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PN Juathtd Divde

~ A PN Junchpn diode stk of a PN juncton fpamed ertneat (N
(he on S Creyilald bj J‘o‘“rﬂ‘a 6N N-kype & P"‘"‘J?Q medertial .

- The dode hos two terminals namel-  anede £ catned? . fngde

refers |y the P-type 90N & Cathoce nefens fo e n-tjpe negivn .
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ed when fne p-type & n-4Pe
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The bicws refeas to the appiicaton of a extennal Woltage
acapss twe two Heaminals ot ha device o “@xinact a mA3poMe .
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majonity change
n-side gek

- With no voltage applred acness twe olivde ,

Canmiens ¢ ¢ lholes gGom p-side K electnons Priors
junct®N - Thege Charge Canaiens

(obmed With gach ofhm at Hd
ot that oleplete acapsl et

on Combm.-r\a jeneno-k fmmo Bl

Jundion .

™ net flow of change N pne direcdton &S Ze0

- The cinagnt wndea. Nd- brak CondTHDNS (5 2o »

R everese - iag Condition

I»enfrat Uf— vV vellke app]red O.Cr‘!.OCS 4l
oS connecied to

TS o Anectech

- 14 an xteanal pe
P-( junetton guch Hat ThE pos.'th Aereeni Nat
fwe nN-tyee matoiol X e negaiwe Yoami Nalt

bo the p-type  Mmakodal .

e ¢ IO

The numben of uncoveeed PoOsihve ond N Tkt depleton region of

-

e .n'hdpe matenial will increase due 49 fwe tarnge numben of
fore electnons daawn 4o tne potikve  pokeatial of the applied
voltage
“ Tue number ¢f uncovered negative (ong will " NGeale N e
P-lype material . Theeefoae, by result in widening  of fhe
depletmn negion

- This widening of te depletivn regon will efdablth q bancier
for e majoeity caraiens 4o o\/encom.a.,emdwelv ruzd.uc.'na
e Majoadhy cacnien Lo O zowo.

= TR minonity coraien flow B4 conkinue .

®




1 A0 S
* | we CARNLNY pat XTI wnden avense-bmad condittonsg I
Cal 4 &
ted  reevencge Gakunaton cunnent & ¢S pepralented By ¢
5 T of e paden of wa

Fonwand-Rrag ondition

sy ive
A forwand bias (@AditTen S estabiShed by opplying ke PO
: - L
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The application of a forwand biay potential V, will preeggsune
Uetinons en ta N-type modenral § holes N twe P-tape material

o newmbing with ta 00§ nean. the boundany & reduce e
width of twe depletinn regon -

T The reduwlhvn g pu width 6F tue cheplefron neg

(N a heavy Majonity -fow acaog twe Juntiron

0n hay resulied

- As applied breg iNCneateS e oeplefron 290N wil|
10 decrease . rroswliing

confinue
in an ExXponenitally  age (n curneny .
ShocKleyls Equation
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VI charatknishics of pp Junction Digde

1 B o 9aph between e wvoltage applied 6noss WL poemiale of
O device & jo cunment ot Flows Fhaough' o

/!F]

ForuﬂO"Ld

Vap-

fovartse

V=T enarackasstics can be owvided into @ paats nomely foawand

ChanackenisHeS & rovenfe cnaracteuishes -

fonwaed Chacacteniticg

-In e foawand negon thae S ng cliede Current Hon emallen volfege

(-2 fou Ge 4 G below 03y & o3Fv foa BliCon - Thi valul

¢ wually nefened fo @y e cuk i voltege ow break point(offe)
oa thaeShold oL Knee Voltage Vy -

knee Voltage (Vy): Tt is defined a3 the minimum foawand Voltage
noauined ocnoss the aA®de @ thad a cumnend will £low (Nio diode.

Revence chanattealics

~The nevense biog negion of gpenadlon ¢ ertued when {twe diode
voltage v 3 made négative -

T Wwhen e applied nevendd veltage & helow 4ue breakdown Ve ,
twe dicde currrent (€ Small

& nemading condtand - Twit volue of
Cunaent S called meverie Salueation curaend [, . ©4 3 of

W peden of nA P Si & MA Lo Ge.

Greakolown Veltage ! when te revense Voltoge @ increated o a
Su}(rcamuj lange value e Jdiode MUVERCE (Cuaend (NCacee]

Rapidly . The applied rovense veltaye at whwich 4wt happeng ¢S
) Kaown ag Batakdown voltage .



'DC toad Line

A pot 6f Hu curmend T vegut P volteege daop acrols e

diode , Vo will Yield o Hlreaighi L€, calleel et load Lae -

1p
J\>ni

E%/’\ ;L*’Vp.

~ Here fhe Value 6 . zes on the \Vealical axis .

I 1020 40 becomes | £ -\, 4 oxn
Vb

= E
fo=0 A
~ Hene the Mmagnitude 6f e Vp Lieg on the horizontal axiy

= A Stnaight \iag deawn berweern 4Hae hwo poinks  wil)l defing
the load Une . Txﬁ ‘

|
=

D¢ load Ling




~The hensection of e loadlnl with 4he V-1 ChaeacHarshics Cuave
t tw diode dettemines tne Operading point on fhe quiescend poiat
Ot tw @-point of nae cmewit -

The o :
Oyesodid. Poiny Be Moot e & Vows Fou™S

ldeal Oiode

-ap
the diode acty @3 o pertfec! Conducioq havm

no volioqe
crop acaoss o4 08 :

5 .
.l Jhen  fpawand bigsed 3 as q pPeefect (nsulator
Ving  no current Thaough (} hen  revease  biaged .

- AN ideal dliode acks Lke an awkomatee switeh . The Switch o
Closed when tw diode s forwand biaced & S Open -Switch
when & S mevenge brated .
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Junckion Brraxdown

@ Zenen Bacakdown

- Zunen bacakdown oceuns (N JUncAinng, which acl heavily doped] .
The heow:(-j dopad junctinns have a naarow  depledion layea .

-When nweate voltage S taceeased) ) tn ewecintc fiekd  of the
MOUDN alto iacncases . A Sinong  electuc el causes a covalent
bond 40 break from e Caystal Srouctunl

“AS a refult &F dnit |, o lange pumbee 6T minority Coati€xs
art geeraled & a large curaend Hlows Anrough Ana JUNCHOn

® Avalanci B reakdown

- Hent 4we (ncreased rwevense voltage (ncreases the amount of
energy pPass on 1o minoathy Canrmieal -

- AS the feverse Voltage S encreased , funthen ,the manoa iy
Coaniens acquine a lenge amount of energy .when fhese
Coaiens collide with Sclicon atoms , they give Suff rcient energy
Yo break. a covakernt bond & generadl addittonal canalens .

- Thete addibtne Caeriens Pick up enendy Fnom W appiied

voltege & Qeneaale  34ill mone Cacectien§ .

A a nefuld of At Ao revente cuarnent incegates rapidly
TWiT cumnwlative process of Canalen generaqion 35 Known ag

Avelanche Breakdown on Avalenche ®Muliiplicadion



PN Diele Clipping Ciecuit

The ciecwit that employ drodes do clip awoy a  portion of an
NP Signal  wWithpud dittoating 4w emaining Pord of dhe

aAPNied tuovedfoem is called a clipping Cireuit o clippe .

© Positive Clippen

T D N pos: tvehalf cJ0IE
Ll K
Vi ™ " o
l l \ \/é\NegaJwe hal# eyele
v

- It (onsists ot o diodk & a nesitioe -
Ouaing tue posidive hal® cycle of twe inpd voltage , e diode
becomes rwevense bag & ¢ AAtS @8 an open twiteh - Thene fone
Voltage drep acnogs twe wession 3 zeno

- Dunring fne negahive half cycle of fie npad
Poruwand biated & b actS ai a closed Qwitch -Thereefone

voltage ,the erocle

becomLt
all 4he inpud voltage S daopped acmosS 4ne resisioce .

- Twe posihwve Clippen allows 1o pass 4he negative haif cycle of
the oput & cClipped the posiHve half cycle Completely . Hence (f
¢ called a potitive clippea,

- The oliode actS ax a <enies Switch betuen hwe Sounrce & load
So the cinauit 3 called Series posiitve clippea -

Shunt focitve OlipmRa
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(Inpwi & pwpd wavefpam )

(© Negatve Clippen

" Duning +4he positive half eycte of Hy 0 pad , the oliode e comes
foawand biaged B <t acrS O3 a eloged Qwitth -As a watudd
all *he ©put voltage appeaas acaoff the resiflon. & .

- Puning e negatdve half cycle of e fapud volleGe [ hhe diode becornes
vense biated & it ads o3 an open gwilth . Thus there & NO
Voltage daop acnmosS fwe alfizion alucuwa the negodive half cyclée .

- The negadwe clippe alows ‘o pasS the Posidiive holf cycle of
Yre npuwt Vo \tege & clipped dwe nc,aod(\’Q half cycle completely .

Shunt | Negadwve  clippent
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Ve -

( nput & outpud wave foem )

Biaged Clippert

A enpping Cincuwit wWhith hay o paovicion oz e adjptment of

: birat
a clieping leved &5 called a Biased chippez - The name

Aesignated becamse the adjustment of cirpping level <= aphieved

by addng a brai veltage in Seaies with the oliadle o resston -

rafed Positive Clippen

et i when vid Va ,Diode becomes mevense bioged & ¢f actr ag

an open switth . Thenefoee outpwd voltage equal 4o Ve -

{4 Vp ,Digele becomes forwand brased & ct ack o o

0 the output voltage 3 eauwal to wpd Veltege.
Vg

Cate-fl ' when V

closed Bwitch .

-
P
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-
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Biosed Negative Cligper

Combination clippea

The combination of a biated posikive clippe &

clippen

(S caMed (gmbinational

a biaged negative

Clippert

Case) 1 when input voltage Vi D Ve, ,diode D, becomes fPoawanol bras

& (1 acds as o clesed

swifth and diode 0, lbecamet Mevease

piaséd & Jt acdds a3 an open switch . Theneford puipdd Witage O3

€.q,uaJ "D Vp.| .

Case-T' when Vi Les belween Va, % Va, , boln diode 0 & D, becomel

mevease brased & they act of open Swikth . €o owlpud valtage

equal t0 tnpud veltage .

Cote-T : when W < Vp,

/

002 O, becomes Mavense brageol & <&

acts a3 an open switth and diode Dy becomey foawand ‘orased §

t atts a8 a closed Switth « Theufar ouvdpud volfage €qual o

aefenence Vellage Vo, |
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Vi S g
VRV

( Inpd & owtpd  wovefoam )

Clamping Crrarid

A clamper § a nework , constaudied of a diode , reesiston & capacitor,
that Shifts a wavefoam 4o a differerd D level without changing
the appeacante of the applied £ignal -

= A clamping cicadt © allp Known as D rLStore .

Positive Clampea

Vi Ve AV

| L

- Durng negatrve holf cycle of the mput voltagRr Vi, the diode ¢J
fowvaad biated & cuwanend Pows thasugh the Ciacuit o

- Hence the capacitorr (S Changed to a voltage gqual to 1l
negadive Peak Value of input velbage | —vy . 13 means the
Capaciton acts af & batteny ef -V, .

- Twe polarify of 4wy voltage 3 Such that of add o the input
Signal + Thertfore the Owdpd woliege @3 equal f0 4l sum of +he
ac inpwd Signal & twe capacitoa \vollage Um -

(Vo:\/i + Vm

)
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A

(lapat & owtpd waveferm)

Negatwve clampen

C
1
H

1 h

i T

L o

-Duaing due posikive half cycle of fwe input veltage Vi, the dode
(s fornward biaged & ctuantnt flows tnaough +l  Cizaut:

~ Thertefoar the capaciton 3 Choaged 40 a voltage equal 4o 1ne

posiHve peak of dhe (Nput volfage , Vm

- The polaeily o€ this veltage S Such that it & Subtrackd
from twe tnput 2ignal . Hence 4wz owpud voltage s equal tothe

ki Peence between AC input g(ar\aj % e capaciton \JO“'O-SQ Vm .

[Vo-= Vi=Vm|

-

<
e 3
-

-V
(dopd & Outpud woveform)



- Ag it aeverzge voltage ©S

—Thenm\‘g&oag

S The Yemitbon O @ demperatual Sensidive reegisto, o€ S feeminal
resigrance S related 4o obs body tempernatwind -

- ‘ a
- Tk ¢ not a junckion divice & T3 consiaucied of “Cre, St 0%

e - ~pound
mixtune of oxides of cobalt ,Nickel ot manganese « The ComP

‘4 a negatwe
employed cletenmines whethee me cdlevice hat a positive o 9

tempenatune  Coefeicient |
- Bymbol - __@__—o -——;ﬁ"_

- posibive Jemperatung coefficieni means , tF the remperatung {NCreases
Haen resistane (ncreates & negajive temperaduvl coekficient
meang (£ the demperatual {ncacafel Awen ey shance ckecreatey .

Zenea Qiode

A zenen otiode S alSo colled a wvoltege meferonce , veltage reequlaton
oe brreakdown dicde -

. Symbol '_______,_D‘t__——a
K

A

. Zenen diode operates N e revense berakdown  region .

- The nevesse breakdown of o PN jungiron mey oceur  €ifhen due
to avalanchl o Zenen effect:

- The Zenea diodef with bacakdown voltages oOF 1€t than 6V, opeaad€
cn 7enen bacakdewn - Thoge with brcakdown voltagec grueatest inan
GV openrate (N avalanchl  breakdown

Rovernce Chanaddeq TTic

incacased dme mevenge curnaent kemaing
negligibly Small up to twe Knee of the Cunve -

- From e hotfom 6f knee ,the breakdown wvoltage remaing
tongtant . Twig abih’hj of a diode S Called rugum{ma ability &

D s an imporztant faotuae of a zenea diode -



Vt. 0
"‘Vp. \L": . IZ&
n

Breakdow 1,
o ‘

Reguladion l

negion

s 0ieis mom i { Lzm

( Reverse V-I choracieahict )

Specificaiion

- The Zeneq cliodes anl génenally Specified tn ¥ams &7 4 Hacdoas

Namely  =zgqer Vounse (V2 , maxinum power ATSipation Ppymex )

Breakdown  Cumnen 3 (32 8§ znen megiStance (Rz) .

- T powen ATIg; Paiion of a zenen diode s the pacduct «f breakdown

Vollage (\,) & nreveece curerenNt (1,7 .
(P = v xi:\

= Twe maxtonum vedue of Power dTsSipadtion , wh
AT pade , withouwr Rajlune

b'ﬁ Pem -

“h & zenea can
¢ called powen Rating & 3 desrgnated

Zenent diode equivalend Cizenit

)
; e 1
— 2 V. = VA
- *. Va -
{ l
(ddeal ) ((Practical )




Tunne! Oiode

- If twe toncemaation of mpuaidd aloms s greatly incacased N

% noamal Pn Junclion (€ by 1000 Ammes o meot , <8 ¢ haagdanthic
ant Completely cnanged - Tus gves mise 0 a new AyPe of diod

Kown as 4unnel dicde oa Ecaki divde .

- wWhen impuril  concemtration ¢S incaeased (€ about one posd

in 10% atome , dne width of depedion layere ree dusces o about 1O
Undee Guch CeNATITONS 4he chardge cacieas il
junciion ot the Speed of lighi ,£ven
énough €netgy ‘o overcome e
st Aws a laege forwerd
ed Hoawaed volrage

Nanometen
Penetrzate thriough the
though 'H\g,ﬂ do noi have
potential bameier -AS a @eSWA
Cumaent ¢S Produced even ¢F the appels
tS much legs than o0-ZV.

- The Phenomenon of penetraking the chorge Carmies aieecly
thaougn +he potenfial boraiere instead of cumbing overt o
€S called %nm\!:(\g % hghly doped PN junchon devices

at€  called tunnel diodes -

© These olitdes ane usually made 6f (e o gallivm ansenide
CCralg?)

v gﬂm bol . '_v__ﬁ_,,—t

V-1 charactenisAict 6f Tunne) Aioae

- At +he applied Horwand weltage 8§  [ncncaged ?rwm' Zenoe,
the cuneerd (neneates weny rapidly 4l €l rceacher &4
Moximum  vale  known a$ peak. Curnent L, & the
Coruzagmndma velue of 4w Fbnward voltage ¢S indicaded

'03 peak Voliage V, .



valley point

- 1P te forward voltage 3 fuatter (ncacased e Curnend
decngaces il oF medches S minimum wvedie Known ag valle

Curaen\t [, .

- AS e wollage furthea incaeated A (ueeent  iNcresses on
a wiual mMannew ag (n o nNoamal PR jundion dicde: The
Cunaen} again [Meathes e peak vawe Lp & the QOU‘“W"‘*“‘%
\bltage % indicoded Yoy Ve .

" The kunne diode exhibils a Negadive resistance chaaalrenstics
between Ane peak cuazent Jp & Ak micvmum Value Iv -

. For Curnenis whose VOWeEs aow between Jv & Ip the Cunrve S
tniple valued . I+ means ey @ach cunecl Can be obhained ot

theee different applied Vollages .

*~ Tunnel cliade eawvalent Cinai

Application

- As an wltza high speed Switchiag dewvice -
- As o logz mempry Storage device .

- AS a micaowave oScillaloe At frequency en the oader of 10 GHy.

- In @uiaxadion ©Oscillatort .
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“A PIN diode ¢ made up of 7 SLemicandultton madenial € -
One heavily doped P-type § ppe N-type malencal gepanaied

bd an. inkUNSTC  Gemiconducton -

" Tht intainsic negicn offeas high resishance 4o o Curmend
'Ftowwa through ot -

= The Capacitance Detween the P & N region decreaseX Decausic
of ¥ increaged sepanaiton belween p 8§ N region. Thit allows
the PIN diode to have fagt response +imé - Hence wyefal at
verty high frequency

“There 7S a gueater electien-hole patn generation bemuse of the
tNeraged electric fiedd bween Ane P & ™ -

- whén e PIN diode % forward bated the width of depletion
loyersS decreases .AS a rowdd 6 4hg MO Corziens anl ¢njected
into te T-wmegun - Thit reduaces the fesstance of e I-region.
Twus wWhen o PN disde S forward bat , it acke like a

vaiable reatiance .
- when twe PIN diode S rwevease biated ,the depledion Loyer become
thicken - Ag e reverse biag S incacased e Anicknegs of
the olepletion loyer (ncacales +ill 4ne 1-negiony becomes Faee
ot mobile carienS  The revente biag, at which WS happeng
(¢ called gwept owd voltage . A4 4wt Stage the PN diode acks
UKe an almogt ConsStant Capaditance .
- Cauivalent Cieauit of a PIN Diode :-

Re n Ca
( Porwand biated ) (Revertse biaged )



Rectifiere

|

o Ty
low voltage neel i ea High Vveliage reclifien
CPuovide Law de oudpuLt) Cpaovide \amge dc OQM 2
|
l
Foremed by using cliedes Foamed by wiing SCR.

T |
| 1

Half wave Rectifre Full wave Reckifien

|
e |

Certae +apped Bridge

Pechfien 1 Tne protess of convencron of AC o pusakng Dc <3
Called Redification & e device perfoaming  redificadion <5 QA
Recdi Fien -

Half wave Rectifien (Hw R)

YL
e _éné%} ]

catel : pDuring the pesitive half cycre of the apd ac Veltage , +ine

diocle D T foawand biaged brased & hence conducct . While
Conduching  The cdiode atts as O Shont ciecudt So that cowaey
cunment Plows & hence positive half cycle oF Ahe Tnpud @l
Ve . ]
g.C |
I Py

)
Vo

l




Caye.[] "
Sl Qmm% e negadve half cycle e diode S reevense - biaséd
and hence oloes not conducd € thewe € no Curnend flow . Hence

Thirne 3 no Vo ltage drwp acaoss R, € I1pc0 & v, =0

Wi

| \/\\//\\A
o I~ Ly 5

DC outpud Cunaent

X

De o A '

o

ilmgme ) whare 04g <

"

O |, wWhere TLHean
T
o
Toe = L
mogImfmede ""%_'1?&00‘9
™
" 23 In[ese]," 4o
= 2—'1 -~ (=1=1) N
Toe = X
LDC "'7%' Vave 0 Vpe = YL'L
T
RMS outpud Curnen
%
Root mean Squane , Tame = J,—;,{'.‘Law
4]
T
2 ernl
{Cosze = 1-28i20 ] . /'5‘3' g’"'g‘ bas
(-
|- 0826)~ = Siale o
( )1 :].I‘_" 'g)io—cosze)ole
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Iams - ‘.[—'"-

Ripple Pactor (n)

A meatuae of tie ?tu.ch.ca,tm% Components S gwen by the PTEPIR
facton - 1+ 3 defmed ag ‘-

RM¢ Vawe of AC componenf

. &
Aveaaqe \Valug
- ILM" s JI—O}Y\S -—r&
ldc o
7 Lom J"'/a. 1
j’(I Im/,‘.‘) ="
= T‘.L = |+ 21
ok =
\rz.= -2

Efficienty (nY
I+ s o measune uf 4we abitify of a rectifien Yo convernd (nput
Ac powen it dt powenr .

Mathematically | p . S o pooer
Lapud powea

7.
s = Pae xio0ys = £‘§E_p‘_‘- Koo,

P; Inmg p-)__

-
(IMM) x t U'D D/ - 400
L‘["‘/‘L) e~

P;"'L = 40-5 -/,,‘)




Regulation

The Varuadion ot Dc Ouﬁ)uj VOH‘OSE as o ﬁjnc-l;'OH ot DC load

Cuznent ¢ Called eguiotion -

Voo toad ~Vewi toad

7o ot regularion i< defined ag | *f> Regulation = x100%o

Vil Load
: Ve o« (Y2 1
o/o WOJ"D() - ryzr ( Af Loe )Xl00°/o
Tpe &

7o Regulation = k0o (R =Pssordony + Rg )

Voent = %’lpbz\/_‘-?:‘- ( No toad vol|tege )

VDCFL = _\-/r-'—;l -IDCQ' (' Faul (an' Vo‘ hge)

Ne Load = [pe =0
Full load .. Ioc F0

Loe Pu

Transfonmez Uk Lization Facton (TUF)

- TOF S 4he radlo of dc ouwtpud power & Ac rading of transfoeme

$econdaaj wandiag .
- AC rating s the produdt of pr¢ Voltage across the winding £

e RME current thaoughy the winding .

Tue = _Poe -
AC reding of Secondaay
y
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Thoee fore |, dicde D, conducil while diode D, doed no{ . Carureend
flow & thaough dicdd 0, , load messton 2, .

case-ll' Quaing the negedive half cycle, end A of +he Seconclary
winding becomes negative & end B positive . Theacfore diode D,
conducts whitg diode B, does no) . The cureend flow 6 theough

diode 0, ,load R & lLwer half twinding
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TUF with refpect 4o geconolanyy winatg oS
TUFgy = 2% 0286 = 05T

Do output powet

TUF wan-y priaia waneling TuFpy =
ﬂ'j AC m_‘ma ot P"'imotj w“‘d"ﬂ

TUFpw = Toc ol Io‘é o
Voo ey AmPL/y

%
TUFpw = AIm -2 | pig)
IMZ,-‘TZ
Average TUF - TUFw + TUFg, = 0.69
t 1

Erur = 0.69

Peak Lnvease \oltage

Piv =(Vollodglmx cn revense biag Condition
Pilv = ‘QVmSmeLm"
(Piv = avm|




Advan—}agq 6f full wave PRectifien
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and Dy ane nevense brated - Theneforg only diodes D, and D

Conduich S . T+ may bhe Seen thal cuanent Llows Fnom A Yo R

Fhapugh 4ne load R -
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Quring the negative half cycle of Secordany voltage ,end P
becomes Negative & end & PoSitive This makes diodes D, ond

D4 Porwand biaged wherne as dicdes

D& Dy anre reveitse
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Advantage ¢f Bridge Reoclifien
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@) I+ provides greaten Ty
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@ 14 requirees 4 divdes .
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Filjen

Filder ciauui €S defined @ a Citowit wWhilh wemoves 1w
unwaniea  Ac comporend T Hua rtectefien oudpul & allpw¢ o‘-\]/d
A d¢ componen| Ho eath 4L (oad -

@ Capatiton filtee  ( ghund Capaciton Cilka))

Pul:. w _L - T
Ac “ C_‘(‘ ke Vo
| R

F ,
ot L 20! Vi becomes positive & diocde begins conducton ag a

resuli capacitorn Qtaris changing theough diode - T# diodke 3
ideal il behaves a8 o Shont ciawmi{ (N Ponwand bias thenefore
Capacitorn voltage incacases oX the Game frate ay rtafe of increase

st taput VOlkage .Changing of Capacrior ¢ Continued HIL Bt

Fot 4>t 1 yi Sterts olecreating hence capaciton Showld distharge

& voltage aawosy capaciton ghowld decacaie - So capactitod w !
oltscharg e Slowly fhaough By as .QL ¢ Veny lange , a8 time
Constant T = R_C . Capacifon Voltage decreaies jil t=t, &
diode romatag in obf condition $from t to b
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charge Whith S continued 4@l £ =, .
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Oue 4o Charging % oifthanging of a capaciton There (4 ippie
Psent in the ouwtpd voltege of a capaciton Helten Smallen
He vole of tucc mipple , betlon will be the &ifeing aciion:
The ripple factorn of o capaliton Htlten (S gven by *-
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" The LC filben 5 akgo -known af choke inpwd fiiten.

= I Consicks of a choke L Connected ©n Seaier widh {he
uchifien ocotpud and a Hflilten capacifon C aceoss the load.

T The puwSating outpd of mectifiea ¢S applied acanss (aductoa.
pu..lSa'u‘f\g out put ’O'f reckifien Containg AcC & DC Com PoNENts .
The choke offens high opposifion to the passage of Ac
Componend buk negltgible ©PPOSi tion to the D¢ Component .

" Befone eapacitor , tWe reectified ouwtput Contatns olC comporent
& th @emaming part of ac Component which hag managed
fo Pags dhasugh fhe choke - Now the capacifor bypasser the
AC component but paevents tw OC Cemponent 4o £low
Hinough tF: Theaefore only DC Component reaches the load.

- The rupple factoa of a LC fltew ¢S ;-
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@ T -Filten

T} _conSists oF two Capacifons € & €2 and an nducior L
Conneced in the &am of o T -

The Pulsating owtput from tne rectiBer i applied ad the topud
terminalg of the Ti- fillen

@ Capacitoce ¢

Lt offews o low reactance +o Ac componeat of wectifien oudpd .
But it Oftenc nfinite metigtance to twa de  Compenent + Therefoad
‘e Capaciton. € bypattes an appreciable amounj of Ac compodent
o the Qround ,While Do cemponent maoves lowartdt dacuctore L -

@ Inducion L t
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outpuk but Zero ruesistance to the De Component - Therefore (f
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@ capacitone C, "

1ts behaviowre ©s Similae o W capaccton ¢, . T4 bypagses Yne
nc componend of reedifiee oubput ; Which pqn noq  block by
(nduckon L« As a meewli, D0ly the Do component S available
at the putput

- The ipple Cactor of a T Félfen €S L-

|
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Curtaony Amplificainn Lactorr (CED CBD
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- Blosing refeas to providmg- OC cunnent ond Do veltage to
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e device .
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MEse €N 4L collector junchion temperalune duaing r@ueak bag
opeaation 15 calleeg Theamal Qumwag ;

Drffeaont mernod oF Teoansitron Bragog -

® Rage nesTSdon. method
(&) Collecton. 4o Base bras

(4) Self bias ot Voltage divider method

(O Raje ReITShon medhod [ Fixed biag

- Vee paovidles Ane necessan o Cuanents & Voltages o BTT,



APPlY g KL o (apd SecAwn

VCL— an-g ~ Vage =0

=) IgRg = Vee- Vigg
=) Jg =  Nee-Vae
“-q @

Tee - Bfrs\

Appldma kv t oulpd Sedion
Vee ' = ke —Vee =0

D Vee = Ve —1cRe

(Vega = Vec - TealRe |

Zlapility Pacfor. , S

g |+ (3
-P2R
#‘wm mﬂ@ IB - \/C(.-VEE . @

Arffenentiate eq" @ weart T¢

21s. . 09 ~0:=0
21lc

8 o Ble = yxp
odco

S = 14p

Pnawbacks

® Highly unstrable ol';;_,n.a-kif\% poiny .
possibiliby (4  Aheamal runaway .



@Lo\\ed-aﬂ b Bage Bioy

App\ama KVL 4o inpud Seckion :-

Vee ~ (Lufe)u,, — JagRg ~ Vg =0
? Vee - (BTs 4T)Re - Tgrg-Vyge =0
3) ﬁlg Re + {ghe ¢ fale = Ve “Vae

) Lo BtIRc+Rg] = Vee- Vae

=) Ia = e N
U+BYR + g
\Icu = Pl \

Applvmﬁ KVL to oudpd Qectmn .

Vee "@dfe)%'\’ce =0
3 Veg = Veg <14 Te
ce ce ( 3 -E)Q-c.

=) VCCQ = Ve = 1.0 (\{' -'\3—)

(1= ple)

ucem & Vi -Febel C7 B 1 laege)

¥ et




Stabitity Fadon |,

S D

V=g iy
olc

KL fn ilp Semton -

VC(-(IC'*'IG.) p‘C -IGQE -V%G =0

T) V —
) cec ILO‘L—IGD-( _‘CGQB ~Vae =0
2 rﬂ_, CQ.(-&IZG> = Ve —Vae e B

D g = Vee -Vge -Ie R,
Re + g

—O®

Oiffeee ndrate e wet Te

2Tq = "p~c
CR Pet+ Rg
S = 't P
| ~
T (-Kc:ng

- Twt. estrslance Ry Comnedded bot" eollectm & bote provides
negabwve Feedback ,wnith feduce the ovenall Ac gain ot Afplifeq.




Self Bray ot Voliage divi den méthod

Y\/cc

=
3 (
f-
Ra
'Q’P-H\ Vcr_l Fr B
R = R NP2 Vi s Ve P
R+ R

Apptying KVL o 1npud

Vi = IBQ‘?h "Vgg - IEQE =0
=> \/4“ —Ts% "\/Be "QL*IB)P‘E =0

3 Vin - TeRh -Vae — BPIgRe - CgRE =0

=) Ta(Rm+PRet PRe) = Vi -V
'}) 10 - V’M-VBE
R, + @) R

[Fu=¥5%)




ApPlyng kvL 40 ofp Sednn

Vee- Tee —V,g — IeRe =0

=) Vee -

Vee — T Re - TeRe - ‘E‘:.P-g

&
2 Vee = Ve “Ig(ac'l'p-e t p,;E)
)

2D Vee =

-

D Vee -

—_—

Vcc —'I(_ (_p-g'\'p'f-:(l*’%)-s
D Veeq = Ve ~Tc (Petne))

Stability Faclon, ¢

gy DEE .
-galip
| BBIC

KVL fon éfp Rectinn ‘-

Vin = ToPn - Vee = Tefe =0
2 Van - IgP - Vg -(TctTa)Re =0
2 Vin-Tg@m -Vge ~TcPe —IeRe =0

2) I, (Rm+PRe) = Vim-Vge —T Re

X o Vi - Ve - T Rg
Ry R

353 = - e

2T Rrh b R
_— P ~ 1+ ¢

h | - fl,bl .pi )

23, | +B (%Q-P_E
¢ . tB B

“”ﬁ*«%}\

-

Qe, s [auﬁae)



With Pacper Seleckion of &, & Rg |, e Stabllihy Factor
4 o %eaf bias o Voltese

obtaned helew 10 .

dividea bias cirwit may be

S*‘nb(limuon

7=

e Precess «f making tne operading poini ndependent of

Hmpewahunt changes on varttatinnsg in manditioa pofw""e*“”
(§ known as Stabilizavion ,

~0nCe  fw stabilizatton achieved |, the values f Te & Veg
Pecome. independent of tempenctunl varicat®n pq eplacemen 1

¢t rraneTioa . 4 good biafing cirecutt helps (0 Awe Srabitizakun

T opemo.&ma punt
Need fa Stabilization .

Stabilizalion of twe openading. poind hag to be achieved due
+0 hae ‘?o\lowwa eatons :-

- Tempraiuee dependance of I,
= fndividual wvarationcg

) Thoamal Runawoert

® whad do You mean 4 eanly effect 2

w- Twe ?ﬂO('eaﬂ wheel Yhe AfecAve base width «f tnangtion oI
ol teaed by vanying co\lectorn  juncd @ voltage & calles base
WwidMm modutlation .

= [P bue magnijude of colleckor Gunciion Vveoltage @  mncreased
Then 2ffecive bae widh,y, of frnamrsior IS reduced

- Tha ?mope,n.\"d T bage naewwing <A BTT T knewn a4
Canly ePrecq -

=



@ Detenmine Ver & T foa ane voltage dwiden bad . §-100

t'nv
3 D%
Sl
Vee
239k | 'H e
."'L —
'x '
N, TR 8wk
39+ 29

Ry, = 0 355 kL
3-a +2%9

Apply Wi to (oPut Lopp
Vin = Tg @y ~Ver - Te g =0
519 - Ty (355K) - 0-F = LllP) Liska) =0

=) £g( 355kt lolx16k) = 2-07

7) IB = 8'38 A

Te = Blq = \6D % § 38 LA

Je = 0:84 mA
Arrly  KvL b ouwpd leop
Vee = TeRe=Veg = TgRe =0

D) Vee - TeRe - Ver - Q}i‘Ig) Fe -o

2 Vee = Te®e = Vee (T + Eé_,) Re = O
=) Ves EWee™ T /(R eltg)Re]
2 Vee = Vee = T (RetRe) -

2) Vee = 232 - 084m (10K+\VBK) = 1234y

(4 1< Neglecied )




Transiston. Amp\ifien

Pracitcal ciradt of Taanstston Amplifien

Vee

&y e .
c
|
Cin 0
.—-—{‘L— L
1 -
a9 2y Q Ce
gmnal t
9 ]

- The restsior Ry, B 8 Qg Foam th blasing and Stabilizadton
cirtasit + The bresing  Cinuail mubl es4ablish @ prepet opetatng
poing

A Capatiton Cin (3 wied +o couple fie gignal %0

ot tne transistoz, The Capacitor  Cin olloud On.'d e
Plow buk s0lates ARe signal Souece From ' By

tne bastl
¢rgnal 1o

- An emitite byposs cp.pa;ih)ﬂ- Ce O3 wied i0 panallel with R
40 [xwv:de a w heactonce path 4o e amplfeed o« gignat -

~ The oupling capaciton Cc COUPles One S469€ of ampifren,
10 the next Stage . The towplmy CopPacitor C¢ GolateS hae
At 6t 0ne Stege Arom n neXY SHe9y€ but allows +R
Possage ¢ ac synad .

phege Reveasal

- The phee diffowence of 180° between 4he  Sighal vo ltege and
eutpd voltege n o Common ematiea ompliften. ¢ Known oy
Phafte reveasal .

In CE wafiounation | when He input granal Vo ltege (NCaRateq
in e positVR sence , te oudpukr Ve ltese tNeeaaes n M.
Negatlve Airection 4 Vice-vensa o0 twene 3 a Prhase ol ifenence

o1 180° beAween Input & ouwkPal (n (g CmProuaatinn . &
| 4



“The igned T3 fed ad 4z iapd deaminals & oubpud & 4aken
faom collecton 5 emiter. end of Supply -

putpuk  voltes g . Vee = Ve ¢ P
- When e %ignak voltage increases (n e positve hadf-cycie

e bose cunnent alsp iacroees.
Ve

- As bate tutrent tacremSes | Cantnd o collector @S0 cACALHEr p-S

hence Vvoltoge daop (R incrcases.

- As Ve 8 Corsiand ,trmfng ovdput yoltagl \ . decresies . Co
a4 the Signad voltege (¢ moeesing N Tha  Positve haitP-cycle s
Ang output voltent O nr\cr\.mulr\ca in et negarl fenge (€
putpitpuk 6 189 olit 03 phose wibh dwa  Opad .

caleuhot wn of Qa0

Jin | Jout
\Vin in(R) = w Veud
. Anpad

VOH’Q)‘)Q "\f"\?\ﬁr[CA G’\O.J.“Q(Af) . Mpd volfoye . .\iu_}‘

-

Qapud Voltasye Vin

cuanent Omp\ifrea 0\&;‘0(4.‘) = 0:49“" M"‘:‘* = J:ud
dapd enaneny lia

pwea Gaen (Ap) = Av-A:




Qain (0 Qeeibel CdBY -

Voltage gain in dB @ Qv = aolog(Av)

Coneerd gan ndl ' Qi = 90 log (AL)

Po‘-‘a‘L 90_”’\ tnN dg‘ X OP - lokoacAp)

- The posikve vale «f 4% repuwsents a Gacn ansh negadve velre
A dg represenys o Lot

e
z
Detecnmme e Vo ltaye cinntnt & powea gam F an e plifeen,

ek has an mpd @gnal of 1mA at [omV and a CoentspPAMNY
pudpt Sgnal of lomA at 4V -

Aiiia owtpt voliasye ] 1V |goov _
Tapuk ve lto-9@ v Tewe - 00

Ay in 4 = 20logleo = 20loglo” = 4048

#e: oodpd Cucearnk lo A

= = — = 1lo

Tapuh curntnd LB

A, in dB = 20legl0 = 20 48

A‘p = Av'Ai — (o0 X0 = LoOO

A

Ap ia odB - lolegloov —,toloalog 200’

AC toad -Lne

e Ts paz Lne 0N Akt sulpul  ehanackonTATCS st o transTion
craw b whitkh Yives e values of i & Vg whan grgnod -
€} qpflied

We reauing kwo end PotS , 0Ne mox@eaem  Colletform ~ emiptfess
Vol}-a.&Q

pecad -

Pocnt and e Ot maxonum collecton. Cuanend



g
-

"
=
ﬁ-

~
-

2 e [ Pc + R

~
~
ol‘
o

|
moximum collecdon. emitien voltege = Vee +T¢ 2y

\cE
R

AC ead Lme <5 oblafned by To0mMng AT Ywo pponty .

Mmoaximum  (ollecton Cumntny = T, *

¢
en

JoxE

[

une
—AC ol

\
V(_E ‘\' ICQL

Ac eguivalent GCiaucalt

To deraw +te a-c. equivalent circwrf -

@ Peduce all d.¢ Gounees (o zow € Ve =0
@ Al W capacitornS- ppe Shorted -

v
Y £
4 e
= -
° .
L ..g
-

. D




Hybrid or k. parametee model

V) =y % haVe

— ©
lz.’ he &)+ MoV, e
1 .L', < 2
¥ +
Vv, v,
e 3 °
3 T
15 W P
4 ' —
1
bl eV . e Vs
2 he i
o g

( h-parameter medel )

(O Y
hi = "L["/ J‘ he & ‘e ANt | when o/p rnode c"S‘houRol .
VvV, =0
@ he = Ve he O méverse veltage gain when (npat S open-
VL_ _[,;o )
@ he = ,{;-.{ ; he TS foawaed Cunnnt gain wWhen o/, nod e Shoceled
31 lyyzo0
L’-

@ he © 2E " he O Ofe conduchance when Tfp 3 Ofen clawit.
Va [fiz0 7

'lq ' owkpuk medrshance
]




prﬁ(;‘ma,{e h-paeametea. moded

1n approxXomaode anal\ys™ , BJT 7 repluced woitn approximalte
Common  emiffen h- patamete. moded whitn T obluaned oF
Neglectang W, .

8 hie
¢ B _j’b c
nfely G -~
hac'ce ',{'“_ 'ﬂm -~ "'J% ¥
hoe
—_— %
C 4 . —®
0 == _
T Approximale analysiG becomes valtd if  hoeRl < o1

- 1% a g
hoe iS negligible 4hen 'Lqpe_ S replaced widh open Conceid

o le
G
it ‘\:fcx'h
3
1) common Emitten AmPLIFi€
p\s ¥ ' ,{ QB = R\ I Ry

P v,

T RL' = B ll By

\A RaT VI l
)
=

Replacing BIT with approkimate h-panameien moded .

"s &_j‘: el c I
=
T wb N R"—p_'”_l_
TR o din e
" | -
L S -



Curaeni olveston foa I

.z ki
I" = h‘,ch ® hoe

____\__ |
e + B
-hyee -
:E'.I—‘: = ' 2 \A; = -‘h—f}—-
b | 4+ heeRL L4+ hee B

3 heely < 0.1 =) |7\, =Y —h,n

@ lIopud  Resthance

U
s .

From meat  crract

vi = Tghie =) Yr = hie sy |Ri=hie |
: ;

-

.
) Veltage Gain

i o I " )
Ay = __\3_‘ = e Lo _ —hge Ry iV a Vquii

Ibhuie e B2 ho(}

1P hoe =0 4ne R . g (_'
- L ot
| 2e = Rl ]
A, = 'he{lb\
hie

-Negadve 3790 indicales phatl shif{ «F 180° between Vo, & V|

@ owtpud Rasrstance

e 3 -——IP Q._r" )
- I ;o c
et F

) hie hoe ¥




-T0 calculate (P

U peplace Vs @ith a Shor| cincud

© Distonnecd toaol R!

T

Q/ ATsume tHaat a voltage Uy @5 applied acoss Ofp pore -

\
JoPg & Ighie =0

Ix = hoeVx =) \,/.L S 8
Ix = e
s
Noe
® Common cetiectoq  pmp\frea
Vee
) Rg
B ¢, " =3 ™ Ve
L .
y f—o Vo V‘ Vi e Qe
5 Ry Re L !
: = = Lﬂn = Ry 1Ry ]

- Raatsiorr Rg will ack et lLeod n CommonN ¢ollecton ampln’-(m_ :

- Replace BTT with appavxmale  CE pacamiecn. meded & negleet hoe

IL = To 4ngeds, o
Az = |
@ It = Jo (14 hpe) \ 4 *hfa




@ Inpd Resisiance

Vi = Tohie 410
Tohie + I,Clthe) e

Vi Tw [hie + (4 "\(e)lle]

['f—)\‘ = hge +Q+hf<)aa

Vi

]

@ Voltege Gain
T Cithee ) R

T (hie tUrhed Be)

\V o Re
Ay = =% =
b VS VR

Pv . U+ hee)re
hie +Q+kk)fle

But (Mthee Y Re D) e

szi

Common collecdor amplifien has unity voltege gain
input wvoltege .

—

T AC output woltege © Qaual Jo AcC
T ommon colleclon amplifien X oMo called emitten follpwen

becose emdtern Voltage Hilpws opud veliage .

@ Output Rogtskence

TO Calcdall Ry
D Replace Vs with a Shond QERoAT
(O Diconnecs loadl Re
@A?plg Voltagl Wy acapSs owtpad pQnt:
N

—— WWA\~
l heely

hie Re= Bs Il R,

Q«&




TpRs' + Tpohuie +Vx =0
2) Vy = =1, (B +hie)

Koo
Ix + Ib + hge I =0
Tx = =Ty Cl+ hee)
, _‘_;1 2 R & Wik
* | 4+ hte
R ¢
p\o - S 4+ hie
\+ hee
©, Common Rage Amplifiea
Ve

©
Wi Ve

!

C
- %’" -
Ca, ® 1
T . V<
Vs u l 3
. B £ VQ

{9., I Ry I Shoat Circuid = Shont tmeuit ]

LO.\_'_ = R0t P‘L}

~P\ & Ry do no} appean in ThL Ac equivalent cinait becawse. ey
are in paeallel to capaciton. C) WATN (S aching a4 Shont crrais .

‘Replacmd BT W apprexemoll (e parametur &

negleot hge L —




IL - ‘thIb

Kep
IQ +Ib+hﬂrb:0
D Les =T iC14hp
Lo . —hpe1y
= JoClbhee)
= h?(
H-h
- UAv

« u Ve
R¢ = ¥
Kyl
Ibhie +V: =0
=) V; =-fohie
Vi - —fbiu{
. ~ T Cltnge )
R - . hie
\ {‘h'@e )
@ volloge (Crain
I
Ay, = Vo o T -
1% o —7‘.
A, = ~hk‘tbp-‘_|‘
"'fl, hie

P N
lfv - hﬂ .
hee




W)’
O Oulpt  Ratistance

e
Re I Rg = B¢
VT
Tohie + IbC|+V4.¢)Q~:; =0
= I, Chie &(X‘Shffjp'é‘) =0
:) .Ib = 0
Ix - H‘(_]b =0
Ro = t-/-z'— = Y
T3 o s
Ro =

Common L mitrea
1 Coromun R ase

- Lange cunment Gaain

“ Lange vellege Oamn

— Medium itn
Put RATHANCR |-simal| dpuk  resiStance

- Medivm o
whpt efistance | - |aege outpud rermtance

- Unitlty lunnent Qi )

- lange Veltagye gain

common Collecko o

- Lange cuamng gain
. Uﬂr."j vo lfage gotn
- lange {nped reaTTiance

~Small output &rriance




Mwiistaqe Transision Amplefien

To Qchieve gma#m veltoge & powen Qia  we have 40 W€ mong
| Pe is Call
Man 00e Stage «f amplifrcation . Such an amplifien s Called

& Mw4iSkage omp lifea -

- In muwikistage amplitiea , the oudpul of pne Stage s fed to e
épt of twe next - Tt O called Castading -

“W e outpd  fopd output
* T T

4 o
V&,n VO. W %1, VA Ve
Iy I . 1- L ¥ }‘ 3 jJ 3

~A mulistage amplifiean wing 4woon mone siagle Sege w@mmon
emitten amplifiens, 3 caled a cascade amplifiea -

A mud tiShage oamplifien with common emittcn amplrfren ay e
£inst ginge cnd Common bage on common Collecton ampE i feen
al the cgecond Stage | Y callkdd A Cascode amplifiea

Gain of a Mmulti8lage Ampictiea :-

The voltage gain 6F a Mmul{istage ompirfren. (3 equal 40 4y
product of the gaing of the (Ndividual Siages -

- 1f Ay, Av, , Avy aae tg (adividual Stage gaing, tuen
ovenall voltage gouin -

pr—

l A’v = AV.xAsz AV;

- 1F gains aae 0N decibed (dR) twn overal gam 3 Al Sum

64 individuad galn .
- 1f oy, ) Qy, & Gvy aat gan o decibel , thi pveneM gaun
3 Gy = Qr tGuy + Gy

= 2 loglay) t20logl v t 2olog®v,) = qolog A, dR

x Yowen garn 1 dB , G = lo\oal\'




R C coupled Ampiifien

1 Ve
R e Ce R Pe Ce.
G - =
f
Via ouhpat

= A coupling capaciton (¢, T3 used to Connecd tuwe oukput of Fast
Stage +v e hase e cnput o tWe Secomd Stage . pAg L
Coupling  Prom one Shage 4o nexd O achieed by a Coupls
Capaciton fo(lowad by a connection Yo a Rhuny nefition , Tnane foal
Such amplifien S aned RatThance - Capacitanc® o BC coupledt
amplifen -

- The uplng capaciten. (, tnarumit ac¢ Signal bud blockg olc.
Thy prventy d¢ cteafenence belweery vaaiowd Stages & Y

Snrtkons f operety potod -

“ When ac 3mna 1 applied to the bese of dne #irct Anarsriton,

% appeang ™ tne amplified Foam acrogy iy collector load R .
The ampliftedl Signal developed Ao e 3 gvRn 4o twa
base f nex} Stase thasugh Cowpling capacitom C .

- Twa gecond Fiage does  Fuathan amp\rﬁcf;.’«ror\ c% fwe sTgned .
80 twme Costaded Stages amplify Mme S nal % *ao ovestall
Qain S c,onqrdumbla increased

Freauency Refponse

@ ‘0""_4)%.&"% - Thr atkonee o Coupltng copactton. ¢, T high
% hance very $mai|l paat o3 St9nal will poys From one slage do

he next Ciasf . (o can not  Shunt tal emitjen, asTSrance Re
becaute «* Tty lange, rteackance, ot ww  freequency -



N here o voltage gain Falling ot lbw fhreavencies

@

Higi Pﬁ(q,uer\(‘a T eactone of ¢, TS veny  grmail & oA behoveg

o shoat Cincuit - Thas ™Mcreates tna \oadong effect of nexi
Stage & Senveg 40 Meduce w2 voltaye Gain - At high Frequency

as

Capaci¥ive reactanc® ¢f bose emiden junddn 3 Low Whith

meneases hae  bage tuaalny @ Twurl redet the R - Sp tnl velioee
dprg of$ at "\\'gh #rw.md\ﬁv .

() Mid Fre
. S PTRANARd Y T efleck of cwoupling eapactton C. decneases

wWhith +ends o cncase 4 gain , at i Fneouency mceaoates -
louxe W& rreactance Mmeany wghen (oodng gt Pragd $lage & hince

Lowen. @ain . “These 1wd Lackong alMOS\ canced €acw oma,m-s«“axa
<N a unfoam gain at mral-frma;uenc? .

e
\( Flat el ponge
m High frequency
¢ ' Res ponte

|
. \
6 otz 2ok

—

freequencd
Advantageg
@ I+ nas excellend frequenty wregponse .

() I+ hos lower cost gince ¢ employ$S nresrtions & Ccapactons which
Gae cheap -

@ The it o veny compati o3 4.8 moolean sTitons & Capacidors
are smoll & extrcemely Light -

Di sadvantage

@ (PM. Re coupled amplifiens have low veoltase g fPowen 9ain.
@ Impedance modching &3 poor. »



Treons&amen Coupled Amplifrea

urp fnaniformer
Qup ‘gﬂ \ [ Vee » —— Output franffozmee

ﬂEomd

Ry P “

pP- Preimany
S - Secondary

‘i'Ce

= TnaMfoqmeq COuP'-U\a (R4 9enenaul~a employed when 4wt ad 3 $madl.
[ o Mo?‘l‘d uled Hoa powen amplificalio O .

A Couplng dnonsfornmen 3 wed 4o feed fna outpul of one Stage to
e inpt g e nexd Stege . The primany P 6T 1S Anans famen
(S made the ilecton. logad and K 9&&\0\0&3 S gaves mpuk ty
e naxy Stage -

when ac signod s applied 4o thy bage «f fesd dranstston, ¢f appeans

(N e ampiified HHam genoss Pumany p of Hew coupling  4nansfoamer.

The voltage Jdeveloped acrory Primany X tnansfenned fo tt inpud

of te pext Stoge by TR transfoemen secondaay |

FR'S_““€"‘7 Res ponge
W .’ﬂ""* ;
v “‘;}E”L““N“?“M“‘*
freswenc y 2

- (oin B @Mland only ouver o Smal range of gu.q,uenc?.

~ At Lw  Prequencier jne reactance € pamany  begins yo fall
«LSuAHn.a ‘N decneased  galn |

(60)



of wmcb‘\a-s

i' Al high ﬁzwencﬂ Yie capacifan@ between Fuanp 4
( €
Qcls ax o bypar - CoNARNSeE fp naduce te outpud VO gy

hence gaid .

= Thene will be d\rsmpor&mnd( amp\t‘ﬁta.\-ﬂﬂ af freauenc(esr o a
Gorpleke  Zrgnal - Hence trantfamie Coupled amelifren 0 nediaces
fn.o_q,UU\uj A S hortd o .

Advantege

% 0 . y
O No Signal powen T lock in Hae colletton o bage nesTstowrs.

@ An excelleny (mpedance matehng  can be qohived

(N a Mmanyformen
oupled ompltfien .

@ Due to Mpedance rm&ch:mg , trargfomaa, c.owplin{, prwvrdq
Nighen Qain .

thadnnhqe

O 14 hag o poor #frnoquency rRAUPONSE, .
@ The oplng trantfonmons ane bulky & faraly expensive. -
@ Fn.eq,uencj ATtoton T highe .



Feedback in Amplifien

Feedback ' T4 refene 4o Mixing- a pond of 4+ amplifien output

with applied npudt

Feedback signal 3 propoationad to ouwkput Signal

X¢ X %o

Xg = BXo (B * Feedback Factor)
. Kf

P =

@ 1P feedback signal gets added 4o appued capud | Tt (3 Called
Positve  feed bacie. -

|_7‘£ = Xg *‘xa
Xs * Applied onpud
Xp ! Feedbock Signael ( Xg = Bxe)

Xi ' Net énput

- Positive  Feedback 3 uted in oscillatons to generate an qe

woveforum -
@ s 'eCCdbO.CK signa! 'S Qubinackead G“o‘“ AL Qpp\fﬁd fﬂP‘—\j
(s calied negaiwve Heedmce. -

(s )

- In neqatwe feedback applied
out of phase

iapd & feedback Signal ane

—
Rasgic |
é NI Ix:| A mplifren Samplig| 2 R X,
1 (A
Feedback-
X2=PX% | Network | Xo
D)




In a feedback System  tne fedback. Aciwonk must be olegignN -
O To provide the type of Peedback requiwe - (posittve ot Nedgative)
D) To provide the amount of feedback requint C 10%0, 207 - €AC)
@ To provide +ype of feedback teauine . ( Velrage on (uament’)

Sampling - Technique

© [ 4ne outpat s voltage , 4w sampling must be dong in
Pacrallel or n Shunt With 4ne putpud teeminalg - Such 4
Sampiing 4e€chnique T3 colled ag voltage ©w Shund om) Node
Gampling. .

e ~ Sampliag musd be

@ If the owtpk gignal T3 cannenyt,
tenm@als . Gueh a Sampling

Aone in geies with 4+he owtpud
Yechniqued (2 called ai Curreni (or) Seaies ) Wwop Samp\mg .

MIXiNG Technique

D 1f +he gounce Signal €3 voltage , 4ne feedback Signad €hould
be Voltage & &f muwi4 be mixed (N Senies with HU RS HiNg
voltage srgnal - Such @& mixcng technique (3 @lled o4 Seeies

(el veoltage ©r) Loop mekangy .
O 1# tne Gounce Signal S cuanent , dme Peedback grgnal S hould
be Cumaeni & F M8t be mixed ¢n Shuni with He exrstmg

Bounce signal oF the amplifter . Suen a  mixeng beehnrque
§S  called a4 Shwunt On) Quaalnt bt) neodle mEXNY




Tures o feedbacie

(D Shund - Shunt Freedback. \-/S"WN' parX

Stanad
Sounce

Shund

n Shunt wHh load meitio

(T connecied
pud 4o feedback netroork

- If fredback nettwonk
uen owtpt veltage Vo will appean o¢
feedbalk 7 alfo calked vellage-Shunt Fredback, o

= Shunf-ghunt
Voltogé- cuanend fredback. .

- Veliag9e guunt deedback TS akso called transBesistance amplifien
beCause input s curmant & output S vo | toge .

@ Shun{- Senies Feedback
: : k.
_— Shunt feuanenr ™ xlf‘ﬁ/—, Curnent Gampt™d ek
Stonel | Bestc E i
Souace Amplifren | LT
o (2 P |

Feedback.

l“ﬁuwoa.x ‘:J I

- If feedbark neronk ¢ 1 sencet with B then Load caeens
will appean o3 Mput +o feedback network . It 5 Called Gurntnf gamplng

— Shunt Senies feedback T3 also called curatng-Shunt feecback.
br) curmend.cunneny feedback, sn  cucatnt feedback .

- Curans Lhaant ﬁtﬁlb‘t& K a Cumunh &‘dm X



® Senier- Shunt Ceedbacic

on¥-
e D nerw
guuer[V®! ng netwer¥
) 5 vollage Sampling
- - ==, o
{ . 3N BMnC ’ P
Sourtceg c‘_’E Ve \’-‘.'SAMP" c ea l! : B Y°
. |- T4 ‘ gl
-—}» - - - o iy Gt
7| Feedback
Vg )
-7 |Netwonk | V®

- Seniea-sShunt feedback % veltage Qentes feedback Gz voltage-voltage
Feedback o Voltage feedback,

T T o volloge ampirfiea

m‘é]w\’(“g(
?‘_ R i <l 9
'\ -
é‘.’ °'ie ‘\*v \; \' Basic
owit ok { A Amphfren
AW
B eedback -
Ve IN l,
* ehwior

Senies - Semies feedback 5 Cunnint-Seares on  Cuantnt- vo ltegl
amplifien .

- 34 s o WMConduchf\cc ompl\ifiea . |



Negative  Teed back—

Xg =PXy

T When te feedback voltage om (warent S owt 6f phage with
L 1Pl gignal ond thws opposes 4 , CF (S cCalled negative

Peedback

~ Feed back netwonk [ 4 patsive netrwenk . T+ conSsie of nesStors

N negatve feedbaux -

Gadn

—

A! Gain ot Qasic amplifien , K = Lo
Ap : tain of Feedback Aenpirtien ,

Ap = Xo
X
Xe = Xg = Xep
s = XitKP = wigpr
Xg = ®¥i + ABX: = xeQitap)
Ap = Xo . Ko
Xs  x;C+ap)
he - A
\ﬁ |+AR

Negadie Peedlygek 5 uged in ampl\Fren -

© To moke e gain Stable .

(0 To hedace ATstoarion

@ To oblain o\egrfned valmes gf puk & Output
&) To tacrmase Bandwidin.

G3)

tmpedances .



Advantage of Negajive Feedbock

) Amplifien gain can be made independent ot tranciion Pana mitens

o Supely voltage variodNs . Hence +wa gam of Ampl\frea S
Q.K*l‘leﬂ'le,la Stable .

@ The negadwe Peedhack reduces 4me  non-Lingon AT tonton <N
lange <Qrgnal ame\ifreng .

@ The negatwve feedback.

Amplifien -

improves e frequenty reefponse of the

@ The negaive feadback. increages the nput mpedancg and
Olecreages +he oputput tmpedance of omplitiea -

@ Negadwve feedback, 1mMprovesS epn inCreatel Bandwidi .



Power Amplifien

-1 5 a large signal amplifien °
" Due 4p lange sygnal vanration i+ hag 1an9ge a¢ outpud cunalng
% voltage . Hence & can Qupply lange AC signal powel o toad

-In powen ampifier , a powenr {nancitoa S uted whith T 0 perated
ot a gaeaten I & Ve -

- A powen. amp\ifiea. Cupplies lange Ac power 4o load becawnl ot
inteenally Conveat'a paet of Dec powenrn drrawn HAwm brastng
Supply iato AC powe

large De powen drawn

friom brating Supely
weak AC fowee |
(nw) Powern
Amplifier

lange AC powen

Difference Bejween Voltege & Powee Arplifeeas

Voltege Amp\ifien

powen. Amp\ifien

:-\f,:l:&:“::';?ﬁ:*::*eve D, | [t 6§ detrgned 4o Obrain
Maximum  oudput powea .

- B value ® high. - B vale 3 Lw .

~ Collecton nefsdance , Re ¢ high - - Re @ low.

- R-C toupling 1 whed | — Tdargfomen cauplma (3 udeol.

- JTopy voltage % Llow . - Taput woltoge & high .

- Gleclhoa wanent § LW - ~ (ollector cuantnd 3 hMh .

- Powea ouwdput 5 tow - ~ powen output & high.

~ Outpwt ompedancg S AT9h - - Oukput ompedance ¢t lew .




Transformen  Goupled clast A powen Amplifien

Ve

Trantfenmen COU«QU‘O\@ v prefened N powenr

® I reswlts 1 berten. effrciency ,

@ Maximum power (an be tranifered to load ole 4o ampedance
h\o.h:hm.ﬂ propenty of mﬂgkrzmm

@ I+ provides DC Toladwn between amp\tfree & (vad-

De toad lUing
“Vee 30+ Vee =0

Trdenal Zegistance
of pawnany w:nolma.

('\"CE ’VCCJ - D¢

AC Load Une

sbtain faom AC @auivelend
N, *Na

:l

Load Une
Yo, =ty
Vo N
Lo
. ™4
vi . pn!
(-f'—“'—

LN
(f\-— N

amplifiens becawse -

(veaticel Ung )

o W -\:LVL
N

7 WP B ;T’,'-Iv-

Ve =

=)




AY medwum fruguencies paimany & gecondany  windings offer hgh

Muactaneg |, Hence 1y ane aeplaced with open cinradk -

‘(p"'b *VCC =0

Ve .
—c CC 3 ’-lr-z-b' x v(c

2

Ce-tea) = --}"‘d ( Vee- Veea)

- A C load tong has Slope -—..\d, & o pastes Adnaough int R-pomd
=

ce
* unt
c wod

e Load \onl

Convensidf) eggercienc

Yo = T8¢ % 1600
Poc
Ac srgnal powen Supplied 4o Lrad muldt pliCadion of RMC ©/p

voltagl & Clunnant -

Pac = Ve ¥ ams
= Vm x Im . Vﬂﬁ)
Vi 2
Pac = (V“fvmm) Jca
5



PO( - VCC CICQ‘*'.Ie,)

POg = VCC TCQ
(VCL' :-/miﬂ-) J/C Q

Vee£ca

n'.lo = Vu-Umm X SO ./
Ve o

- 1£ G pond T3 exackly ok cenine 3
makimum  pgible  fhen vmm =0 & efficency ot %0Ye

achiéved

Aile = X LoD

¢ignat v antadion O
con e

Traas foamen. coupng ats 1) greatvt €ffrcrency becant € -

© Powen oAiSSipatron 0 pawAty windmy S 2P

Q’D De Powert Acgstpation <O lood 3 20

Aeplrm.{('on
Cclagt A tnackfornmen coupled ampliRen {g wed a4 aqudio Praquency

powerr amplifiea

Clogs A puth pell Ampiifiea

= 1n push-putd aarangement , w2 4wo identical 4ransisdors T, & Ty
have thein emitklen +Hnminaly Thonted -



- Tw thpud  signal ©§ applied o +he taantisfo2d Ahaough fws treans forumee
Ta, whith peovides opposit polaaity Stgnals o both 4t tzanyisto

boses .

T T otk 3 collected Prom the sutput Anansformen Tey, - The
Pamany ¢ twit bhaniforemea Ta, has prm.d(CaLllJ ne de componeni
Thaougn (" The thangdteas T, & T, have thairt Collectons coanecied
fo i pumany of tnantfoumer To, So Jhat hwin Cuanuntt ant
eaual tn magnitud® & Plow o opPPoSike AineckiONS thaouwgh
e  paimany S Arancfoamet Ta, -

- when the ac mpad gignal T3 apelied , the base  of tensTloe T,
T mone  Posihve while 4me bese of dnanstion T, 3 leAl posive.

Rence Phe colledtor  cumnent (6T frandiSton T, (NCaealeq wh 1L
AL eollectort curtnend e, v AranumtioT Ty decreaser - These
Cunents fow 0 opposite dinections N two halves ¢f tht patmany

of ewkpd tnansfoamen. r The Flux Produced by these tunreni® wit|
alto be (n opposite dinecdons.

- Hence e veltege acnoyf 4L lwad will b Mduced voltege
whose magnitude will be proportionaf o 4wt diffeence of

Celleckonr (e nants A & ((:c' — ic‘:}

- Bomilaaly foa the negata@ «apud Snal , e Collectonr turnth |
cq will be more than' ie, . Ty tmis Case e veltege developed
acaoss the load will again be due fo e drffenence (e~ €ey)

)

AS ey > e, , tna polanibhy ot voltege WNduced acaog ¢ Aoaot
will be mMeveased.

(c, - L(z_ -~ te, + c-"‘z)

- The oveaald opeackion resudds 'n an ac voltage -Cn duiced
10 e Seccmdama uf oudput huM'@Oﬂ-meﬂ- & hence ac powewr
S deliveresd 4o tnat ood .



RICNY

Durzing ANg 9ven hau€ cycle ot mpud Signal , One traryitton
s being driven deep into conduetion while e O her be.(ﬂg

NoN-Conducting - Tiy paemonic daloativg m puth puil omplrfien
t5 miNiMized uch Aot all 2 even harmonics ant elimineded .

Advanktages

- High ac¢ owtpud s obl;a,med,
= TThe ouwtpukl free ﬁwn\ éeven houzmom‘q-
Unao&vang.a_.,c

- The hafonnen_ wubed Cenine- topped . €9 o+ 1 bulky
and cosqly .

* conversion £Lfiiciency !

= Convension eHiciency  olegearbe $ Hag

ability oF powen ampirfren 40 convery De Powen 4o Ae Powen.
MasnematTcainyg AC siohal powet Fupidlied to Load

Dc Powen dnawn faem brasing Supely

' U o=

* Figun.e v meait It © Awa rakio ot mMaxdonum powee olizsl podm)n

iN 2 mangrston & maximum A Srgnal Powea Which Con pbe

Supolied o (sad Po max
(F 'P.mj




Cles§ - B puh-puld  amp\ifren

——

= 4f Ac @pd vy 3 apt applied then botn 4rongts boas  remaing
off 0a Yhiy operake in cudoft becawn? De Voltage bekween
base & emttten s zeno . Hence powen ArSipAon of macsfoamen
will b Aeno (N abSence ¢f AcC caput .

" When AC mput T applied , e Voltages appean at g
base of @& &,

- Since Secondany wndmg ot eput 4nantfoamen T, %
Centre tapped ¢ voltages Whith appean ot B 4 R, ouni
€aual (N magnitude but Oppesite in S9N .

- Duning 154 holf cyore of Ve wvoltage (S dve ot 2, &
-Ve at By . Twn A, S%laats Conduedling & Collector cuaneny
Fv 0 drawn #eom Ve whene Q, remains off |

" Ouamy 3nd holf eyele of v voliege begomes ~Ve ol B, 8

Ve at By . Twtn R, becomes ofy & @, Sjaets Conduciron .
Thene fora Collecton tuancn Ca. (Y deawry dhom Ve, .

- Ag I, & (o one ¢n opposi K oragctron (n +hae priMmany
wending of ouwtpad Anangfoamen T, , 4nt nBulbing  Curaend

thaougn R will be hidiaectional on Siauso;dal »
7




.
Ly A

s

/\/\4,

Lekli-e) 4 | ,
\ v '.

— \/ B
« Moxomum efficiency of clags-g Push-Patl amplifren

Advantacge

(X g5y,

= (Mreaten effrciency
- Xmallen Figune ot mealt
T Huitscend powes. o8 padion 3 zeno

D7 advantage

St B pumputl  ompirfien cawyes cnostover diskordren (N 4he
Owhput Sonal -

\

Cﬂ""“""&t otoad pe |



O Tank ciecuii - It consists of indwctance coil L connected &N

2 Transtthon AmMPIFieR o Thy taanscston omplifien receavts de powse

Oscillaton

An electnonic ¢rreait whith genenates Ac output forry
: wave witho
any exttanal A ¢ mpuf - h

Tyres of Ananssioa Occrllaton

© Tuned colleckoa o scillatoa
@ Harettey oscillatore

(@) colpidts  oscillaton

@ phatz sShiff oscillatort
@ wien Bridge oscitator

EsSentials of transistore  pgcillaton

Treaoki s{oa
| Ampli fier

I eed back,

Networ K|

Pacallel with Capacttor € . The Preauency wf oseillapons N
L cinad'd depends wpon e values ot nductance of e
C,o.:\ and capacidance of the apactto’

Pabm WL batkeny and  Chonges o M0 AC POWET for supplyng

o twe bonk cinuait ¢+ The oscillationl o Ccaning M e taak Ciaouit
ane owplied to o Mput of Ha  fnoursioa ompitfien - Becawse of

twe amplifymg Propentes of hua 4romiston , e Yk intreased
butput of 4neie oscillations .




@ C‘:eo\\)aCK Ginnadd © 1y feedbalk Clruait Supplied a pant ot

Collectorn €nergy |t e tanke Clrodit en connct phadf  jo oid

the ©scillaiitn <& ¢4 paovidet positwe Aeedlsack .

Pank housen Critenion

BankhausSen tnifkaion 3 hwal o padea 4o prodsce  contnuow

unclamped oscilatuny at e owput «f an  amp\ihee , the positve

Peed batlke Snould he Sach that -

AB =1

- A is P loop 9ain & (3t feedback Hactort .

TYpPes o Taansrston Ogcillate m

@ Tu(\cd Colecton OSCillalon

- £+ contains faed Crecunt , -¢, iq e colleckon . Twe Mq,uencJo-{
osclladaly depends  upon the values of L, arcl ¢ & *‘n(qp(.f\cj

vf ovciladans 5 given by
" |
' lf ’—""IL.C:l'

ﬁ%}l .
‘—X“ &y g

-~ When  Swifch 2 O3 clesed ( wllecton cunnent Stets NcaLaget
angl changes 4w capaction €, when Wy capaciton o3 Feully

tharged , ¢t drichanges through Cotl L,  ,sethngy wp oscillad@n. @

e h\ |




- Thase orlillaten  racluced gome voltege in coil L, by wmatual

(nduction. Twa freavency of voltage ©n codl Lo ¢S 4ne Saml @i

that ¢t t4ank Crnwacy buk ¢t magnitude okepends upen tha Numben
oF taans 57 Ly gnd coupling berween L, & Lo -

" Tha veltage acners Ly ¢S appied bekoeen base and emttten
and appeans in ™ ampiifred Foam (N P colleckor  Covzenlt |
s ovencemmg e losses occuning ™ the ok cmwid -

-

The numben «f tuecd of L, and C.ou-{"l"‘a between L & L,
Ant So adjuitesl fak oscilloatmn g acectt L, ane oamplrteed
lo o lever just Sufircient to Supely loeses 4o Phl Adenk Cmemd.

- A Phate FhTH ¢t 180° X cacaked berween tne Vo l\tagey of L,
ond Lo clue fo et formen atkon « A furtuia Phoge Swidt of
190° ‘awes PpPlace belween baje-emibden. & Collector Oinewit due
10 AnaniTion paopenty . Ay o agudd , jwr enenyy Padbaci
Jo twe Yonk Cmeutt 3 Cn Phatld with fw geneaakes
ogcillahbng .

@ Harttey oretllaton

The lonk Clacwu(t 3 made wp gf L, yLa and €, Twg

: ﬁemxenca
ot oTallatdng 3 gwen hy =
£ :
k T Lea = Ly, t2M
™ 3 Mutual Thductance
r Ve
e

R .
i Q,; 3
2
9{% L
= 2

]‘_Cc

o
-




~uMen cnadt o5 duaned on, Twe capacrton. @ chanded - When s
Capaciton. € fally Changed Tt didchangey aowgh codls L & Lo

S’e,dmg up oscilladtng .

- The owdput woitege of hu ampideen appeans acmoss Ly & Peeel back.

Voll’&‘jQ acnos L'L

« The velteqe aenep (4 5 (80" otd of phoade with fe voliede
oleveloped 0BH L, (uew) « T+ 3 easy ho fee that vo ltoge feol b .

(&'-4 veoltage a cnoss Lr) o t2 drangffon. provides potitoe Pecdback .
c

B
?’f L - n
‘VM l-l LL V-f
|- +1

T A phage ShiPt ot 1go® s prodwed by the dtangitior and a Rurttun
Phate Swift oF 180° 1T pwokced by L,-L, Voltege dividen .

Colpett’s  oscillator

The tank ctrenlf 3 Made up et € ,C & L . The Fuauency op

oscilativng R gwen by -
[ Ceg = 5%
e CitCo
f Vee
% RF choke




~when e cinaedt 8 fremed 00, bt Capacitoes ¢ & (o aat chaadged
T capacitons Anchange thasugh L, Sekhng op oSCillat@as:
- The Owlput veltage ot the amplicleen appeans acaetl ¢ X feed back

Voltage i< oleveloped aenoss Cqpv Tht veltage acnegs ¢t 3 150°
ok ot phaje with the Voltage oleveloped acnoss ¢, (vow) -

- A phate shift 6F 190" 03 prodiced by ha trastor & o fucihir
Phase shifd of 190" S prediced by Ci-¢q voltage dividea

Hence  feedback 3 propenly phoute 4o paodiiced € ontrnud Ul
vndamped  egertiaten -

-+

\%’Jﬁ:c, C;’ll \1;4,

—

@ Phate Shif4 oscillaten

- Tht phoie Shifd netwonke Gnits uf bhnee Seckibng B¢, N2l

& RaCa
- AF Somt poadicelar taequency £, , the phate Shif} in each RC Sechen
0% Go° 80 that At total phage- Smift prodaed by fe RE Netwonrl

s 180" Twe Praquency of oscillatons S gven by *-

{’o:,—-l—“ J Q—\:V--{_:p‘S = R
LT RC




~Wwhtn g crrewid oS svththed 00, et prodieas’ ogcttladfta g,

- Tt odpd €o of 1 ampittren. €7 fed back to RC Aedback
Nawonk . Thit nelwont Procuces a phase ¢hify of 180" and a
voltage g; appeans a4 K outpud whith O atelied 40 the
ttantSton  amplitfien -

= A phode ghift &f |180° 3 proditced by the tnansiion amplifen.
A fuapun phose enift of 1€0° 3 pnOcLN'Qd b-a W RC netwonk.
As a megult , te phote Shift acound te entine loop 3 260"

Advantages

- [t doex not requined trantfoamens o nductons
- It can ke wed to puodkice veny low Fuauentid -

- Tt cmewrd provide$ good Frequency Sability
Dfadvanta geg

It © At B, e cmaddd to Stant ofcillation S ax e feadback
3 genenauy £matl |

T Tht cmandt QNS Smald  vudput

&) wein Brudge otcillaton

-1 6 a two-Stage amplrfren with g b ickge ¢iraudt

= (1, S
3

C3

1 Vi

kit




F"Lu\,uenca T osdillartun -

11 -z
Ci=z= CL=C ,bn,

g
21 RL

- Whin +he
2uanid 3 Glankd , bardge  Crreatt priockuces  osciilabva.

- Tue two fmangrsfens prwodice @ botal Phose ghifd of 300" 30
twad prepea pPosiive Feedback. O maintacned -

Advantag<s

- [} gives Cadiant pudpat .

- Twe ¢t wonks ouite easlly.
Twe ovemoll 9gam & high becaautld ¢f two treansiiton

3 st oscillayory can be easlly ehanged by

- T Lacquenc
using a powom-

Oryadvanioye
- T Cinuwt requines kwo inandrstons and o lange aumbea «f

Com PoNenis -
- [+ cannot generatl Very hrg h 'ﬁvzqumc-a

N




Fiad Cfred Taamimlon ( FET)

A assificadron «f Fer

feT
! l -
JFeT MOSFe T
(Funcinn Feedd €ffecd Tuansicloa) (meta) oxtde semiconducion. FET )
|
e — (
M -Channel P-Cha r SO
' el Deplediondype Enhonwemand pe

l""'_jﬁ &l l )

N-Channel pP<hanne N-“Channed P-Chanaed

Advaridae o CET over BTT

f

FET % tepg noq'\d Wﬂ - BIT
= It exnip:

F no O‘F'Fga voltage at
MaKLs an

€ catent Srgnal Choppe |

It ot highen gw?kh?c\a Speed
- I+ Wog longea ;i pe % high cﬁ:czemy.

Juncton field Effedt Trancrchon CIFET)

A TJFET €3 a three Yenminal Semiconductpn devite .t Whith Curaen
Conduckion & by one lype of thange Caanien e elechonl eq holey .

-A JFET Censishs 3’1- Q P-HPQ o N~Mpe <om; »

PN Juncions at the Swes . e baa fonms tne condchng channel
foa thae change Canngers .

- I e baa T3 of N-t4ype, (+ 0 Caled nchanned TFeT & L o
s of p-lype, 4+ & called a P-chaaned TFET . )



A TFET her ementially three dtminals f-

@ gade Con)
@ Seurice (S
@ Drain CD)

Dracn (D) DrainC DY

AN G
GQate Gate
(&) &
‘l Souacec_g) [ SQunLe CS)

: FET )
(n-chamer 7FET) (pessanet @

- The topat crnant 6T & TFET @ revene biated . ThiT mean
tat tn, device hat htgh enput Mpedance .

- The drain 4o fourte 3 30 bised Amal droin cuaneny I, Ffons
fiom e Sounce 4o drosin -

T I all gpeq, , SOUNR Curnent Ty % equal 4o e deamn Cuanend (e
Is :Io i

S s

( N-thanney JFET ) (P-Channer TFET)



Prunciple of operakon et IFET

ConSiden an N-channel JFET

= TW hwo PA junciong at e Sides Poamy hwo depletion lovers . The
Cuamend  (Cenduction by Change canmiens 3 huwagh e erannel between,

e tege clepleiion layens & owt st ine dwain .
The widin & hence e

Mlane &1 b\ Channel ean be Comaolied by
C‘)\angif\ﬁ e

MPud voltage Ve The gneaten twt fveage VO lage
the widen well e te depletinn layens & nannowen will be
he Conditchng  channed . The narrower Channel ™Meant gaeaten

Vg o

dtance & hence Sounce +p drian annt cecneases . JF Vins

d“% cwnde channes regulis ‘Smollea nesistance & haned

Roeuwace o cdaain cuannend (NCrea ey

Thinebone FET ppenater o 4w PRINCPIR. dtnak weddth and hence
sistance ofF 4w onducAing Channed Can be vanied by changing the
evease voltage Vio. Tha maqituole of drain curment Ly can be
Changed by alfening Vo .

WD'{KH\?

- When a voltage Vp, o3 Applied betueen derain 3

FOUUR  Jeaminal ¢ g,
Voltage on he gate ¢ Lo |, tHe o

PO Junckons a4 pig Seley o ing
ban esftabii), depletion Laveas .



- whan o revense voltage Veg 15 applied betuxen e gete & Soumce |
Twe widin v tu depledron loyens 0t tnCreased « Thrs madulces 4wt
wedth &f conduciing chanael | thentby (NCaRasing twe auttfance of

N-t4ype Bar !

- B0 tue cunnen) faom Qouce 4o dracn 3 decrreased « [ pno rovense
Voltage ©N he Jode 3 decreaged rAnl widby ot thg olepleton

layeres  adgp decreases - T INCrcate] A widin ot fig Cundutting

Channet & Wence Qounce do drain ewanend .

- Qanenl frem fonce fo drain ean be Coatnsiied by hd appliaton
ot pokendial & Qecnie freld on te gade Thonefore 4 devrce
Called Freld €ftect frangrs tor .

T for o pochanaed TRET  Cuanend Coratens will be Ao holet vnafead
ol eleckons 3y, Huw polanifres A Vo & Vps oL Meveaged .

Penen off voltage Cvp)

It &3 e minieum  oleain- Sounce voltegl. et whith tne deacn
Curnent  LASendrally becomed comtiand -

8 hDCk'Q'_‘, EWM

[Io = fosc(""%’; )LI

Paramens o ¢ JTPET

@ Ac drain neiridance
@ qMM c,or\duu-once

@ Amplificairon facton
@ D¢ dearn netrtfoneg




@ Ac drain neictance Cregh)

1 5 e ralio f change ¢q drain-to Pouect Vo ltage (AVig)to

™ change i daain cunnent (A1,) ak conitanl gade to Kounce
VO“O-&Q, AR

2 . AV
ac ceain nytlance | g = ot Conslond Veas
A I,
- I+ s also called dynamic dnain rertance

(i) Taanseonclnchance Dm)

I+ T 42 nario of Change in olrain cuanent CAT,) 4o e Change

tn gode-Sounce vo\lege (AVas ) at constant oleatn 4o Sounce
Voltege ¢ ¢ '

=3

Tranttonductance 9, = Alo

at Constand Vog
A Vers

() Amplihicaton Facion (20)

Tt © e cako of Change

¢ daain 4o Source voltage CAVy )
4o Awe  thange

IN qake +ov Sounce Voltage AV

) ok Ceslang
Chaain Cuanend ¢ e

f\mﬂrfmt'\ ’PQC‘O‘L; Moz % ab Constend T
A Veqg 2

;@ DC dram rerstance (‘p\og')
g

© 9Ven by te nrairs of Voltage (Wge) 4ot drain
Curtnen (ro) . Maa}-t\emakrcuxu ae dnaryg reearstence |

Riyg = .\i?_’.
Toe

It v oMy caled e Stdre o ohmic raTHaace 6t tHae
Cwanner -



Reladion Cimong) e Patamedens 6F FET

e

we Know
g AVpg

M = / ®
AVus | 16 =conctand

Mulditty & divide by Asp in e (D

Row AVs o AT

. e—

AVes AT,
Moz &L’g x A%
A-'[0 AVMQ‘
'LM - 4 X Qm

Blasing of Jeer

@ Quade bray crrewt

*Vop

Voo + Drain gupely

Ve, ¢ Qake Supply

ace T4=0 | Thwae will be no Nolttge daop acress Ry, -

kvi at ifp LV“G : \/qa

v U
we can find the value of In “Prom  Yp=1logg (\- ..\_/".Li)
v

Vv ‘
KVL at O/P . '-VDO+ IOQO*VDS ~o

=) [ng‘.‘- VOD’IDRD\




@ Sedf Bios

Rs : sef biay raisioc

&T“:O)

el Sl Tea Pea TVeas + TR =0

LVQQ = =T, llq

Vg \2-
o = Toes (\- ¥

e ——

Ve

KVl at ofp ! Voo + ToR» 4 Ve b s

=) \Vos = Vop "IoCﬂo*P;)—\

Advantag g

- 3ingiL bragmg Supply (T needed .

¢ et
= Rargton 24 coutes -Ve feedback which hups N kecpme
Orain Curtnend Stable .

Dﬂao\vanM{

ain ,
- Negahve Feedbatk Medumces wvoltaor gain




@ VD‘*"-Q’& O(VI'OLQ(L Bra_'

e )

| Voo
R Ep v, | oy
S Ry 4Ry
s Cvollege dwition
(20 4 i
o
Vg = V- Vg
.Vc\s = Ve = IpRg (Vcn: ?‘%?;>
kv ad ofp

=) Vpe

2

IDRO-I Re
vD§ = VOO— ID CD.\W




Openationad Amp\ifien. (oP-amp)

- Tk 5 o odinect Coupled amplifeen havng  high volege gairy -

- Ik can be wied to penfoam matemadital Opeaatns on analog sgnals.
Hence ot (3 called openational ampirfren

= Opamp T available o4 1C %4 : (reneacl pupose ©pamp IC

. Vi
Non-mvedma
+ O{u?u.t
A A open \oop gain
Jﬁwuﬁ\a v

Openadional pmplifien Srages

~1¢ 34 inteanally  congrig of 4 Shages -

~Vee Vet

- Input stoqge 5 ouel dnpat | bolane oWpad el Benentlad amplrfien .

- Inteamedrate <tage T dual oput , unbalarced ot dr frezentral amplrfren .
- Two diffeendtal amplifien ame wied in g inknrnal it ¢f 1C J341 4o
achieve Wgh velteqe gain & Wgh cMmen -

CMRR (Common Mode Rejecdion Radio )

4 S the ratio o Jdffeacnital mode gain o common mode gain

o A
cMRR. - TDM
Acw

- A level Shiftea © wied @35 Zed Shage fo eliminate e DC bras
voltage pazgend (N okput oF  inktam ediafe Sage, -

- Oudput SYage (3 a Cpmpkmhnn Symmeiny  puh pud power amplifien.



Diffenential Ampiifren

- It B a ciraat whion amplify the  difference «f  jwo onpd volteges.
- I+ showd have 2 tdendical Aransitioas .

Two bta,gfr\a Supply «*Vee & —\f ane wied 4o dpeaate e transition,
N ackVvE region |

Balanced ouiped

i

~ It S meagutd berweeny two Collectons .

Unbalanted ouwhput

¥

~ Tt © meodured bekoeen one collettor & gnound .




Level Shiflun

“A Ceat whith Snifts Wt pe  Voltage level 4o zemo volk e it
eliminates DC voltage faem a Srgnat

A'A 1\ KRADC Vv
. Ve A AL only
o teve
hifhoa /.
-, wY NS 1
o

Prwpeaties of Tdeal opamp

© Ofen loop VoMage gain & s . (Ao =¥)

@IAM WSThane (8 W (€ uarents ol zRrO-

G Ouipt msiThance [ Zeao -

@ Bandwrdih T3 e (e 4 can amplify Smnal 6F any freauency .
(B Common mode M&jeckivn RaitD (eMpa) S b o

© Slew mafe TS ¥ .

Slew Rate

The maximum Rate 6F Change M P owrput oPAMP (5 called

ai glew natt -
\fuwnm ‘=( ::° )ﬂ;\

“unit of Slew rake 4 volt [ucee

Cauivalend ciacuid of opAmp

Accondm.d O e volwer A Ri & 2, | deal oPAMp
amplifien on voltaje degendent voltage gounce .

(olead voHa ge




Vitiual Shond ciecut

When  Opamp S {n  litcan LGN |, drfezendtal toput will be very small (V)

to zerwo .

vazo »Movi)

- The dwo NPt derminels ¢f oPAmp will be apmexivalely od eauaf

Voltage withowt any phyical Shord Clnauit - between them - Hence thi ko
Npur aminaly ant Said to ke me“ﬂ ghonted -

virtual Gagpund

L# Virdual Shord ciradt @ peegent bekween Awo node A .35'@, ond i f
node B S prysically grouncled thun Volage at node A also becomes
Zend 02 node g gels Vimhually grounded .

- 11 o node Vvoltege beceme Reap withoud Physically  groundel, Hien
i T Colled vrniual Queunol .

open loop oPAMP configuaation

- Hewe 4o owtput Signak & not fedback. (0 and) form o3 paet oF th
fnpat Srynal .

- Thet 0w thaee openloop oPAmp | Confrguaston

Diftecenttal Amplrfies ‘

tnpuk— ST
Rince Twe opemp amplifies we diffeaince berween dnt fwo g 9
Anig confrguration 3 Celled fhe Ai Breatntrael ampirfren .

* v
[=]
Vi -

o
V' @ g V‘_

e

Vi = Vi—Va
i (V" Vo .

‘ Ad ' Open \oop 9aN



Ioveding Amplifiea

1f the nput 3 applied 4o only mvmmva tereminal & non-Dwvzn.Hrva_
teuminal ¢ Jwunded dhen bt OO caved mve.n}m% amplfften.'

L
Vin
Vi=0 v, = Vin
Vd' Vl*V,_ = —Vf.q
Vo » AdVa = —Advin

Non (nveding A'“P”f?eﬂ-

I oy Lo frguaatron & fhe tnput voltage O appied to non- inventing
Yeaminal © anel verding deammal srzounclzd i

Va = VWV, = Viq

-

In open op (onfrounaiion any nput Srgnal Slightly oneaten +than
#n0 , i druves He owtpud to Satuaatmn level . Thrs b3 because of
verty htsy\ gain .

=~ Ths when Openottd (n CPen-lO0P . e output of 4ne OPAmP X

€ithea negatve o pog:,}we Saiuaadion ot Fwitohed  bedween PoSitol
& regadive  Saruaation levelr - o



APPlicadiDn of oPAMP

open Lop

- OPAMp whin (n open Wop acts ax voltage Companator -

- Hert OPAMP S uted withoud Heedback .
CAosed loop

Negatve kedback @ Ampliften , mathematical gpeaativn ere
Posidive feedback ¢ Schmat tnigger , wavedoam genenaton & o%illator

Negahve feedback Applicatnn of 0PAMP

Assumptions wed in L anelysis of OPamp (n negadive Heedback -

@ opamp T in Unean rwgion § jence 4wo et dorminal witthually Shoated
@) Twe 9pud cunmnt ¢F OPAmp ane negligiblke .

Investing Amp i fren

in inVen_’frt\d OPAMP mput 8 applied ax negakve termmonal
= 4
f

AAALL

RNy A [
Vi 3

e v

Apply KCL at node A

I1+5p =0

Accondmng 40 Vittual ground onnecten  Vy =0 (A¢ othenr teaminal
IS 9rounded )




Non lnvuuma orame

ln non -‘qve’n‘;‘-r\a Ophmp rnp;k (94 QVD\iCd ad POCK}\VQ “Uu"md.

= v
R
e T
- e VO

Atcoridng 10 Vintual greund CoanecHon , V, = V,
Apply KEL at node A
[ + Ig =0
-) O’VA “+ \/O’VA
=
:> —_\_/.‘_‘ <+ Mg "\_i‘l o=t |
R o S
D Ve _ Va v, l
e T o, 2Va C"ﬁ.*'i.#)
;) Vo = Vi Re (IHR; )
Re
—/) E/o = AN I ¢ e 72
Z ) Af = |+ E{
Veltage {ollowen
v, Wee
V‘ | VD
E 4
Mcoadm.Q fo virtual greund Cennectron , Vi =g - a S0

AS owrpat T3 Choadee | V,; =\,

eom ©5®  [vy =u; |

- It T known ag voltagqe fo\lowen becawge owpad Follows pat (-¢
equal .

-~ It 15 wed o8 a voltege buffer in e pPradlical electnoniC Cincwif .

- D

Ao



Diftercendial Amplifiea

e
Vi 'R
- AA'A'.L V-.— S
V v - VO
s p
By
v
Case-J ! (ef Vg =0
of
o) &1,
=T p_V; " Ve,
—

“

v nneckinn
Attordmy 0 viztuad gaound co

VA R.f
Vi VvV, =
Apptvma voeltage dwilion muwle at ‘ e
KeL at node Vo | 1‘+:£ -0
_) O'V-;_ + VO‘ "V1 -0
Re
) =X Ve Vo -o
L = 2o
ﬂteg
. Vor = Q-f V-,_(J—-Q- N) vy &gc )
4
) Ve = Vv, (H’__) 5 V‘C‘*w_—;-_‘)
- ptRe
& M = VA( Rt ('p. )
:) Vo) = Vp % —_— @
Catell & et va-0
o | 30
Vg _1_, Vo l“\“’L

Vi

s



Accondrng 0 virtual

V.:o,,’

kKee o node v,

geound Connectiun)

V| =VL

I +3IL 20
:) VB"VL + Voy, =V o~

P ng
9 Ve & Ver
D = oy

=) Voo = "Eg

from equating @ & @

Vo =

Vo =

Voi +Voo

Pg Re
Va X -

—

&

B‘E‘r‘ LV{. - Vgﬂ.

- Af Pe & R ant
Suhbtnacton-

eqmal  then W" = Va-Vp |  whiech T3 a

Adder USing opAmp

T
v, A —
B W

fo

Vi —an=2
e

.’—I-"'l
Ny

'

Accordivg fo vintual ground coenectdn vy =y =0

KoL at

node Vv, !

Cxtfav - *In+Ip =0
Yt—’—_:dr\_%-e !&'-”*Vr?:#:o

(ac)



@I? Rn:ﬂg—:-";‘zﬂ-ﬂfzp\’

(Vo ==Ma Vg & - -+ — T+ T3 on Adcer .

@) 1® Razpg= - =Ru=ng kR

[Vo = -k v tvg+ )| 9 TE T A Summing Ampiige
-\ .

-[“‘ka‘a'm.iort USl\nﬂ OPQMP

It coneiTds 6T a MUTlpga ot Npud Side & a capaciton ad FPeed back

networek Ct
__&T:u_\_
w——{™
Vi o b/ L“—‘ Vo
1

Atcondmg 1o Viriual Qround conneckvny , Vy= W =0

Apply kel at node Vo 0 T 4 fp -0

Vi—Vay +qo{LVo'M) ol curatn) acreH

2 A, At ( Capatitoa )
A 4_"_

5 A oagpdve L ¢

= o+
=) Cp M - - Vi
THR =
5 v oA v

oy " Ct

- =1 :

.) Vo = "—*'ch gv‘ ol +

“Owkpd 8 infegreation of  (aput Fr9gnal . Hence kI knowa oy
Indegyzatod .

N



Ditfesz endratonr  us “\@, oPAM p

v congs4s i a rnuttoa ot feedbalk netwonK & a capatitor at
pee Snput side .

ng
C I
5 } K
Vi S
z =

Atcondmng o victtual gaound connecton , Vo=V, =0

KeL o pode Vo L 3 + 5P o

- outpuk (S olerivaavl  of onpd Sanald . Hence ¢t of Called DifLenwntredon -

)
O In e oPAmp creewi Shown in Fuguae fomd twe outpel Volfaye,

1K 4k
Qv
®Vp
Qe
2y
Case-§ (only gy U8 Cengideaed )
2K 1K
Eal | >—
= <+ .. —s
Lv—{ Vo
v



‘\/ol =
= (1 2=
= 4V

Ver = Qv

C 4 T )
onl vV
J & L E.
Ong 'dél!.ed ;
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