‘_]
. o Aot
Y + Mo
+ + ‘.". 'd"r "'I.
_ 2

* T

Fig. 7.2% Eguivalend circnit,
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H7
TI0Y  OvwmexT SRR FrEppack

INFUT RESISTANCE { R, }

YT - ¥

'HII = hrl t 1"“’[‘ )

. negative cerrent series leedback] {1 )
IR

l+hg

SR L +h R,

B =,

Frwr the (ran sestor

SR =h_+il+h R |

Ifwe consider the bias resiston also, B aru:l Ry will came in parallel wil R

R, 1R, Il R,
VOLTAGE GAIN {4, ]
AR
A= IF'. L [This isthe general expression for A, interms of A |
|
\ AR

& = —=
by H-,

[With fecdback. A will not change, B, weill nul vhange, bul B will be B
i I e
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"Jl"l - hl't
Lo e
HE T h, +Hlehg R,
Ay AL
O TPUT RESISTASUE(R ) )
. . [+ h,
R without feedback -
I ]

This will he ver large.
Taking g eflget, the Redback,
= R, IRy

=
|

i h _ h‘l:hlt
R "™  h,.+R,

AcTral Exrkessins For P THE FERpase® FACTOTR ;

With negative feedhack, g = R (1+[5 A ]

o hg Ry

-®-h, R.E L (1)
The expression we gol tor
Ky R+ (l+hk, L (2}
Comparing { | yand (21, we find that

[i= n I'.'f.-_] Er_
h R
This i the agtual expresgion far 4

I

I+ h,
hg

k.
B - 3

-1,

T3 Cepwbwn SFRIES FEEDEAL K {Trans Comiol o Tas E ANPLIFLER])

Cengider the gircuil shown in Fig. 730 autput is taken berween collecter fnd ground. The drop
wcross B s the feedback signad ¥, . The sampled signal s the load Cwrrent [ and not ¥, This iz
clrcent series focdback, Because ¥ e ig in series with Voo i is correnl seres Feedback,



Feedfack ArpfifTees

d19
LTV
'T [
i
Lo, i-"_ |
L] pa¥
- | _ ||l'
ORESE S
LY ¥ .
T
Fig. L& Cuwrrear sorios fredbick,
Vo= K
u = !-_' = I-u'
: Vo=1 R, .
' E, iz comstant.
Yoo L,
[E must be independem of B or K
ﬂ.: "‘:—I = _-Jﬁ.RE = - L
v, IR, R,

The basic ampldver ciccuit withuow L feedback e shown in Cig. .31 below,

) ";T

1 F l
" "Wl
Flg. 731 Cirowiy wirftost feedpork

The equivalent cicnn when the active device i replaced by feparameter cire s shawn
in E e 32,

Vo

<

. . \ . v
This has 1o be conmdered as Transeondoctance Amplifice, Singe, [1 15 taken as !

It depends, on RL, because o this circwat, f.'i\{ ig considered.
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.
B
l--'

Sy 7 .,: Iy = = Iy g [} (gt cLrrent paing
Since. VoSl IR D+ R)
:.'- _hl'r'll.-
T R, +h_ - R_)
R LS
R,+wh, +E,
h,, .k
= - L [ B |
1= 1+ il = 1+ FRTIT
LTRE [l+hmlﬁ_-;
E,+h,+F_
l:_-l E]-“ = _hlt
Mr I R.o+h_+il+h R,
- . MR, [.
Wollape gain """-r'_ ™ = x _GM{
Agp Gy Ry

-h, K, .
R, +h,+(1+h R,
{ I -H.r'e] Re == H“i - hm'
Since |y, is a large quantiny.
" Denomanator = [1+h, ] K .
h, == 1
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.. Dewnmninater = h, . E_.

— [

| _-.‘E:R'..-h R,
e
| he R, .

R =R +h - K, {&ithcur fexdback).
R, =R =R -h, +il+h iR,
T U4 YobiracE SHUSNT FRERSADE {TRAy S HESINTASNCE AMPLIFIER])

This 15 valtaps shuss feedhack heoause. the teedhack zucrent throupgh B s propertional bo
the wutput vallage or it = i shont with the input. 5o it s veltape shont F:EdEE.Ek. [We are not
unercsded whather voltage iz fed ar covrent is ted. Aol 1he feedhack sipnak s praportional th oolput
viltape. S0 i fv valrage ftedbock|

The wreuil can be wiitten as. shown o Fig, 733,

17
Ll
E, K, ':._
|
‘l—|_ | I >
ok T
L}
— |[_ J"'_. PP

3 E W,

§
%) [ Jr |

<

Fig. 731 Circwlt for volfage shwmt feedback,

H‘H- CL’
— | -
| — b T
c - JE
e E‘@)NFH § 1
I I v,
¥ .
v I_’ ' =¥ l
'\.!.Hllrj
[k N i

Fig. 734 Radrawn circait for valiape shunt feedbock.
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The low frequency Beparamerar gquevalant givzuit ks, shawn jn Fig, 733,

R

L

— WA

! '

[ i,

© 83t 3 @u_ 3

S —

e

[k ko

] nl

Fig. 735 h=parometer egqaivedend circu,

W = = Amplifieain iz ihere,
] *.
r— Rg
P
r= R,
Is
ey
-1
i=x
A - Yoo he R weithoul feedback lﬂl- ]
L b, K, |
R, = By Il Rp.

1I||I
&t T { with Feedback

L]
i

. R
;'-"l..r =..l’|.1_. R-s "R.I

k' = Input resislance with feedhach,
W,

Iﬁ' =
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Where R = R_| Ry .

For the citowat showe. B - Ak R =40k B = t0k h =11k b =50 h _=h =0

W, :
L=1~1.1 wneghgihble
1
1 -l or - —.
H | R-||
- ' 1 I.'l-|_-|
R, =h,, in parallel with e
L -t K -h, |, -K
Framsresistance Ryg= - = = T -r'l—b- .
a H] +
(R+h,}
Re— R IRy [ - "—R—"" s
hi R R
Mo R+h,) !
L B RR
BTkt b,
. R
R N P
MO+ R,
E E=xh_
T R4k,
HI
R FTT
. Ry, R +h,
R.= 5= = =
K, b,
Prabdlcm 7L¥
Find A . R
1"I.l':
H‘:
0
Lo l
= B
f '*be
j E
LU
RS grn En

———

Fe, .38 For Pradfem .5
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TR
e R R, - 22 s etka
R.r\- ¢||l| ;] -:1-rl1-l:l .
N aid
H. IEI:' =
R=R.;“Rp 13- an
-1..E_" =h .1, R '
'!'ransrcﬁislanceﬂ_“ = &t = —!'*1'—R‘— = r:I il .= hfe' lh
] + i
| _l'r-_];!‘-l_l-'"_}|. R __I'I"LIF_R;Q_R‘_
5 [ b ©OM {R+hl' Iy
Ry = - 14t |
= —_— = ; W
Iy . 0 125 may
T R L. -
L PR, 0 J20 ki
S P
e TNTTOUR,
L
= e— = Rl'.l
R n_
A R, - 10 = - 3T
_ Bvh, &=l
FORa+h, B+l = 0908 kit
C R, _ __‘}ﬁ_ﬂ .
K, | +AR, 50 = 3%
SUMMARY

An Ampliticr tireuil is mo provide yoltage gainar current gain or both in the

form ol power gain. Bt the odher degirable charactenistics of the amplifier
crrevite are high L. Low 7 Large B, b diziortion, o nouse and high
siahility. "ln achicve thege charzcteristios a part of guipot sipnal is Teedhack
and eonepled b fnpol. o oppose i phase with {1 %06t is negative feedback.
Thewgh gain reduses due e negative edback, it fs emploved in ampliticr
cirouits [o gel the other slvandages.
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-1

]

I,
1.
12,
13,

L )

* & + % & -+

*

Feedback favior P - VY | The product B is called serurned 1acio, 01 + [iA)
iz called retum difference I or desensitivity Factaf,

The different types uf leedback are (i) voblope seres (1) Cwrre il series
(i vo lagee shunt wnd O0v) cucrent shunt.

Wilh volape leedback (senes or shunt) oulpur resestanee B decreases,
With current leedback {series or shunt) B incmeases.

With series feedback (eurrent or voltage) K. incroases.

With shunt Feedback (cumment or voltoge] R decreases.

With negatme feedback, distorion. nose, pwn reduce by a factar (1 + (4.
Bandwidth, T, stability smprove by [0 = [,

IT the fecdhack sigral is propormionad e vollage. it s vohaee feedback [f the
Feedback spnal s perportional 1 cument, it 1s cerrent feedback. 1 the feedhack
signal ¥ is coming in series with inpul signal V| itis series feedback. IFV izin
parallel with % it is shunt fredback.

I Lthe feedback signal V15 out of phase with ¥, cpposing it is wegalive
feedback. If V iz in phase with ¥V adding to il or aiding ¥, it is positive
fewdbiack.

OERJECTIVE TYPE QUENTIONS

The dizadvantage of oegative feedbuck 15
The expression for seasitivity of an amplilier with negative feedback is

The expression tor Tresentivily ol nezative feedbaczl amphficr iz =

The relation berween bandwidth of an smplifier withoot feedback and wille negative
feedback iy

Relation between wpper culofl frequency [ with nepative feedhack and £ withoat

negaiee feedback is 7' =

Megarive feedback s also called as

For 1deal trinsconductanee amplificr R =

Fuor praciical wransresistance amplifier. it degirable thil R is and

R, i

Vollage sampEing @5 also ks as
Lharagteristivs of deal vellage amplidier are

Iesirable characterslics of practical curment amplifier are =

A in fecdback amplidier cireuits is called )
With volage feedback, {series or shunt), outpud resistance &, ol an amplificr
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14 With series feedback, (voltage or cumrent), mpul resistance B of an amplifier
15 Fxpecssion for reverse transmission factar or fecdhack factor |4 =
16, ldennify ihe nepe of feedback.

-I"'I:'l:"' 3 —".";1.
I
H
—'"-."\"'.-——ﬁ"«'r,
)
Y .
(i} {ii)
ES5AY TYPE {JUESTIONS
Explain the concept of leedback as applied to ¢l2ctronic amphifier circuits. What are the
adventagres and disadviniages of positive and negative feed back 7

2. With the help of a genered block schematie disgram explain the term fEaedback.

3. W hat tepe of teedback is used inclociranic amplifiers P hat are the advantapes of this
1ype nf feedback 7 Ponve each one muthematically.

q. Deline the terms Rewen Ratia, Ketum Dullecence fesdback fwlor, closed loop volage
writin and open loop veltupe gain. Why negative feedback is used inoclectromic amplifiers
eventhoogh closed lnop volage pam decreases with this 1epe af feedback ?

5. Sive 1he cquivalent circoits. and charactersstics of ideal and practicul amplifiers of (he
foll oo ing e {i} winltage amplifier, (igCorrentsmplifiers, (i} Transresisaoce
amiplilier, (i) Tramscendustanes ampi o,

f. Deeive dhe expressicen fur the input resistonce with feedback B qor R amd ounput

resistangs with eedhack RM [or lt; 1 i tha case nf

ia)  Wnltage series feedbuck amplefier.
(b Woltaps shunt lev-'back amplifier
() Corrent serics leedback amplifer.

() Cureent shunt fesdbasck amplifer
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1.

1

In which type of ampliler the pur inpedanse incredses and the oulpat o pedance
derecases will negalive impedasce 7 Proove the same drasing squivalen circit

TIraw the cireuil for Voldtagrs series amplifier and pushify the rpe of feedback. Dermve tie

expressicns fur A B B and B for the circmt.

Clraw the cieciin for Currern series amplifoer and justify the tvpe of fesdback. Derive

W eapressions for 4, . B R and R, erthe circuil.

Diraw the circwit frer Yl sgae shond amplificn and justify the vvpe of feedback Terive the

expressions for Al I R and R Jor 1l ¢inguit.

[hraw the circat fid Cureent shont amplifier amd justily the oepe of feedback. Derivethe

expressians for A\, B B, and [y, Tor the cincail,

MULTIFLE CHOICE QUESTIONS

. Lotp sampling is also knawn as

(A} Yolupe sampling ibl  Turrent samplinge
(o) Prwersampling () MNodesampiing
- I'ositive Teedback is ulsv koown as
(@} regeeeraive feedback {b}  degenerative leedback
v} lLuop feedhack ] rewm feedback

. Equation for feedback facter *B*is ...

th

1".r.ﬂ l'i'lﬂ. . ."!rr "I'Ir
LU T S fd}

[
Wilh negutive feedback, the Tinearity of operation of (he amplifier circuin
(uy  detecioratcs (b)Y amproses ¢ remian seme (d) noe of these

Exgresslon for disiontion [' with negative feedhack, with usual notation is D =

|J D
W T by BO-F2Y i T () D{pa}
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L.

- Expression for densitivity nf an amplifier circeit with segative feedback is,

ey CO=[1-fa) th nB= HLA ey D={l+fa) {&OH DO~ ,[]_+]|3T}
. Characteristivs of ideal voltupe amplifier are ..

@y B =m R =0 M R,=0R, =0

(¢) R,=0.R =uo @ E=e R =

The produet of feedback Factor *B° and amplificution BRolor A 15 ealled ..

ral  refum difference (b1 returm rofic

el seciesfadia (d)  shumi eatio

Nepative series feedback veltage or correot ... inpul resistamce
fal  decreases (b} noelfec (] «an'tLbe said (d) increases
With voltage leedback series or shuol, oulput ressitaoce Rﬂ .......

val  decreases (b} increases (C} femdins sarme fd)  non ol these



In this Chapier,

#  Basic principle of oscillator circuits is explained. Generation of sinuseidal
waveforms by the oscillator circuits without external A.C. input is explained.

#  Barkhausen criteria 1o be satisfied for generation of oscillations is given.

*  R-C phase shift oscillator circunt, Hartley oscillator, Colpitts oscillator, crystal

oscillator, Resonant oscillator circuits are given.
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8.1 OSCILLATORS

Dscillator is a source of AC voltage or corrent, We ged A.Coutput from the oscillator circuit. In
alternators (AC generators) the thermal energy is converted to electric energy ot S0Hz.

In the oseillator circuits that we are describing now, the electric energy in the form of DC s
converied inlo electric energy in the form of AC, “Invertors” in clectrical engineering convert DC
to AC, but there, only output power is the eriterian and not the nctual shape of the wave form.

An amplifier is diffcrent from oscillator in the sense that an amplifier requires some A.C.
inpu which will be amplified. But an oscillator doesn't need any external AC signal, This is shown
inFig. 8.1 below :

Input —— Amplifier ...sipm] Oiscillofor p AC
outpat bt
DL power D input
fa) Amplifier circuit (b)) Oseillator circuit
Fig. 8.1

Foran amplifier, the additional power due to amplification is derived trom the DC bias
supply. So an amplifier effectively converts DC to AC. But it needs AC input. Without AC
input, there is no AC output. In the oscillator circuits also DC power is converted to AC. But
there is no AL input signal. So the difference between amplifier and oscillator 15 in amplifiers
circuits, the DC power conversion to AC is controlled by the AC input signal. But in osciflators,
it isnot 50.

There are two types of oscillators circuits ;

I. Harmonic Oscillators

2. Relaxation Oscillators,

Harmomic Oscillators produce sine waves, Relaxation Oscillators produce sawtooth and
square waves ewc. Oscillator circuits employ both active and passive devices, Active devices
converl the DC power o0 AL, Passive components determine the frequency of oscillators.

8.1.1 PERFORMANCE MEASURES OF OSCILLATOR CIRCUITS :

1. Srabifiry : This is determined by the passive components. R,C and L determine frequency
of oscillations. IF R changes with T, fchanges so stability is affected. Capacitors should be
of high quantity with low leakage. So silver mica and ceramic capacitors are widely used.

2. Amplitude stabilify : To get large output voltage, amplification is to be done.

3. Outpur Power : Clazs A, B and C operations can be done. Class T gives largest nutput
power but harmonics are more.

Class A gives less output power but haormonics are low,

4. Harmonics : Undesirable frequency components are harmonics. An elementary sinusoidal
oscillator circuit is shown in Fig. 8.2,
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-
] al" A P
v L f:*-i T "':"
I A

Fig 8.2 LC Tunk cirenil,

L. and O are reactive clements. They can store @nery. The capacilor slores enéoey
whencver 1here is valtage acrass its plates Inductar slores engrgy in its magnelic field whenever
curen Towe s, Ranl O and | are Tossless, rileal devices, 5o quabiny facior is infimioy = . Engrey 15
mlrsdwced st e Sincuit by champima capac nar oY el [T swirch s opew. O canmo discharges
because there 15 no path for dscharee corrent Lo Elow,

Supposc at |~ e switch *537 15 closed. Then current flows. Yoltape acrass L owill be V.
Al the Voltape across U s Y valis. When switch iz closed, corrent flows. 3o the charge acrass
Capacitar [7 deercases. Vollage acrass U degreases, ag showe in the wavefoem. Sa qs the conergy
stored e Capacieor deereases, the energy stoded an indwceoe 1oingreases, Docause curenl s
o ing thicugh 1. Thws ral ¢oetgy i the girgot eening 1he same as before, When % across ©
Bezomes 0, eoment through the indeetor iz maxinorm, When the erengly in O O, energy inLis
i, Ther the cuerent i L starts chargimg, © m the epposile direclions. Soat1 - b comentan
L is maccimum and Nerl > t,. the cumrent skarts charging Cin the opposite direction %o W across
DBecomes ueganive 25 shown i the wavetrom. Thus we pog sinusoidal vscallabions from LC Sincuit.

Wy

T| Ay /\ \

S

Fig. 8.3 Faweform,

Thugwean: gerting sinnsbidal variarions withowt giving any an2 input What we have dane
is depasiting some ¢harge o T, 30 Than e circuit operates on is own. BUT why should we ge
5irmsnidal wave And not i iangnlar or square wave ? Sinusodal fincoion is the anly funcicn tha
sati=Nes the condwions povecning the exehonge of the @ mergy nithe cimoun.

But the above circoil s not a practical circul. Because we have e lake output from the
arrcuil: 1.e. enermy has Lo be extracied, from the circuit. As we draw enecey Brem the cirewt. the
energy stared in © and 1. decrcases. o output also decrcases o the viltage aceoss © and L
dhegrcases sg v get damped oseillation as shown below,

——a ——
‘u" o
— |

Fig. 8.4 Damped oscillarions,
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The energy ozt by 1he glements wmugl be veplemshed, so rhat esallations are obained
contirmos [y, 16 regaloes resstanee B s conosoted e the Circot, i1 replenishes, whatever energy
a1 15 [ost i Lhe cirowl. Cortain devices Like wannet diods, T e, exhibit -ve cesistance, The
energy supplicd by (e -ve resestanee te the circuil actoally comes from the DU bias supply.

;

| -
<

={
-

Fig. 8.5 Amplifizr response,

Asother method of prcdu s ing simnseidal os<illations g

Supposa we have an amplifier with gain A, and phase shify TR, Ay wE L

I we gonnect ¥, thrangh a Tecdbagk m,mmk o ¥, as :.hu:n'-n i Fig. 8.6 30 tha
atter fepdback, 1he ool b sigmd ¥, =V aod alse, the ﬁ.‘ﬂdhm.-k rerwark prosides | S0 pliase

shifi, atier Ieedback the fecedhack ‘-'-.PET!."I[ "|.- iy will be removed. Thus, without any input we gel
sinusfidal rtput.

V' r‘l':'l.-\-\-\-\"‘h » 'I,‘,'

L_,':-'-""F u
Wb —

Fig. &6 Feedback network.

Voig privvided frem the feedback sigmal of Y asell. To pet initially Yo, the noese
signal ol ransestor wfier switching wself 15 sufficient. Thus wethout coternal ACT input wg ged
sinusmdal vecillators,

Y

I':!'l\.- B —
Y,

L

A==
by 1.:
Vo=
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Tl phase shiti = 36050 B0+ 1800 Tlhuretare, 1 pet soslained wsei Larions .
[. The lowep aim most beunin 1.
2. Tomal Lovp phise shilt must be 0" o 300" (Aamplifer viecail produces 1EHY phase
sl wid Feediback werwork anather = 30Y,
3.2 SINUSOIDAL OSCILLATORS
Figwrs 8.7 shows anamgdifier. a Seedback netveanh and inpat imising vireuit mol w1 commected o

[ a civevd loop, The aneplifer provides anotnpue signak 3. o6 o censequgnee ol ihe sienal
M, apphied directly wo the amplifiec input werminad, Cogput of Teedback netweurk

1 X
n-—-—-—p-_-_._-_[ Base Amplifier I_""'__"—U

x'l=xr 2 .‘-{ﬁ=.-f';.‘-l:| 1.._.'.

iwng on invering &
neework Feedhach

X - PX, nstwerh [3

)

Fig. 8.7 Block refemuniic,
is X, = [1X_ = AAX and the nutpul of 1he mixing cinzai,
e N, - Xi— ARK

% - AbX,

- A,
Lowap gaan, X, X, B

M %, were to be ddentivally equel to X, input sipgnal, -[iA shoold ke - L, so the outpul
will be X, . even il the impul source s removed. 'The condition thut — BA = | means. e loop gan
must B 1.

N3 BARKHAUSEN UCRITERION
We make An agsanption (hat the ciowr opeeares anly ja thy limear regon, and the amplifier
leedhachk nerwark conrains reactive clemenns=. Fors sinusoidal wave fonn, if X, = X, the amplinige,

phase and frequency o X and X, be alentical. Tl frogecncy of o iindwaidal apcilfarer ic
dererarined by the condition al loep pers, Phase sAIT oy zerir af IRal frvgucacy,

Ferazcillatur virenirs positiy e feedback must be tere e, Y must be in pliase with W to el
added 1oV Whew acties device BIT or FLT grves | &t phase shill. the (eedback network ms
producs wnather 1857 phase shifl so thaw net phase shiftes UY ar 3607 and V15 i phase with ¥ 1o
make it positive teedbach.

Cricillations will not be sustained i, L the gscrllator Grequency the magnitude af the product
ol the rransfer gain of the amyifier and of [F aes lcss than wnicy.

The condmions —A[ = | 18 called Barkiragrar crifgrign

i A =1 and plase of = A3 - 0.
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& .
Bt A1.—m.|]|}.ﬂt-—l-than.ﬂl,—;m

which implizs thut, there exists an oupul yohaes even an 1he absence of an extermally
appied woltnge.

A - signal appeanng initially at the inpul terminels with, alter a trip around the loop and
back to the inpor termuinals, appear e, with an amplilude larger than 1V, This larger vaoltage
will them reappedr as 4 still larger voltage and =0 on 5o if ||3.ﬁ.| is larger than |, the amplimde of
osgillations will continue 1o increase without imil. Buvpracticelly , 1o linat the increase of amplicude
vEoscianions, nonlioearily ability of the circuil will be set i, Though a circmtas been designed

for [BA = 1. stwee circuit companents and transistor chao ge characterstics will age, W@ perature,
vollage cte. |ﬁ.-’;| wall hecome larger or smaller than 110 PA = | the asgillations will stop, WRA =
1, the amplitude practically will mcrease. So, 10 3chicve a sinesoidal osciallation practicatly ¥5a|>

140 5%, o tlsan with o idental variatkons 0 tcansistor cire il pardmelers, |[3--!L| shall ned Mall below
Lnigs

The rype of naise in vlectoenie cireuits and the cauwses are :

Ao Johmser meise or Thermad Nofse o Drue 10 Wemipsranore.

2. Schotrky aeise ar Skt geise © Oecause of vaciation is concentration i (he

Serniconductor Devues,

X.d R -  PHASE-SHIFT OSCILLATCGR (LSING JFET)
L'his is volege serics teedback. FE'I ampliticr is ollowed by three 2ascaded amrangements of a
cupacilor O, resistor K. The gutpot of the last KO combination 1s returmeed to the gate. "hs farms
the teedbach conngetton. The FET waplifier shifts the phase of voltage appearing al the gate by
1K09. Thhe RO netsweack slifis tha phase by addiemal amount. At some reyuency, the pliase-shift
introdueed by this netweork will be exactly LEDY. The wolal phasecshift al 1this frequency, Troo the
eane arownd the cirowt and back [o the gate s +180 - 180 - OF A 1his particular requency, the
circuil will vsedlate. (Fig. 8.8).

\'rl:ll:l

R

4 [ I:I
|

Figp 88 SFET R — C phaveskift oscilialor circuii
AL Lhat Trequency, ¥ = - W, 180 aut of phase.
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The equivalent circtit is, show below in Fig. 8.9,

¢S ‘f' Y et b—
t
v=y ¥-V {;::1 1,4 RSV, R R RS v, -y
| B.Y, |
— | I
] 5 5
EFig. &9 Eguivalenr circmit,
. . . . I|"'Ir . . l"'Ilf ’
The transfonnation of BC nel wark 15 '-T=_E" i E=T and Y, =-V,
= 1
v 1
BT e o '
1
Whers o=

wRC
: Ve . -
The phase-shifu of T LEDY, For - =B ok
{ must ke real. Therefore | (ha — o 1= 0.
1 1

EETr oy A B g
]
wie i
f = Trcee
N
when i Ll v arrrrr etk
ar [i= %.

Lo order that [BA] 15 not les than unity, A should be atleast |29 So select F E T whose o i
arleast 29,

3.4.1 TO FIND THE p OF THE RC FPHASE-SHIFT NETWORK [(JFET)
Emch RC metworh imnxduces a phuse-shil ol ¢ Thersfore, Iotal phase-shifi= | 20F. (SeeFig.B 100

Fig. 81U R O phase shift network,
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Yoo - R vl 11
|
I, k= _||:|.':1._ +1,.R k2
“' "'II:I
= =f—"+|. H 5
I,.K e + (%
I, #1, +1.}
" ' _iLu'I:_ +Ly {a}
{I?+II]
=—=——"+.R
Bur. I,.R ot +1;
I,
[E = jl:l_.'rl:'-'-il.R
L R=Yrg
L= M+.]I +¥p..
Bl ik

By substiluteng 1. F, and 3 10 (2 we get,

RS UL N

¥ o= + W, .
n ja ez jur "
E1] |
V= = b
I _ii.l.lLI th (k)
Tor elirmieie [I‘ L. and (N
"n",r?
W= )
; W
l,= ]I «f, = "iﬂ;'—., +—fh-—
2 juck imck<~ R
L O e ]
2 fh LH- -Ili.l.l'[:rt! .'I' .['ljl_:l
I = Er:l_1_.|]_}1 E
b FIEL
v 2 P 1 L
= | = —— [+ ¥y, ——
] JMER ( H. _il:l,ll::RI J I'|:'|l‘. R JMCRT o {t}

Substitute ¢, d. and ¢ equation in{F) and simplify

A +331|’L+ ) ]+ Vo (2,1
“ Rijuc)  jec iR jecR?) (oe’RIR O juRT)

-,

o [ |
-i-__“L_'fl— '.|-|'+1'|-rﬂ:|
Jucl B jmck”
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1.et, = —
At o R

1 “ -
==1 fa"+jn’ Ak
p

or B= :
[fA=1

B (s o complex aumber. Therefore syualing ineginacy pan to .
fa —at =

1
St i o'l

{1 =n_:|. arog = ,‘,".E_
|
Bt ® TR
| —
oCR P
|
Qor n=
+6CR
; 1
or = -
ImiR %

The 2aim A, commesponding 1o fhis Freguency will be 29
2% TRANSISTOR RC PHASE-SHIFT OSCILLATOR

For Iransistar circuil, vallage shont teedhack is employed, because the input impedance of teansistor
iesmall. [fvohage series feedback is employed, the resistance of fzed back norwork will be chunied
by the Iow "R of the trunsistor. (Fie. 8.17¢(a) snd Fig g 11ih)}.

W,

C - Collector £ o
- 'E: i

{b)
Fig. 8.1 Tromsistor phase chife nccifforor
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The value ol B, =R - R where B~ by, the mpat resilance of transistor. . Fhe three RO
sgtwons ol Lhe [.:'l"lzlEﬂ-ﬂ'ﬂﬁng m:luu-rk are I'L1'$I11.H.-|J:| B, . and B, are Diasing n:iusmr‘s

The feedback corret x, - |y Input corrent s, = 1 {Negative sign is hecause it is negalive
feedback)
—-X |
' Loop currenl gain. ~ TL-. r'—
i b

R
rR - -
™
hu (:1 h""l'i'}t' - "-F.f .i--"'::l H.

Fig. 812 R+ C Equivalent cireit,

]
Loop t:(Re+R-—o)l—RY=-helRe (L
. A -
Laop 1:-R[ + (R~ —-)1; -~ R, =10 D)
. I
Loop 3 : -Rly+ (IR - ==}1,=0 . 13
By taking "R’ a3 common, the medificd given by cquaticns are
R.. i R,
["l_?.iﬂ_m_m'J ll'l's:""'f.:'b?L ----- (d}
]
- -——— 1 -
i, + [ chJ ..... (5}
Al ]|-
it [ v e R (6}
Lot =5~ Kanda= - o= i '
Fi i a I T Lhe EI:|IJEIII.'!II'I.1- dre
(=K —jekl -1 =-h =00 (7]
—l 2= ja) -1 =0 LS

-l =L (9]
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45%
l+k-je - 0 [ [halsk
-1 T-ju =1 ,!!:= Q
i S 2-jer, Lo
k- -l -h X
i| ) |
=5l -1 -l 0 =E[—hE[hH]
| L -1 0
A=+ ¥ —ja] [(2-jer-1]-[-i2-j=)
=[l 1 h=ju] [d-u-ba - 11-2 +ja
- _jet o jbo - 4K - Sud —ofK 1 3K+ 0
Aot i;:].ui‘-|3|{+|+j[:x1’—{|5+4h’.}u]
N T _h"""-e‘_ ] - L]
=[5+ K]at + 3K 0+ [ —{6+4K00]

|
The Barkhausen canditiom thar e Taop gain ]—J phase <l rne st eqel reco. The plase
=
shift equals zere previded imaginary par is 2ero.

Henee af -6 14K
af =& F 4K
M= Jh Ak
.. L I
Sanct = nRC m = REJI& T AR
o The frequency of oseillaticn Fis gven by
1
f= RO JE 4K . HD
For mantaining (he oscillations ar the abeve feequency, 1 o1, > ]
!—3 = _hF:F; | - I
b| -5+ KN6+ 4K 1+ 3K +1|

|—hi Kl = 05+ Kog+ 4K~ 3K + |,
| bk ek - 21K - 39|
e, K= AK2 + 23R+ 28

29

by 4K+ 23 3 el 12}

Te determine the mninam value of by, the optimem value of K skould b determined by
differenniating by, wory K and equate it to zera,
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dh,
., & L
Ik dk (4K ¥ 23 ]
2%
0>=4d- 7
. &F
P rE o .15}
Substiote the optimaum K =7 7 e eq. (12}
I R I | ﬂ
b A LTI T3
¥ A4S A1)

The BT willea arnall-signal cosumon-« miner shartcirguil g iy, [essthan 44,5 ganpot be
Ui i this phiase shifl oscillator,

In & L phase shift escillater cocuit. @ach RO nevwork produces 6800 phase shift
Thus 3 seetrony procduce the requiced 1307 phase shift. If there are d-vections. each sections
must prodoce d3% phase shatt. Bal more anmber ar companents are to be used. [F ondy 2

rections are these, 9% phasc shift most he produced, which is not posmble for praciical
K- natwoyk.

L A GENEEAL FOEM OF LC QASCTLLATOR CIRCUIT
Mlany Cscillarer Circures Gadl in ol general form as chown in Fip 805 (i) and (h)

il

e

Fig 8.3 Generaf form of exciffator circit

The actve device can he FET, transistor ¢r operatonal amplificr, Fig 8 13ck) shows the
cqstivalent coecuin wsing, an amplilier with seestive pain A, and oulpwt resistamce B This is
Voltipe Series Feedback.

5.7 LOOT {falN
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- ¥ £

Y. &2,
The load impedance, £, = {Z, in serics with £, paralle] with 7, .
R, 15 the outpur resiztance [See Fig, 8.14}.

Fig, &4 Porential divider wetwork

Gain withoeut Teedback A — - AT
'E'L + ['t{-'

SAGEE. -2
R (2, +R. (2 +2.0° 7 Z.+7,-Z,
—J"'E:.-.E_'.[EL' E.-.,JE

DR A I
e A R

A= —- L 'E'—z” —— .
Rl & v 200 20,1 £}
If the impedances are pnre reaciances. them V=i, 7, = jx,; £ =)y
ALK X0
JRAR X+ X, XX+ X0
IF fAa=1, or forzecs phase-shfl. imaoiniry part must be z2ro.
JR O+ Xy F Hyl=1,
or Ro+X, X =1
) A.L.'-'-'.,_Jff._. A, X
—Ap= SKL[K X0 KX,
B X +X,+ X, =0 - X 41X, = X,

FL 4
AR T

-Af=

.. = AP must be pusilive. and a1 leasl onity ie maguitede. Than X, and X, must have ke
S SiEh.

S0 iF X, and X, are capaciiye, Ka should be indeclive and vice vé154.
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X, and X, are capacilors. the cirewl is called Cplpis Dceillator (Fig. 8 15fa))
X, anid X arc inductars, the cirewit is called Hardefy Oscilfaiors (Fig. 8 1500

————

fa) Crrlpitey osciliator ri) Hartefy axciflaror circuit
Fig. W.i%
A.7.1 For HagvgLs O50ILLATOR
Condition for oscillations, X, + X, + X, =0,

. . L
e here X =wlL, X,=mlL..X.=+
r | 1 | a 1 1 1 j‘l.l.lr_

Jurl | -l 4 =0 or wl, +al,=

jwC Wi

l 1 —
wHE L) - et
]
kS A

#1.7.2 For CoLritis OsCILLATOR

= _ j . _j -
X _mr.',' T oy 3= JwL.
X+ +h=k

i .
- ——ia- 4 n_l,l_:l|:|.|:,,|-
5 !
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il .{-.H’_,
Wl +wl, a4, | T
L = ——_I'-= — ar 4 —_— T
mil, wi, JL; AR )
_f— |
m 1.0y
. C
where Oy = l"_|*'-'+;

£.%  WIEN BRIDGE OSCILLATOR

In this circuir, a balanced Bradee 15 vsed as the leedback netwirk. The aclive ¢lement 15 an
uperational aroplilier. i emphsys lead-lag Mevaork. Frequency f, can be varied in the ratio of Lk
Y compered 1o 3 - L im other oscillator ciccuits,

External voltaye ".-"I__.' is spplicd betweeen 1 and 4, as shawn in Fig 816

L

Fig. 8.18 Wien dridge osoillator circuit,
To find loop gain, = FA, {-sign because phags-shift feedback)

C
1 E
Lead Netwark : ——we. —f }-——-—n.,ﬁ,.-w rrrrr Same | is passing theough © and R,
e ¥ ot S0 | lcads ¥

£
l.ag Metwork - » I 1' i lags with respecy o v

]

Ay

Fig. k.17
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Frequemey variation af [0 | & possible in Wein Brodge compared te 3 - | inother cectllatar

2ifLics
Voo A VoW V. Wk Y -V

Vo ALY
r: B T T
Lousopr racn v v, s rh
Woand V.owre aoillory voliaees ¥ -8, WL
LT TV
[3 - F S ALY
AT P |- £ K. )

- 1". ! [_EI 5 Ry R,

| St T
\

|.ag network

Fig, & 18
5.9 FXPFHRESSION F{]H_,n"
! 1
II:
e L
Ft'_lr' C L.
wlI
1
[ J
73 ro
\_LJ—\( R.‘
R E

Fig B.I9 Wien Brigge esciffator circall

i 1 |
|R_. I
[ = L e, TR
R | [E,
LT
_lH"R'ijﬁ'“”LRP

R
! P
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R R=

R. | RE 1
LA R T
R Ro) (el + Byl By juCR - w? CPRER, = R R juC
(R, Rar{jeme]) + Ry + By iR - e’ RIR; = Ry R
I-'.quai,ing imaEinary parts,
Ry, By mi + Ry wlK = R, Kol
F-quating r2at pams,
L B T
A=l Fti_+E!.|:ut? w? C*RYR,
I'.l]'l _.I._.. I
B LA Eewrors
F

-.R
Ry=—— - + julRR. + R,
R Jun
M, =R, o B, _|‘ Suthf:minimumg&inufthn
: Bi+Rz 3| amplifiermust be 3,
-R
—L e wCHE
11
I I
mﬂ._

[FH:}_-' : .f= Ech

This is the frequency at which e circu wscallates, Contiouous vanaLion of keguency is
accomplished by asing die capacitors C°.
8.10 THERMISTOR

Comuctivity of Geminiom and 5 increases with lemperuture. A semicoendustor wheo wsed mthis

way, laking advanee of Lhis property 15 called a Thrermister. Ba 0 M0, Mo, Oy 2ie. Thess are
used For femparature compensation i os illator circuils.

B AL  SENSBTOR

A heavily doped semiconducior can exhibit 2 positive temperature cogfficient of resistanes because
under beayy doping, semicondector acquires the properties of 4 metal. So R increases becawse
mability decrsases. Such & device 13 called Seasfsior, Theze are also waed for temperature
compensation like thermistors.

H.12 AMFLITUDE STARILIZATHN

The amplitude of oscillations can be stabilized by replacing R, with & senistor. 1 0s Nied, 5 A
increascs. amplitude of oscillations inereases. 11 a senistor is introduced, a5 it5 "R changes with
temperature, it changes [3, so that BA is always constant, {when A changes),
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. . | E.
B+ cquating the imepinany to parn we pet [ -———=—=—— where K - —
¥ AR Fitaly par R Re R AK ’

24
Foreard Coarrent Crain {1y, =dk + 33 + I

Pragtically Ri! phasg-shift oscillators gan be weed from several henix to sexeral hundred
kiloherzs, in the mega Rerlz range, luned LT cireits ame more advantageays. Frequency of
ostitlotors can be chaneed by changing B and C. Amplitude of oscillations will oot vary ifany C is
varied, because X vanes, but the imeginacy part will be zere. Phase-shil oscillator i epamted in
class A in order tni::p distortion minimem.

.1}  APPLICATIONG

Elevation levelling systema, Burglar detection: frequency of oscillatars change as a resuli of lacal
disturbance. The change in frequency causes turther clecimonis Action or alarm signat.

£.14  Ersovasy CIRenr Dy LaToRs

Imitial wansient due 1o switching will initiate elecinical signals. These are fsed bk 1o the transistor
as inpit, The inpor is amplified and obtained as nutpet. Ogcillations are sustained. Duaipo 33
conpled (o the base of transistor thiough 1. LI is & transfonmer R represents the resistance in
series with the winding in arder 10 account o the losses in the transtormer shown inFig. 820 1T

. 1 . - . .
'Plis very small Qeen = T the 2 a5 purely resistive, Then voltage drop aerass indugtar is
L]

| %0F sut of phase with the applivd inpul volaes w the FET. IF the direction of winding of the
secondary comeecled W the gate is sucl thal i introdoces ansther | 380 phase-shift, the tovl
phase-shill is ser.

"|"'1"‘r-:'r

BN A A
?
:

—a W
w

R EF:
G/,}—:I{! av, p=

r ‘uﬂ-.'l
=
1
> $— ERE
K
r

Fig. .27 Resomomt circwir nsciflafor,

T R

The ratto of the amplitude ot secondary 1o the primary vollage is ML where M is
the inductanst.
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Vollage gain A~ -p

A, ~-1
—ufir -l
_ L
"
L
h
p=1.M
if we consider resislance 'r* alen, p? = L,[I Ly
LC T
_ i
Bo ™ ML

5.15 CRYSTAL OSCILLATORS

¥'hen ceruin sulid materials ere deformed, they generate within them, an ctectoe charge. This
ffgei is reversible inthat, if'a charge is nppll-’:d the mﬂtcrml will meschanically detomy in response,
This is called Pleseefeciric effece.

Maturally avgilahic maferials @ | Quatr 2, Rochelle salt,

Syrptherle smeatevicds - 1, Lithiom sulphate 2. Anunoniom-di-hydrogen phasphate, PAT

{Lead Zirconate Tianate), BaTilk {Barion Titamare).

[Fthe ¢rystal iz properly moanied, deformations take place weithin the crystal, and an electm
mechanical sysiem is fremed which will vibrate when properly exeited. The resomant fregquency ami
) depend upon crystal dimansions ete. With these, frequencies From few KHz 0 MBz and ©) inthe
carige from 1900 (o F00,000 can be obtained. Since ) is high, and lor Ceartz, she characteristics are
cxtremeiy sluble, with respect to lime, temperature el very stable oscillators cun be desipmed. The
trequency stability will be + 0.0%. Itis samaag 1 10 parts per million (10 ppm).

The elecirical equivalent crccon of a coystal isasshown in Fig .21, L.C.R are analogons to
mass, spring canstant, and viscous damping factor of the mechanical system.

a i
L.
= R T
c
b —Ll_— b
Crysiaf Electrical Medel

Fig. §.21



418 Elecironic [evices and Clirculiy

Values Tor a W0 kMe crvstal are 10 237 B O 0023pk: K - 23k vorrespondiog e
L= 5 5HL e dimesgion of g erestal will be 300« 4 ¢ 1 5mm. s the cleclosialc capacitanae

between elcirmles sith e crvstal ws adwelecore © = 3.3 pland 5 lrger than C.

When the crymind <l aee cnn e peoper divgcniens, With wepgand o the oryaral axis, a
prtential diffzicaey ovisty between the faves of the ervstal slab when pressore is egnghd b bear
ATy And ifthe slabis placed ioan clearestatic ficld, the slab undengees deformatemn. (Fe 8220
If the ehectow Dield s an alternating one, with a trequencs which sets the slab into mechanical
resunAmdy, e shads s dl preescl iy b vigrous)s, Sveha s sial can e eenplosed oo maincin
anvssillaii cfereat Freguerssy stabities When e 1O cincailan the plate vereoit is tumed < loge oo
Lthe o1y slitd Tesamant frequency, steady escillinions will Be established. These are maimained by O
wihose oscillations vabue i small. Iy placing orvetal between the eate and seurce, of the FET
wnplifier, gnd leedinge Back o small A, voltaee lovw the sogpt. o keep crystal vibrating, the
cire sl becemes an veerllatir with previse stabiling. Accoraey - Q.001% °F range (000 w 20 MHe
By keeping srvstal iman even. accuracy can be improved v GO0 %,

]

c'J—_ o
R SR " o
Nral &3 141 M |
I 2y {102 uF

Fie. 323 Crperef osciffator civcall.
$.16 FREQUENCY STARILITY

[0 rs o measime af the abslity of the Circom (0 manmain exactly The same reqeensy Gor which it
desigied over a Jong ine iferval. Butactually in many circuits the F will oor reman Gxed but i
drafts frow the designed frequency continuowsly, Thiz s because of vanations of oumber of
PACAINCEE > CIFES I ComPonenls, leansisler paramelers. supply vollapes lemperature, stray
capagitances etc. In onder (e ncrease the slalality the Gactacs whirch effect the 7 lareely should
be faken care of IF °F depends only o B aerd C high precision R oand © should be employed.
ALz femperdll i compen sating olemenis are to be emploved.

Effest uf lom perataee an indugtors and capacitars dmoumts 4o more than | & parts per million
per degree chanpe
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Crvslal will have mass. elasticity and dampisa. Crvstal will bave veey high mass w

- -

£lastic raliv LE) andd e a high ratio of mass w dampiag rhigh Q) s value is of the wrder of

[0, (30 ne I EMI0,

Thc crystal is coupled witl exiemal C, and the 10 copcoit csei Rares Dithe oseillavor cireuils,
imstead o egternal Loand C, crystal is connected 1 e, cnestal Land © are being used., 5o " is fixed
by erestal sl CF 7 will not vare with temperature. To change *F * another crystal ia used.

§.17 FREDQUENCY OF OSCILLATIONS FOR PARALLYL RESONANCE CIRCUIT

(R - jmt}s -

L
Jrac E + julC
(R jo)e . H-u'LCYS uke
. [T

Yo - ——— = 5'“.“":'? Y. = jinC
T R+l R o+pfC °
R Y g
Tomladmimanee Y=Y +¥%, - - —_— - —— -k
e ket ! | B re”
AL rezgnance, imaginary par iz zerm N Ro—an.
: I. 1 = -
- - m*, a=wl or =R +w” T
R= 4+ L7 {.
I o N TE m?‘__.' _E
Lc Lt
- &

ar S YT

This i the expressicn for Mrequency of oscillations.

AmHimde of ngpillator will be very small v is Lessh for serics resonance cirguit. So paraliel
wned cireuits are employed.

8.18 1-MH: FET CRYSTAL OSCILLATOR CIRCIIT
Inthe hasic configuration of asgillator civeuit,

2L+ L

£ 15 erystal Z4 15 L and C combination.
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A L"ﬂﬂ- The Mrequency of oscillator essentially depends sp on crystal only as shown
in Frg R23 A, and A, values are insignificand enmpared to £, of the ervsial, Therzfiore the
slability 1= high.

Fiy. 8.27 Crpsead aseilfator cireuil,

When eiectrical input is preen, mechanicald vibrabons ome set in the ey <1al, due o pivzosiectic
eftect. Butthe crystal is being comsidergd ag an inducoor capacitor cambenation only. 5o it ects like

a £ R, Lo Ceombivanion. Freguencs of cscillatians depznd only en crpstal. Other Loand O are

arpseann focant. as e salues are less compared g Lo O and B ol the creseal,

SEMMARY

* Divillators renerae A8 output withou exiernal 8.0 input by using Moise A.C
sitnal penerated in switchiog, DG pnwer from ¥ or ¥ i converted 0 A.C.
[rower, Uhe range of freyuenes signaly gemergied by e ciroo 2an be high and
ONEUE P 15 =l

*» Faor apstianes] cocellaniows, 1he condatians kiown iy Barkhaosen egitenon tn e
sabiabied arc b [P - | (i) Toeal Tesapr phvaase shifo ensest be 0% o 364T [or phase
shitl of Feedback neraark moost e 18D when 1he amplifying device prodoces
another 1R0FY,

|
* In the cuse of JFET, K - L pl shitt accillat ="
n ihe cuse o R phasc shitt oscallatar circuit, £, TARC IR
|
» In the case BIT, - C phawe whult vscillater vircuit, £ - - ‘T where
1 the e phavt whilt uscillater vircuil. f RO 3 wher
k .
K.
- Fuor Tlanley oseidlator circuat which empluys two inductors. amd one capacitur i

L

the feedback netwark s, £ - |
L, - L ),
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10,

1L

[ ForCalpins uscillutor cicc ol wilh o capacilors wnd o inductor in the feedback
—_—
| 1 |, +C
melwork, - - e ——1
£m oy Ju Vo

* For Wein Bredge oscillator cireuil, the miniwngm zaan of amplifier must be 2 lkcan
prnduce variations n f_in 1he ratioef 10: 1 compared toa veriation of 32 | inother
Typess el 0sgillator circuils.

* Thermisturs with {WNTCR ) and senuistor with positive temperature cotlBoient of
resistaice iPFTCOR Y ane wsed Tor frequency s1alvility i oseillaws i uns,

L The speuifivation parameters of vscallator ceccuits are (] Ampliode stabilivg (o
Frequency sia hi]il}' Ciii) Fregoeney range [iv}IHstortion o gulpul wavefnem ele.

* Cryvstal as2illators produce highly stable outpar wiveton in the high frequeney
range of B Le also.

GBJECTIVE TYPE QQUESTIONS

The dilferene berween am aapliner cirenit and oscillater sircoitis .

A output signal 15 generated by the oacilator circwits without external A.C input, by
amplifange sienal.

Oscilfater circuits sinplos o _ Lype of feedback.

{dnc eondition for austaincd aseillations is tedal loop phase shift must be

deprees.

Ay per Berkauhsen criteria For sustained oscillatioms, | A| must be i .

The range of frequencics pver which B - O phasc shift oscillator circwit is wsed is

In the Mepga Hertzs frequency range, the tvpe of ozcillator circuwil vsed iy

The rawge of frequency ever which Wen Bridge azcillanr vsed 13

In the Feedback network if tweo indoctors and one capacitor elanents are uvsed, 1he

ascillator gincund 15

The oscillanar erecuit which emplevs 1wo capacitors and one wdwerer in the feodback
nelwork. is ___ oatillater circuil.

Martratly cig uring roaterials psed fon in crvsial nszillaior circuics, exhibibing piczeelectric
effect are |. - X ;
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12 Swnihernic maceinds whicl exhils pieroelecrrw ctfeot are,
| o
i _ d .

1. The ratia nf frequency variacion possible wikh Wein Bridpe Oscillutor circuit is
o s varmpared to the atio of o with others oscillator
wINCLls.

14 Thermnstors have wmpesaning coefficent and the materials used are

15 Twpical valugs of [, C, R amd 3 of & crystal used in oscillamr circuits ane
L = C = K= ___
=

E554Y TYPE QUESTIONS

| Caplain the hasiu pransiple of genertlinn wfascillatins in 1.0 ank cingots. What are
the vesnsbcle ratiom s oo b made an v case of practizal | C. Oscillator Clircuits ?

Dhedwee the Borkausen Crilericn for the geneation of sustaingd ogeillatems. How
e lwe o il latanong initiabed”

Na

1. 1w ghe girgnit and explain e princple of fperaiten of B0 phase-shift osallz2oor
cireuit, What is the Ireguency romee of generstion ol ascillations ? Derive the expressmon
For the Tregquency ol cseillations.

4. Dwerive the expressien For The reguency ol Hartely oscillanes,

5. Dwerive the exprossion ler the fregquency of Colpitn Craenllalors

£, Muzrive Lhe wspressaon e the freguensy of Wein Bridge Oscillatmes.

E Darive the expression Tur the Trequensey of Orvatal Oseadllars.

A Faplain hewy betivr fregquency stahiling i2 obgained inenystal oscillatnT 7

9. Dwiw ihe couivalem gircait for a crysiel and caplain how oscillaton: can be

gemerated inglestaniv wirsuils. uging ¢1yseals,
0. Why dhree idamtizal R-C sections are nsed in R-C phasc-shifl oscillutor cincuis?
Consider the ather possible cambinations amd limitations.

MY LTIFLFE. CHOMCE QUESTIONS

1. Johnson MNoise is doe .-

(al  Humiddity ity Almospheric conditions
(1 Temperattirs dr Interfecence

2. The nuise thit arises in electroniv circuits due (o vavidgtion i concentratinns of

carniers in semiconducier devices 13
fal  shotooize (b thermal notse  4c)  Johrsen notzed} Mome of 1hes:

J. Expressivn fur frequency of vscillstions For the R-C phase shift oscillator ¢tecoid

using JFET iy, f, =
I - - I - - il — .I__. - I —
LU Yy M Seweran ¥ mmicds Y Gnreds
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A

L0,

Tn the cave ol JFET R-C. phaze shi oscillaror circalr, 10 order that i 4| (5 nor less
(han enliy, g of JFET must be at lewsi

12% 1A (b1 o [ - {cd) Mone of thess
Oucillntor civeuit in which the reactances :::l.. i, HIT caparilive and a, is induttive
- ’

{a}  Colpils vscillator (hy  Hercly pseillatr

{g}  Crwstal nssillatar (dy  MNene of fhese

In weln bridge oseillater cirenils 1he range over which egoency of osei il lisns
van be varied is ..

@ 3| b1 10:1 3 {d}  Mone of thess
Example for paturally vocurring piveorleciric crystal materiaf is ..
{2} BaTio, (bl Rochellesals  fey  PET {d1 None of these

Typical values for ¥ Kllz crystal are

fa} L=I3THL =003 pFR=15Ke)=5400

b} L-LHC=00fR-100-10

€} L=l3THU=00 ufE= 10K Q=]

(d1 Mane of thesc

One chavacferigtic featurg of rrvsials is ..

gl They hive [ow midss 10 elastic ratia

(bl They have high mass o elastic matio

(1 They have low )

tdl Mone ol the above is correct

For Wein Brider vscilluior ciceuils, 1he minimem 28 n of am plifier must e
@y 1 (hy 3 wroon (dh Mo 1he fese
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|-

LT

l::i dditlonal OFfective Type (estions (Chapter 1-8) -j

I a RIT the armow ow the smaugre [ead specifies dhie dimgerion of
where the emittcr-base junsticn i hiagcd.

The amitter etficiency of 3 BIT is defined as the ratio of ¢urrent of injezred carrers at
umction toodotal ___ <urrent.

tvpe of npn junctron trenzistor is made by drawang a sinple crvstal
from & muel ol silice s hose i _eoneenalrative 15 Changed durg Ty
arysial drawing pperation by adding noor piype arms as equires.

[ an Trp of praporan sistor 1w zmall dots of indjum are abiached to
oppostie sides of a semiconductar

[ e actns regann of comnan Bage putpul characleriztics, the coliacior junction is
biazed and the emtier junclion 15 biased.

If brh emitter and collector panctions are (R} Tnrwerd hiased, the transistor os said o be
aperating the region (B reverse hipzed, cthe fransisior is said i he
operatng i the ~ repion.

The vperation of a TET depends upon the Naw ol o ____carreers only. It
i5 1herefore a _ device.

The waximum voltape thal can be applied beraeeo any Lwe lenninals of the FET s 1he
virltage that will cow:e Avalanche Breakdown across the

A MOSTET af the depletion v pe may Alse e nperated in an mada.
wome Limes the sambol for the IFET 15 ulso s used For the MUOSFE 1 wth the onduer-
sranding, that is internally connected w source.

The ematier diode of 2 UTT drives the junctine ol K, and K, and B, =K 1 B .. The
iniringic stand odf ratio s detfinzd as = ansd is value usually lics,

betwern
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Colour Codes for Electronic Components

RESISTOR COLOUR CODE :

MNumbsér of zeros
[except when First Three Bands Fourth Band
Second digit -, Hiverorgeld) , Tolerance Blak -0 Blue -6 Gold +3%
First digit « l / Brown —1  Viokt -7 Silver +10%
i Hed -2 ey —38 Mone + 2%
Orange -3 While -9
Yeliow 4 Siver 0/
Creen -5 (old @l

CAPACITOR COLOUR CODE :

Colour | Figure Significant | Tolerance (%)

Black

=
B

irst digit Brown
Second digit Capacitance in pF | Ked
MNumber of 2eros Orange
Toleriamce (%) Mol

de working
voliage (= 100V Green
Blos

Carey
Whine
Silver 30
Ciokd 0l
Mo Band

oL el DR L e b B —
o R~ R T L Y RS PO

= R
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INDUCTOR COLOUR CODE :
Codor Significant |Toleramce (")
Figure
Black i
Brown I
2
Cirange 3
: elhow 4
Diecomal poant ar st deglt — -
Imdluctance in M { Decimal paint or second digit "":,.r Green 5
Fumber of reros ——— i
Tislernce [ %%) Vet -
] &
White 4
Sihver 0
Deama pai &
Wi Band 1]

COLOUR CODE MEMORY AID : W, VIBGYOR BB (W, Vibgyor BH)

Memory aid Ciodor Mumber
Black Bilack i
Bruins Hrown I
Relish Red 2
Chrnery Dange L
Young el d
Greenhorms Gireen 5

Blue Bioe L]
Yinbets Winlet T
Lrowing Grey 8

Wikl W bl ¥
Smell Silver 0.0l 10ee
Good Candd 0.l 5%
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Fig. A-I.1 Relative size of carbon composition resistors with various power raiings

Specifications of Power Transistors

Device | Type [Fy(W) | (A} VgV | Vigol¥) | g MIN | M | £, MHES
INGOEE | NP 2 I} X0 300 o &0 x
IM3E2 | NN 117 10 1400 el a0 70 0.08°
BLIX 3% | NP 120 n o 120 ] 45 B
ECP 4% | PMP i 4 Al W k1] - | 25

Darlington Pair

IZNG0ST | PNP 5 | 2 100 | g | T - 4

NGO | NPN 150 | 12 100 | 100 | T - 4
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Resistor and Capacitor Values

Typleal Standard Resotor Values (- 10%% Tolerance)
g 2 £ kil (14 kil MLL ML
I L1 LR Ll [£1] I Igh
12 I |2 2 120 1.2
15 150 |3 i3 150 |3 13
Ik IR 1% 15 1K1 I & -
n ™ M X ELT] r2 n
21 1 am Az ¥ 2 7 -
i35 5 jn 31 n 350 13 -
% 5n i 14 ¥ ¥ 13
47 N 470 7 L 40 47
s o Ml ih X Sl A -
an o o (e VY i E2] 6.8
3 Bm 82 LN Kl




462 APFPENDICER
T pacnl 5ta ndard Resistor Yalwes (+ 19% Talcrance)

FF ¥ i wF HF wE HF uF WF pF

% K1 KLH KLLE 115 il 5 40 a1 i

- Al S0 RJLET - - - - - -
5h ik Ll 17150 115 56 b - Xl

- - e 111Kk - fa - - Sy
£2 EiM GER]] - - - - -

- ] 5 680 Lo 0 08 - -

- i 50 L - - - TE - -

- - - ot L] - - & & - -
1 B0 200 Qa2 G2 22 =
91 aln Jirl

1] 41] 1] nol ol I i L] (000 [0
(o [0 - - - - -

Ix 10 I’axl nniz nir 1.2 -

- 11l (11 ¢ - - -

1% 150 | 503 0riLs 013 |5 15 150 | S0

- |10 114K

2 1% ) THE 0.l# l# 1% 15 -

A 2 o o n2 2 a2 L] L]

o 240 o - - - - 240 -
24 25k u32s X 25 L

n R S T @2? 27 v I

k1] LT BT (ERL §r] 3 i i ] £l

i3 L] M ERLE LR L EE AN s

¥ Wik 1M - - - -

¥ L] 1K) 005 D] iq ) - -

- AN LR d a0

£ d M} 47N - - -

47 ETH 410 g0 047 4 47 - -
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Physical consiants

Charge of an electron
Mass mll an ¢ leerrea
/11 ratia of an elecrren
Flunk's canslant

Behzman’ constant

Auneadin s Lilmest

Ve lewite af light

Perimeabi'ing eof fre aoace

Permitivity ol free spacs

Imirinsic comeeniranion in silacan ac 100 7K
Irimsig peseatily inesilicom il 3ok R
Bosline of ebecitonmg: 17 <iligon

Huh-l'lﬂ_'.- it ales gre s

| Tmeray zap il in silicon o 30K K

Lrs

m

e

I
.

.63 < 10 ¥ conloambe

Qi 1 Tk

1750 < 10V Cle

828 = 107 M Joser

1581 = LD+ IK

Bala il tewvE

f0F2 T 40 v ey lesinud e

Ao 0 ey

1257 =10 " Him

8BRS <10 “Fim
-1 - 1" et
= 2EC I Yy cm
= 1200 emir VY sec
- 500 cm' Y - ser

=1 |ew
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Capacitors

Capacilonee

The taraed (F1 is the 57 andy af capaciionce,

Tl Jeogead (v the cuprgilamen o o copeaciTer et coniming g chaepe a8 U eosleemb whipn the
Jeaderttal e ed Aeivenk 8 Delmsicdy e Dol

Leakupt Currend

[espita che Fagt chean e diglectric 15 an aneulator srpall leakags currenrs low berwesen rhe plates of a
capacder Fhe ool levgl of Teakage cucren degerds on the imsulistion resistance of the Jielesrg,
Plastic flom capacilors. far example. mey have insulabon resistances nigher than 109 G330 MW At the
oihzr sxilreme. an electralvic capacitor may have a microamp for morcy of leakagpe Currenl, with
anle 1OY applicd 10 s teminals.

ola rizad linn

Electealy tic capacitorz pormally bave ane oeimniba! identificd s the mosn pesitive connegtien. Thus,
They gre sand 1 be polaneed. Thiz cesoally ks thiie gpelicaion iwesibuansns whese the polarey ofthe
applicd wolage v ill noo chanes, Tleiy iy Tumber discusicd for glecorolyiy capaciooes.

Capaciler Equivalent Circuit

An iedl cupaciter has a deleceric that has an nfinfte rsistance and plates 1hat have e resistance.
However, an ideal capacioor doas nat oxisl, a: all dielectric s have some leakame cureeni and all capaciion
platgs have soune registanee. The cowprerg e umvalenl chrouit for 3 capacingr [<huwn in Fig. &-31.1{a}
COn%Ias OF An el capicnor L n serigs wilh s nesislanee B, represenling U ressstance of 2 places,
and i parellel with & resistance #, represennng the leakige resiitance of the dielectric, Lzrally, the
plale resistance can be {nmpll:*lcl.j.r neplecled. and she equivalent circuil becomes thal shawn in
Fig. A-3.1[F). With capacitors 1hat have a very high lcakage resistanee {eoe., mica and plastic Glm
capazitarsh, the parallel resiston s freqeenty venicged w che gyuivalenr citeajn, sed the capacator s
then drealed as an ideal capacivor. This cennon mommally be cone far eleairolytic capacitors, for gxample,
which have reatively low leakape resistangss. The paraliel .':"c. cirzmit s,
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I_W_[ \_M_[.,_»L_u

{a] Complete equivatant circul b} Parallsl eguivalent cirewl (o} Series equivalen] gircudl
Fig. A. 31

A capacitor equivalent circult conslsts of the copaciiance C, the feakage resistance R, in
paralle! with C. and the plate resisiance Ry, in sevies with C and R,

Fig. A. 3.1 (b) can be shown to have an equivalent series RC circuit, s in Fig. A, 3.1(c). This
i5 treated in Section 20-6,

A varioble ofr capacitor iy made up of a ser of movahle plates and a sel of fived plaies
sepraraied by air

Because 3 capaciior's dielectric s largely responsible for determining its most important
characteristics. capacitors are usually identified by the tvpe of dielectric used,

Alr Capacitors

A t¥pical capacitor using air asa dieleciric is illustrated in Fig. A.3.2. The capacifance is vadable, as
is the case with virfually all air capacitors. There are two sets of metal plates, one set fixed and one
mowvable, The mowvable plates can be adjusted into or out of the spaces between the fixed plates by
means of the rotatable shaft. Thus, the area of the plates opposite each other is increased or decreased,
and the capacitance value 1Fahered,

Muovable

plates
Fived E

Fig. A.3.2 Avariable air capacitar is made up of a set of movable plates and a set of fixed
plates separated by air

Paper Capacitors

In s simplest form, a paper capacitor consists of a layer of paper between two layers of metal foil,
The metal foil and paper are rolled up, as illustrated in Fig. A.3.3 (a); external connections are brought
out from the foil layers, and the complete assembly s dipped in wax or plastic. A variation of this is
the metalized paper construction, in which the foil is replaced by thin films of metal deposited on the
surface of the paper. One end of the capacitor sometimes has a band around it [see Fig. A.3.3 {b)].
This does not mean that the device is polanized but simply identifies the terminal that connects 1o the
outside metal film, so that it can be grounded to avoid pickup of unwanted signals.
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Paper capacitors are available in values rnging from about 500 pF to 50pF, and in de working
voliages up to about 600 V. They are among the lower-cost capacitors for a given capacitance valug
but are physically larger than several other types having the same capacitance value.

Flastic Film Capacitors

The construction of plastic film capacitors is similar to that of paper capacitors, except that the paper
i5 replaced by o thin film that i= typically polvstyrens or Mylar. This type of diglectric gives insulation
resistances greater than 100 000 MO, Working voltages are as high as 600 %, with the capaciior
surviving 1500 V surges for a briel period. Capacitance tolerances of + 2.5% are typical, as are
temperature coefficients of 80 1o 150 ppm™C.

Plastic film capacitors are physically smaller but more expensive than paper capacitors. They
are typically available in values ranging from 5 pF 1o 0.47 pF.

[l
Faper JI,-"'-, Band ickentifies

ﬁ “\l‘ outer fiil ferminal
l
(a) Construction of a paper capacitor (b} Appearance of a paper capacior

Fig. A. 3.3 In a paper capacitor, two sheets of metal foil separated by a shest of paper ara
rolled up logether, External connections are made to the foil sheets,

Mica Capacitors

As illustrated in Fig. A, 3.4(a), mica capacitors consist of layers of mica allemated with layers of
metal foil. Conpections are made o the metal foil for capacitor leads, and the entire assembly is
dipped in plastic or encapsulated in 8 molded plastic jacket. Tvpical capacitance values range from
1pF 1o 0.11iF, and voltage ratings as high as 35 000 V are pasible, Precite capacitance values and
wide operating temperatures are obtainable with mica capacitors. In a variation of the process, silvered
mica capacitors use films of silver deposited on the mico layers instead of metal foil,

i
|
|
L]

Ceramic Capacitors

The construction of & typical ceramic capacitor is Hlustrated in Fig, A. 3.4(b), Films of metal are
deposited on each side of a thin ceramic disc, and copper wire terminals are connected to the metal.
The éntire units is then encapsulated in a protective coaling of plastic. Two different types of
ceramic are used, one of which has extremely high relative permitivity. This gives capacitors that are
much smaller than paper or mica capacitors having the same capacitance value, One disadvantage of
this particular ceramic dielectric is that its leakage resistance is not as high as with ather fypes.
Another type of ceramic gives [eakage resistances on the oeder of 7500 MW, Because of its lower
permitivity, this ceramic produces capacitors that are relatively large for a given value of capacitance.

The range of capacitance values availebie with ceramic capacitors is typically | pF o 0.1 pF,
with de working voltages up to 1000 ¥,
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o AR

{a} Construction of I'I;H:'a ﬁpnumr (b} Ceramic capacitor

. Metal film

w LCEFHMNG ik

Ebecirolyie
Tantalum

{c) Ceramic tnimmer {d} Construchien of tantalum capacitar
Fig. A.3.4 Mica capacitors consist of sheeats of mica interleaved with foil. & ceramic disc
silvered on each side makes a ceramic capacitor, in a ceramic trimmer, the plates area is

screwdriver adjustable, & tantalum capacitor has a relativaly large capacitance n 2
small volurme,

Fig. A. 3.4ic}) shows & variable ceramic capacitor known as a irlmsrer. By means of a
screwdriver, the area of plate on each side of a dieleciric can be adjusted to alver the capacitance
vilue. Typical ranges of adjostment available are 1.5 pF o 3 pF and 7 pF to 45 pF

Electrolytic Capacitors

The most important feature of electrolytic capaciters iz that they can have a very large capacitance in
o physically small container. For example, a capacitance of 3000 pF can be obtained in a cylindrical
package approximately 5 cm long by 2 cm in diameter. In this case the de working voltage is only
voltage is only 10V, Similarly, a 1 F capacitor is available in a 22 em by 7.5 cm cyvlinder, with a
working volage of only 3 V. Typical values for elecirolviic capacitors range from 1 pF through
100 000 pF.

The construction of an electrolytic capacitor is similar fo that of a paper capacitor
{Fig. A3.5(a)). Two sheets of aluminium foil scparated by a fine gauze sosked in electrolyte are
rolled up and encased in an aluminium cylinder for protection, When assembled, a direct veltage is
appliad 1w the capaciior 1erminals, and this causes a thin layer of aluminium oxide 1o form on the
surfece of the positive plate next o the elecuolyte (Fig, A3.5(b)). The aluminium oxide is the
dielectric. and the electrolyte and positive sheet of foil are the capacitor plates, The extremely thin
oxide dielectiric gives the very large value of capacitance.

It is very important that electroivtic capacitors be connected with the correct polarity. When
incorrectly connected, gas forms within the electrolvie and the capacitor may explode! Such an
explosion blowk the capacitor apart and spreads its contents around. This could have tragic
conscquences for the eves of an experimenter who happens to be closely examining the circuit when
the explosion occurs. The werminal designated as positive must be connected 1o the most positive of
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o e _ Foil {+ plate)
Electralyvie soaked \I-‘uit Tl
pae
ia) Rolled-up foil sheels and elecirolyie- (k] The disdecinc is a thin layer of
soaked gauie aluminkum oxide

Fig. A. 3.5 Anelecirolyte capacifor is construcied of rolied-up foil sheets separated by elecinbyte-
soaked gauze, the dielectric is a taver of aluminium oxide at the positive plate

the two points in the cireuit where the capacitor is 1o be installed. Fig. A, 3.6 illustrates some circuit
situations where the capacitor must be correctly connected. Moapalarized zlectralytic capacitors can
be obtained. They consist essentially of two capacitors in one package connected back to back, =0
one of the oxide films is always correctly binsed,

Electrelvtic capacitors are avallable with de working voltages greater than 400 Y, but in this
case capacitance values do not exceed 100 mF, In addition to their low working voltage snd polarized
operation. Another disadventage of electrolytic capacitors is their relatively high beakage current

— P 12N
I g HI “.
+5V
: % +5¥ +1¥
| s TR g
{8} Capacilor connecied between +5 V' and ground (b) Connecied between +7 vV and 45V
T+ Y

@ s

i 5V
C
l.-.,\ll;.nga: g

{c] Connectsd betwesen + 5.7 and a gmundad g voliege source

Fig. A.38 It is very important that polanzad capacitors ba correctly connectad. The capacitar
positive tarminal voltage must ba more positive than the voltage at the negative terminal.
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Tantalum Capacitors

This is anoiber tvpe of elecirolviic capaciton. Powdered tantzlum is sintered (or baked), trpically inte
a cylimdrical shape. The resulting solid s quite porous, so that when immersed in & container of
electrolyte. the electrolyvte is nbsorbed into the tomtalum, The tanalum then has a larpe surface area
in contact with the electrolvie (Fig. A. 3.5). When a de forsring wfiage i= applied. a thin oxide film
i= fonmed throughout the elecirolyie-tantaliom contact area. The result, again, i= 2 large capacitance
vihue in g small volume.

Capacitor Color Codes

Physically larpe capacitors usually have their capacitance value, wolerance and de working voliage
primted on the side of the case, Small capacitors (like small resistore) use a code of colored bands
{or sometimes colored dots) to indicate the component parameters.

Thers are several capacitor color codes in current use, Here 15 one of the most commuaen,

First digil

- Seeand digit Cwpacidance in pl
Mumber o Ber
Inlernnce | “a)

e working valtape (« 18RV |

Color Significant Figure Tolerance (%)
LIRS 4 0
Broswm |

Red
Orange
Yellow
Cineen
Bl
Yinler
Cirey
White
Shlver
Ciiodel
Mo hand

1M 2= Led

2 = B LA B L el o=

L =]

]

=
=
A= e -

=

14

]

A typical tanealum capacitor in a cvlindrical shape 2 cm by | om might kave a capacitance of
[} mF and a dc working voltage of 200V, Other types are available with a working voltage up 1o 630
¥, but with capacitance values on the oeder of 1.5 mF. Like aluminium-foil electmolylic capacitors,
fandaluim capacitors must be conmeched with the correct polarity size of the inducror, the masimum
currend can be anything from about 50 mA 1o | A, The core in such an inductor may be made
adjustable so that 1t can be screwed imto or partially oul of the coal. Thus, the coil anductance is
variable, Wote the grephic symbol for an inductor with an adjusiable core [Fig AL 3600},
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Inductors

Magnetic Flux and Flux Density

The weber® {Wh) iz the ST unit of magnedic flux,

The weber iy defimed as the mugneric flux which, linking a single-turn coll, produces an emf af’
I ¥when the flux ls redveed o 2er0 af @ corgtam Fale in | s

Thee resfa*®* [T) is the EI weit of rrageetic Tux demaliny

The tesla is the flux density in a magnetic field when | Wb of flux occurs in a plane of 1 m?;
thai is, the tesla con be described as | Whim,

Inductance

The &I wnir of inductance 15 the heary (H),

The imductance of a cirenit is | henry (1 B when an emf of 1| Vs induced by the curremt
changing at the rate of I A5

Molded Inductors

A small molded inductor is shown in Fig. A. 4. 2(c). Typical available values for this type range from
1.2 pH 1o 10 mH, maximum currents of about 70 mA. The values of molded inductors are identified
by a color code, similar io molded resistors. Fig. A. 4.20d) shows a tiny-film inducior usad in certain
types of electronic circuits, In this case the inductor is simply & thin metal film deposited in the form
of & spiral on ceramic base.

Laboratory Indoctors

Laboratory-type variable inductors can be constructed in decade box format, in which precision
inductors are switched into or out of o circoit by means of rotary switches. A hernatively, two cowpled
coils can be employved as a variable inductor, The coils may be connecied in senes or in parallel, and
the otal inductance is controlled by adjusting the position of one coil relative 1o the other.
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Color Code For Small Indectors
Dwcimal padnt ar fir —--af- ; ‘t
.
brlectance mpH ¢ Decimal point o sec -~ “"‘-.,_
Wumber of zemos ___’/

Toberance { %}

Color | Significant Figure | Tolerance (%)
Black i
Brown
Rid
Orange
Yedlow
ireen
Al
Wb
ey
White
Silver [
Cald decimal point 8
Mo band 20

S|
M- E@ ,J' Ferrite pot core

Bobbin

W 5o =i @ W dwm e g —

Fig. A. 4.1 Some low-current, high-freguency inductors are wound on bobbins contained in a fer-
rite pot core. The ferrite core increases the winding mductance and screens the inductor

Coil to protect adjacent components against flux leakape and o protect the coll from extemnal

magnetic fields, The coil is wound on a bobbin, so its number of tums is casily modified.

Three different types of low-current inductors are illustrated in Fig. A. 4.2, Fig. A 4.2{a)
shows & type that is available either a5 an air-cored inductor or with a ferromagnetic core. With an ar
core, the indectance values up to-about [0 mH can be obtained. Depending on the thickness of wire

used and the physical,
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>

PR et

{a) Incluctor with air core or (b) Circuit symbol for an Inductor with
ferromagnets corne an adjustable ferromagnetic core

— L

Matded inducto
(=) ed in T {di Thin-flm inductar

Fig. A. 4.2 Small inductors may be wound on an insulating tube with an adjustable ferrite core,
malded like small resistors, of deposited as a conducting film an an insulating material

IT the mutugl Inductance between two adjacent coils is not known, it can be determined by
measuring the total inductance of the coils in seres-aiding and series-opposing connections. Then,

LE-' I.|, + L 20 for seres=aiding
and L& = Lf + L:‘ - 20 for series-opposing
Subtracting, Lu - Lk = 40

e
Therefore, M= '"'A by

M=#JL L,

From these two equations, the coefficient of coupling of the two coils can be determined.

Stray Inductance

Inductance is (change in flux linkages) / (change in current), So every current-carrying conductor
has some self-inductance, and every pair of conductors has inductance. These stray indncrfance are
vavally unwanted, although they are sometimes wsed as components i a cireuil design, In de
applications, stray inductance is normally unimportant, but in radio frequency ac circuits it can be
considerable nuisance, Stray inductance is normally minimized by keeping connecting wires as short
as possible.
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Summary of Fornulae
Irdnced emi ¢ = AW
' fi¥]
frndiacedd emy v - AR
Ar
Biidiiad e -
petance AlIAL
A A
Inducrance e e
&
Flux ch Ay = AN i
ange THS :
A
Self - inductance L= b iy, NP —
Mutual indwciance M=t
Al A
AD N,
Indwced emf iy ——
N,
Mutwal indheciance M= at
ADN
Mutwa! indvciance M=k T
Mutwal indwcionce M=k L,L,
|
FEnergry stomed W= — .E.F
E""AI
Energy stored =
2pg

frdeectamees in series

Inductances in paraflel

Toviend imdurctamce fseries -afdingl
Tevlal inductance (serfes-opposingl

Mlutunl mnductance
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Miscellaneous

lonie Bonding

In some insulating materials, notably rubber and plastics, the bending process is also covalent, The
valence electrons in these bonds are very strongly attached 1o their atoms, 2o the possibility of
current flow is virtuaily zero. In other types of insulating materials, some atoms have parted with
puter-shell electrons, but these have been accepted into the orbit of other atoms. Thus. the afoms are
lomized, those which gave up elecirons have become poritive fony, and those which accepted the
clecirons become negative fons, This creates gn elecirostatic bonding force between the atoms,
termed lonic bonding.  lonlc bonding 5 found |6 such materials as glass and porcelain. Because
there are virfually no frée electrons, no current can flow, and the material (2 an insulaior

Insulaiors

Fig. A. 5.1 shows some typical armangements of conductors and insulators, Electric cable usaally
consists of conduciing copper wire surrounded by an insulating sheath of rubber or plastic. Sometimes
there is more than one conductor, and these are, of course, individually insulated,

Conducior =

Prinied copper :
Insulation -, conducior s
f F
/ | "
Profeciive . _ U

shearh . | ?? H"—’_" __,-—-

L
-

Fig. A, 5.1 Conductors employed for industrial and domestic purposas narmally have stranded
copper wires with rubber or plastic insulation, In elestronics equipment, flat cables of fine wires
and thin printed circuil conductars are widely used,

Conduoctors

The function of a conductor 15 fo conduct current form one point 10 another in an electric circuit, As
discussed, electric cables usually consist of copper conductors sheathed with rubber or plastic
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B I D
¥ -

poviEal

cable Conductor  Screen
[ETIR][ATSRTR TN TR
cnbic

Flnt
multicondacior
failaid

Fig. A. 5.2 Many different types of cables are usad with elecironics equipmant.

insulating material. Cables that have 1o carry large currents must have relatively thick conductors,
Where very small currents are involved, the conducior may be a thin strip of copper or gven an
aluminium film. Between these two extremes, a wide mnge of conductors exist for various applications.
Thres different types of cables used in electronics equipment are illustrated in Fig. A. 5.2 conductar
and a circuler plated conducting screen, as well as an outer insulating sheath, The other two ane
multicondector cables, one circular, and one flat

Because each conductor has a finile resistance, a cumrent passing through i causes a voltage
drop from one end of the conductor to the other {Fig. A. 5.3, When conductors are long and'or
carry large currenis, the conduector voltage drop may cause unsatisfactory performance of the equipment
supplied. Fower (I° R) Is also dissipated in every current-carrying conductor, and this is, ofcourse,
wisted power,

e £ 3|
R—

(@) Current flow Ihraugh 8 eonductor produces 8 voltage drop along the conducior

|':—£ —'i Caltle resistance
0 M =
RN

H-__

. I

Conducior resistance

o] Conductss resiglance causes voltege drop when 8 current fiows

Fig. A. 5.3 Conduclor resistance [R) is determined by applying the voltage drop and current
level to Onm's law. The resisiance per unil l@ngth (RA) is thven used 1o select a sultable

wire gatge.
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Forcelnin coniing

Cermmie nshe
Meral endd zap | =

identify resisianes

T Mickel resisance value
wire Carbon compositson Protective -
Connesing wires resislance elament  insulaning shegth
{ay Wire-wound resisior (by Carbon composition resisior
Ce=mmic hase Mdetal film

Prodective insulating caver

(e} Melal Thn resision

Fig. A. 54 Individual resstors are typicaly wire-wound or carbon compaosibion construction,
Wirewound resisiors are used where high power dissipation |5 required, Carbon composition
type is the least expensive. Metal film resstance values can be more accurate than carbon

compasitian fype.

The illustration in Fig. A, 3.5(a) shows a coil of closely wound insulated resistance wine
formed into partial circle. The coil has a low-resistance terminal at each end, and a third terminal is
connected to a movable contact with a shaft adjustment facility, The movable contact can be set to
any pointona conmecting track that extends over cne (unisutaled) edpe of the ceil. Using the adjustable
contact, the resistance from either end terminal o the center terminal may be adjusted from zero to
the maximum coil resistance,

Another type of variable resistor, known as a decade resistance box, is shown in
Fig. A, 5.5tc). This s a faboratery component that contains precise values of swilched serigs-
comnected resistors. As illustrated. the first switch (from the right) controls resistance values in
162 steps from 001 to 942 and the second switches values of 1002, 2063, 3000, and so on. The decade
box shewn can be =2t to within + 12 of any value from 0£} fo 99990). Other decade boxes are
available with different resisiance ranges.

Kesistor Tolerance

Standard { fixed-value) resistors normally range from 2700 io 22MEL The resistance tolerances on
thess standurd values are tvpically + 20%, + 10%, £ 5% or = 1%, A folermnce of = [0% on o 0002
resistor means that the actual resistance may be as high as 1008 + 0% (ie, 1106T) or as low as
10063 = 10% (Le. 2063, Obviously, the resistors with the smallest tolerance are the most accurate
and the most expensive,
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Mloving
Lo

End
lerminal

Shall [2ir
aljustmen

Mloving
contic

Lerinedil

Fned pErmarial

Eessinance wire

(a) Typical construction of & resislor wvanable resistor (and polentimeler)

a2l

- |

(b} Cirgul symibsals fora varahle resistor

(e} Decads resistance box

Fig. A. 5.5 Small vanable rasstors are used in electronic cincuit construction, Large decade
resistance boxes are employed in elecironics laboratories,
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More Resistors

14 pin duesl-in-line
packcnge

Hesisior Merworks

Resistor networks are available in infegrafed cirowity type dual-ind
i package, One construction method uses a drick fiter technigue
in which conducting solutions are deposited in the required form,

S I T -
Imernal

arrangensenl
SO

Photoconduetive Cell oty

This is simply a resistor construcied of photoconductive material [ 1llnr
(cadmium selenide or cadmium sulfide). When dark, the cell

resistance iz very high. When iluminated, the resistance decreases

in propertion to the level of ilumination,

Resistance Conac

wire BFirsting screw
Low Pawer Variable Reslstor
A small variable resistor suitable for mounting directly on a cireut

board, A threaded shaft, which is adjustable by a screwdriver, setg
the position of the moving contact on a resistance wire,

Slide
wire

5|i1i|i3 Wire iérminals
Coniact

High Power Resistor

High power résistors are ustally wire-wound on the surface of a
ceramic tube. Air flow through the tube helps to keep the resistor
from overheating.
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Two memary aids for detarmining the direction of the magnetic flux around a current=carmying
conductor are shown in Fig. A. 5.6, The right-hand-serew rule as illustrated in Fig. A. 5.6(2) shows
a wond sorew being turned clockwise and progressing into a piece of wood. The horizontal direction
of the screw is analogous 1o the direction of current in a conductor, and the circular mation of the
serew shows the direction of magnelic flux around the conductor. [n the righe-hand rule, lestrated
in Fig: A, 5.6(b) a right hand is closed around. a conductor with the thumb p.ointing in the
{eomventional) direction of current flow, The fingers polnt In the direction of the magnetic Hines of
force arpund the conductor

Becayse a current-carrying conductor has a magnenic field around it when two current-camying
conductors are brought close together there will be interaction between the fislds Fig. A, 5.7{a)
ahows the effect on the fizlds when two conductors carrying in opposite direction are adjacent. The
directions of the magnetic passes through the center of the coil. Therefore, the one-turn coil act like
a litthe magnet and has a magnetic ficld with an identifiable N pole and 5 pole. Instead of & single turn,
the coil may have many turns. as (lustreted in Fig. A 5.7(c). In this case the Mux gencrated by each
of the individual current-carmying tums tends to link up and pass out of cne end ol the coll and back
inta the ather end. Thiz type of coil, known as a solenoid, obviously has a magnetic field pattern very
gimiilar to that of a bar magnet.

-
T
[rircction af m

o Diveciiom of lines of fivce (sameas .
mtation Pirection ..-"'-J":.-f,."a-_':.-'-', Comducior

directian of rotation ol screw)

nf moding f":..c’;..-’ ;
el D555
] T T I T o i

{same as direstint of

5;{,% matien of seren

Thumb points in
eurrend directios

Conducior

Fioers porid in direction
of lines of force

(b} Rbght-hard s

Fig. A.5.6 The right-hand-screw rule and the right-hand rule can be used for detarmining the
direction of the magnetic linas of force around a curment-carmying conductor.
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The right-hand rule for determining the direction of flux from 3 solenaid is illusteated in
Fig. A. 5.7T(d). When the solenoid & gripped with the night hand so that the fingn:r:. ars pointing in the
direction of current fiow in the coils, the thumb points in the direction of the flux (i.e.. toward the N-
pale end of the solenoid),

Electromognetic Induction

[t has been demanstrated that a magnetic flux is penerated by an electric curment Mowing in aconducion.
The conwerse i alse possible: that 8. a magnesic flux can produce a current flow in a conductor.,

o o
Fi W . i -
|I | ] 'IlJi e T
L: o - =S 1 . e
ﬁWILJ 12 -eeq |-
1 LY | ------J fimmmm e N
il
i l-ll . A e
=T T
o bl et
i 4 -
Flux around . ey ey
comductor
{a) Al of the flux passes through the conter of (&} Side view of codl wwum and fux
the cail turn
el o L [hmb poins in ~
F fhuw directi
\ :J_,-' 1x, i reehing =— jlr,
N o .q ] _,.---"'_"5
L I )
< N\
A Fangers pamt in
L current direction
(e} A soianoid sets up a flux like a bar {4} Righl-hend rule lor solenoid flux
magna direction

Fig. A. 5.7 Incument-carmying coils, the magnetic lines of force around the conductors gll pess
through the center of the cail.
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Conzider Fig. AL 3.8{a], in which a hundled har mapnat is shown beinp broupht close 1o vl of wine,
Az the bar magnel appenac hes the coil, the Mus om the mie et Seasfes acrass the coll conducors
of Cils 1he conductars. This praduces a cucnent flow o the condaetors propurtional e the toal o
that cots e ol 1l coil cimeuit s clased beeoaresisien (as slown Doeken an ahe Dguset a curren
floves Wherhier o e 112 capcuit i€ clnsed. an alvcdmseotive freeee (il can be measired a0 the ooil
ebniagls This efloct 35 Knwn ag sleciiedtostinane  nduction,

I' ua Husrs

)ﬁ'fy—m\[ veer Lo |t
ST 1.-| v oq o
[

S ——-7-\{\,\% ..
o Direwtion [,
al mnlirm f% \

H“-\-\_

;
.
(EN

L

L'y

(@) emfindwcad in 3 cail by tha mation of 1ha fwe from the bar magnat

Xhech
—

i} e induced e @ cod by Whe molan of tha Fue from the solanoid whan the currerd is switched on or off

Flg. & 5.8 A alactomsative farca {emil] @ imducad i a cod atien tha oil s brashad by &
magneilis fiskd The magnelc field may be from a bar magnel ar fram a curreni-carnying cail.
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(@] Swmgle-turn cnil preabed inoa ragnetiz heo

e B _

. -
-.-"_-_‘-_"H.H
I--_." ___h_‘_ L. .,

- "n .

e __.".___.-p-., W Fupcs
= T e n . \'- L]
el TE

'\.\'% .
—-_|-___'.'r ra Wt "-—-._____“ - “'..__.
N r i —_ [
T : '\-.____’_“_"

A — P O -
LS B, g k: ; .
it

-

- — - l\\_._,_/} .l_h'____"' Y .l'l‘r___-*
LT S 101 - ;oL —
-
--_..-—-I__m_l .r R T, '_-"'r._-"'_.- - -
A _l'-._h'-.“ — s
- - = .y
sin et
q‘n..q_ -
—— -

(b] Shotwlng ihe iorce an each side of a alngke-hore peded e magnebe fisld

Fig. & 5.9 Aforce is exented on each sigde of 8 current-carnying eodl pivoted in 8 rmagnatie fiald.
This farce tends 0 cause the &il Lo ratate
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Fibre Optic Cahles :

' The poria of ikhe ehecuomagneic
speciaem have dilferent wavebenpths
and differend names

AVAVLY
f / \Jf \/

Badio waves Miem-waves [frp-red waves

Inside an optkcal
fihre cable

Light shimes fram
optica! fibres. moking
thesr tips glow,

Chter sheath
[P [ dirl.

Light and (hler Have

Eiaght rovs o swenees are o type-of energy enlled clocimmagnenc
ewrpy.  They shine oul. or rediaic. from thew source. 3o they
e alled ectramopnetie emdiabien Laghl s e just @ tiny
parl of & huge ronge of rave and waves called  Ehe
P IPMAERET IS EpgrliE {EMS)

VR

Lira-wilar Kerays Ciamimi riys
WANES

Light wives

Twiwed @l ceviic
& ves ihr imhlz
¥ i

siremgih

i Tiliies die celim-ooded, 56
ther iheric cam he carvegily enenecing

in pher mackings
= T

Galass cladding,

dump o7 donsape

Cilazacladding

o

2 Enlarged view of an opscal (ke

Bt gt

Laser ligh
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Circuit Symbols

19009

de voltage source Multiczil ac voliage Lanp
or single-cell bartery soMrCe source
battary

Yolimeter Wattmeter iChassis Ground

| l

T T e

Conductor connection L'nconnected crosaing Fuieg
o junciion conductors
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I
| | b -=-
I r—
—/ .
‘]v T b T >
: . | .
e vollings: suure To-wan Lksnble-paly Resicior Yariakle TPotentioterer
ar sarg feegef| ewilch switch FESistor
battery
| 2 1 ol
| :F H o |
Capacitaor Yariahle Air-cored lhon-eored Vamahle
Capacin i [ea induwetor meliar
. I
L- tl | . I - b
- - m, e r_-' c -
AR I il - &
T TIE §
I | [ i [ v _.1_
Capaciloe Indghor Aarecdmpl Iran-cared Variatle
inducige inchuciar inductor
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Unit Conversion Factors

e tollowing Factors may be osed For conversion bt een nom-51 units and S1unis.

Ton Convert

Area Limilks
ACIES

acres

corcular rd]s
sajumare feer
EquAre i Tes
square ibes
squalg atiles
gqu.are vards

Tao

sOuire meters fim° )
huecteres Chik

WA ITITETS “'l::j
ST T
sOUEE genlisn B (L
hectares i,

suidie hilemaeners (k)
siieAre e (1)

Elecirke and Magaelic Unils

AT PErese i [
gallaes
gilberts
liwesiag. inch
Manwells
v
Qersteds

Energy and YWork Linils

Hii
Htu
Cryk
CFYE
Forg-provuneds
TowstapwLingds

AMp rER eter (A0
LesTas (T

wrnpgre {lurnsy (A
leslas (T

webers {Wh
Siemens [5)

EMpercs meier

Joules{l]

kiloweat -honirs ik Wh
Juthea 1]

kilomyad o s f Wk
Fuslesy ]l

kilcpram neesters (kiern

Fuliiply By

g7

0,407
SORT I W
01,90
G432

J50

259

0.K35]

19,17

144

Q. 7948
.55 =107
1

|

MSTE

1713514

Q18 x 1
I
(L1781
[.3%6

1.1 153
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Force Lanlis
dynes

dynes
peounids
poundils
PRI L

Mumination [lnpicy
Towt-candles

Ta Convert

Linear Units
ANEEINIME
et

Fathsar
inehes
MG

mles {hpntical)
miles [statle )
ik

yerds

Power Units
horse poracer

Treasure Uniliy
Atmospheres

amospheres
bars

biars
peundssg. fom
poundasy. imch

Temperature Units
degrees Fahrenheit [°F)
degrees Fahrenhet [F)

grams [g)

nEwlomy ()
mewtons [N
newtons (WY
newions (M)

lurgnsiem-

Ta

Meters (m)
mcters {m)
Frigters {mi )
cenlimeters (cm)
meters (m
kilateters [k}
kilometars (km)
cetlineters (e
meters (mi

watts W'}

kileramsdsg. meter { kpfm®)
kilopascals (kTha)
kilopascals (kEa}
ki lograrmsdsg.rmener (kg'm™
kilopramsésg.meter (kg'm-)
Kilograrmsdsg meter (kg'm*

deprees colsius (M)
degrees kelvin (K}

|02 = 107
1=

4,448
f.1383
0807« 14 ¢

10 7

Multiply By

l » Iﬂ-'llil
0308
l.228%
.54

1+

1851
1A
254 = 1]
LIRFREE

45T

iz
108325
100

1.02 = |0
4882

LS

PF - 3INL M

TFRSH{F o)A
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Vedocity Unils
mifesshour [mph) hilrrete 13T (l me'h)) | .650%
RasRs kaloste rsAlvon Edhonln) | B53
Volume 1'n|ts
busdhels cubic meters (M) 0403524
cubic feal cubic meters fm") 02832
cubric inches cuhic centimealens (em ') 16387
cubic inches liters (1) 0411439
cubig vars cubi¢ meters (n) {1.70d40
gabions (E).5.) cubic melers (m™) 3 TRSY & 075
gl lons {imperial) cubic meters tm') 4546 = [§-F
gallonz (L1L.5 ) fiters{1] 1,783
gallans (imperial} liters (1] 1,546
uills liters (1] 11183
prts LS breersy |1 .473%
puiesdirtpetial) fitersd 1] 0.568]
Copper Wire ! Copper Wire
Restsianee | Reslgtance

Gaupe Diameter (nipm} {L2%m) Eriam gter gmil) (L km)

B 02T [3an 3 d]5

3T (111 1715 4.5 33

38 0.1al 247 4 635

i L] KL 33 532

40 {14R0) _____]423 |______l'_|_ IﬂﬂH_ﬂ_
T Convert T Muliiplr By
quarnis (1.5} litersd 1] 0.9453
quarts L immperial) hiersgl) 1137
Welght Lnits
TURCES Brams (7] 28.35
potinds kiloseramms (kg 45354
fons (Joeng) kulzerams (kg) [01&
Ions [shrt) kilograms (kg) Y18

The sicmens* is Lhe it nf condpcianee

conductance =

1
BEGeE fan of
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American Wire Gauge Sizes and

Metric Equivalents

Crangs Driantefer | Huml Copper wire Copper wive
Resistanee ({'kmat | Diameter (mill) | Resintance {£0 1000 1i)

CICI0w) [.&8 Mk 1501 40 45

1 [ 1}a1) 0203 3094 .06
0o 0. 266 0.25% 1648 0078
1 %232 k316 1244 {14098
I 1348 (+.didia 2593 0.0z
2 AE Al g 0154
1 5R27 (k545 2494 aur
4 5189 rXIl3 4.3 .24k
3 4420 | .26 1219 1.311
fi d.113 1.2% 6 .39
7 A5 1.61 1a4.1 11490
B 1.344 2.0 12E.% N.A2%E
9 Rt 1)) 238 14,4 n7e:
[ 5384 327 1.9 {0,993
In 2.30 |G S .26
12 205 3.20 BiH .54
13 1.:1 nad T2 2
[4 1.A1 a.2e af | ~52
|5 1da 10.4 3 AN E
L] 1.2% 13.1 Bl LI 4.2
Ly 1.1% 1a.4 433 506
IR 1.02 210 40b 5 G6.39
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Chapter - 1

Answers to Objective Type Questions

10.

11

12
13,
14,
15,
16,
7.
18,
_o_omy 19,
Be 20
L — 21
E- 2y, OO 71
— 23
g L
= A s
S \(Em NE'A “
Ciraticules a2
Acquadag Coating

Nickel Cylinder with a coating of
Barium and Strontium.

Sawitooth Wave form,

The deflection produced when the
deflecting voltage is | V.

The deflection produced when the
nl:lcﬂminamaptlic Field intensity
i5 1 whi/m™.

Electron voh

WNT

Parabuolic path

3000

BIL

Circular

Electrostatic

Electrostatic

Lissajous
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Answers to Ohjective Type Questions
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Elecironic Devices and Circuits

A

Acceptor impurities

Active region 257, 268, 269, 272, 137, 370, 371
Alloy junction 197

Amplification 189, 257, 276, 281, 114, 322, 330
Amplifier 268

Amplifiers 359, 366, 377

Atom 40, 41, 42

Avalanche 63

Band structure 44

Barrier potential 56, 57

Base spread resistance 375, 378
Basewidth 187

Bias 270, 273

BIT: 386

C

Capacitance 366, 409

Capacitor 4, 10, 270, 280

Cascade 410, 411

Cathode ray tube 26, 27, 32, 34, 37

CMOS 234

Cominon base amplifiers 377

Comman base configuration 321

Common collector 366

Common collector configeration 321, 322, 335
Conmmon emitter 410, 4135

Conduction band 62, Bl

Conductivity 61, 5, &4

Conversion efficiency 329, 376

Crystal oscillator 429, 448, 430, 451, 452, 453
Crystal oscillators 447, 449, 451, 452

Current amplification 342

Curment gain
B2, 1B9, 196, 268, 416, 420,424
Cut off region 371

D

Diffusion 87, 8K, 271

Diffusion current &2

Dinde 27, 62, 272, 83, 284, 309
Diistortion 382, 389, 390, 404
Dirift current 84, 87, 89, 258

E

Effeciive mass 39, 42,43, 76, 83
Electron emission 28, 54, 56
Electron valis 7

Encrgy band 40, 62

F

Feedback amplifier 276, 406
Feedback amplifiers 381, 382
Fermi dirme finction 75

Fermi energy level 99

Fermi level 34, 56

FET &3, 363, 366, 364, 309, 406
Field Effect Transistor (FET) 213
Filters 143, 152, 153, 169, [B3
Frequency 143, 153

G
40, 54. 62, 64, 445
H

Hartley cecillator 429

l-parameter 406
h-parameters 116, 318, 319, 323, 313, 3235
hybrid parameters 314, 318

Input characteristics 194, 195, 200, 320, 322
Input impedance 214,

Input resistance 257, 408, 417

lonization potential 47

Crerrmaninm



Midex

JFEY 257, 254, 2635
Junction deode
A0 119 LA T25, 151, 132, 195, 234,

LELk 243
Load Fpe 26902700 275 298, 20 311
Low lreyuency eyuivalent ciscuil 265
M
Wanrity carriers
A7, 1%L 213,204, 219, 5, 228, 240
Mass aclion law M
Wean feew palli 63
el 98, 133, 183
Migren AT
mfinerity carrier 68
Mubiliy 64, 179,210, 216, 125,
S5 201, 283 2859, 443
MACFs 21523
MOSFET 257, 23%

N
Megalive Tecislance

122, 126, 530, 251, 253, 251, 2460, 432
MRS 234
Murise B3, 122, 115 250 262 383 3872302
nerype G687
n-tvpe impurilics 1990

0

Ciscillarpes 430

Parameter 419, 4200
Pesk detoeiar 16H7

Feak [nwazse YWnltage (PMV) [ 31
Phata deocle 256

Flank's constang 42

Paisson’s eguatton. 217

Power amplificition 114

Puwer pain
28,329 334, 3410 343, BT 3T, 424

p-tvpe Gh. GE
pelspE parity 19

Q

Cruality Facior 43:

Chagsran poing
247, 26E, Tt 281, 2ET. 24T 311, 320

R

Radiotion 41
Radwuian cuergy a1
Belavanun osellanare 4.350)
Eesiztivity
B1,62, 67 71, 7305, 15 209, 222 128
Eesonam cirgnil gscillators 446

5

Saturation region 193, 195, 197, 235, 227,
e, 257, 272337, 070

Schaniky digde 132

Scholltky elfect 56

Sellbus 2410 20, 293, 301, 302 370

semicomluctors 40, 6268 &9, &4, B, 177

Sensisior 285, 283, M

Siligoo ag, 54, 62,71 85

Silicon diode 12910}, 131, 133, 135

binusgidal ascillators 432, 433

Suahiletw factor 2749, 2407
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Elecirvonic EBewvlees pnd Checalis

T

Ternperature 54, 56, T8

Thetmal £6, W), B4 RE

Thermal ener, &4

Therma: resislange 254, 257294, 312
Thermai runavay 28H 287
Themmsiur 285, 86, 445

Theeshnld wnhage 2531, 164

Tramscoradur linge
2y g, FE2. N4 3BS. 59

Transisior {BIT1 144, 310
Tummee| dicide

0,82 120, 123, 123, 124, 130, 130

v

Yalunce T4

Valsnce band 62
Varactur dinde &2
Wollage wmplification 314

Woltage gain 208, 200, 303, 3112, 410, 424, 426

W

Waveleneth 45, 4T 49, 43, 449, 50, 57
Work Nection 54

Z

Loner dacde 32,620 130, 120, 154
Sy beeakdsawn THE 119, |20
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