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PN Jowch e as a Diode -

The essent—ia[‘ electnical chonactesnighc 01L a

PN Jonetion 15 . thatr it Co'"vi”SHﬁ-u“ces a disde which

Penmits  the . Casy Flow - Oxl fomnent ln - ene  directioy

ond  Testricts  4he flow o} . Gwnent  in opposite

dueckion.

)
s

Ddiode Symbol ‘¢  migsde Sqmbel s Shown  wa -ji\amke
below. 3
Awncde | cathede
N -0
LT

the  P-type  awnd n- type ﬁea;dns ane %@fwed to
as Anode and Ca{—hode ﬂesfga%iveld .

The Anrow A Bre Sdmbot ndicates the direchom

0{7 easier Cenvenhtiowva l cunnent Flow.

Cpernatiow @l, PN junction Dicde

() Fenwand Biag '

————

—_ whew  the  pesitive ternminal o} He bo:&e,nd X3

C"—"‘“ected to  the P‘*‘dPe and  the V\e(jq{—ive ternminal

ol the battend 5 commected  to n-type ol
Pu Jonetiow  dlode, +hen 4he bilas “is Said + be
Fonwond bias

= A PR joneRom  with fonwand bias {5 showw in

?F'éuke below - ﬁ“/_]
J—

+ -
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{:;a)_ PN govetion with
v Fonwenad RBiag

~> when the PN jonction is  fenwand biased , as Lcma«

a3 the applied \IoLtcxae_ ‘ls less  thawn the bannigs
pstentiol +thene connct be any Conduction. |

- when the cxpPUed \/oH:oae becomes none than the
bastnion potential , the V\&aq’c‘\ve tenminal OJ_ Baﬁe"a~
pushes the free eLeaL—nons &aqinst— bonriest Ppotential
fron W to P neﬁro—w. s‘\m\LomL(Lj pesitve ‘tenmival
pushe s the  lheley frem P {b- W ma\'cm. f\,\_u Lmlgs

get Tnepelled by Ehe pesihive tenminal oand  cross
the Jowekioy éﬁqins’c the bOJ'LJ'LEO?L.PG'tQ.V\‘HQL/ ¢lectnony
aelcs nepelled by the V\E@QH\JQ tenminal awnd cross
the  jonctiow aaaivisf the bannion {Nt%’d&b Thas  the
QPPUQd Vol{raae ovencOrﬁes the bannioa—.,. Poi‘entiab Thu
nedvces the  width o& the de/oteb'm,, %«aéu‘cm.

—>  As fonwond \/ol-l—oﬁe is iMCJLecxsed, at o panticulan

valve  the  depletioy meaemn becomes Vend much WMasinow
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Sucly, that Lomae nunber 04_ ma o t-d cl«cma e Casiesy
Can  Cross  the Juncktion and  these mogom-l—d Comsueny
Com  tnavel anound the closed eincuit and Coenshitute

A Cummnewnt =cqtléd fonwand cunnent-

- The fonwand potential at wwicwh the Potential

bamripn - acress the Junechew s Comple a-elﬁ, eliminated
ond  allows +Hhe connent to  flow {:\anoua\,\ the
Junetion s colled cot-in \/ol%aﬁe (em) threshold

'Vol-k&ae ol PN Jonetion diede.

— The cotin Vol’E&ae Lort 6& 1% a3y

— The cuvkin Vo l%oae for St.‘ s 0rFV

(2) Revense Bias '—

when the posihve “denminal o] the ba’c’cend LS

conwnected to the N ‘E-L.]P@_ ana t\Whe V\Qﬁo‘%‘\\]e tenmimal

of the bcﬁc‘:&nﬂ S connected 4:0 the P type of the

PN Junction Diode, +thenw bias Saia to be
J

Revense Bias .

A PN Jownetiew with  Nevense Bias 7 AWowwn in

F‘\ao:@, below:

N <i”i
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F-‘a‘. PN Junction with TReverre Riah .

—> when 4he PN jumehew 1S %evense bilased +he
vxeaqt—we tenmvial  attnacts the holes in the P_'ef&ﬁfcm}
awcd :Fwn') +Hhe Junekiown , The Pesihve  tenminal

abttnoct g the free electnownsg e He wn - fegion cU«led

Frem  the  juncHon.

—9' NO Cko:nae. Coruxiey. W oble +t  (cnoess H«evd'unc{-imq.
=~ /s electryronsd and  holes  both  move cxuo_&d Jaom
the  Juwetion  +he def;Let(cm ﬁeﬁimﬂ ws’de‘_ns. Hewce +he
nesoltant  potewnhal bosuden s tucreased tlaeh
Prevents e Sflow O‘L MCLJ‘MLU:H Corisitens ww beth
dinechons -

— thenefone Haeone%iuxubl ne  Connent Should  Fflew
ba  the  extemmal  Cincuit. Bot in prnackee | o Vend
Smoll cunnent 0117 the onder o)’ a erw mi’('_nc's

Am"bene,s Jﬁlows, owndert  Nevense bi&S;Qd Condvbioy |

e

—> Electnons fﬁhm‘vﬂ Covalent bowds o%, the Sem‘\cw_\éu&on



[ atomg  in the P and N type %edfﬁms mad absonb
sofficient ev\e-naa from  heat awnd L;al,d. to  couse
Bn&c&dkﬁ of Seme CloValent bonds. Hence electnown —
hele poins  ane CcmvamlLd pricduced . both the P
9\@,@{6\/\5-

> onden  the fevense bias  Comditiow  the Jchemmud

8enen03c@_d holas in Jc\zxe P—ﬂeﬁf® ane akracted
towands  twe “eﬁ ative +fenminal o} the b@&end onad the
| Clecknonsd . thwe N - %ea\'m’l one  altnacted towands

[ the pesibve tenmval of +he bad-bena

| —5 cwsgw@n{\a - the m‘\vxonilcd Comriiems ie. electnovms

i twe P—‘n@,alcm‘", and holes i the V\—?\e@ibﬁx\,wan&en
. ~

ovent  to +the jJjwekitm and  flw towoends  their

majcm'\td Coyuiier. 3ide, 8:\,:“8 Tise to a Small Jevense

comnent. this comnent i1as Known ag Hevense

Satunatiewm  cunment T, -

N Moavu‘d:ude o" slevense Satuvnatewn cunnent
MQ\V\ld depends upem junchion “tempenatune. becauwse the
Majost  Seonce  of VO ’cd Coamnsuens U8 %henmqua

bnokew Cco-Valenkt bowds.

As
—> Al keqdd mqjon§+d :F-LQQ Electnong :FA.Dn’) N - Side ane

Positive

;How%vx(j towaon ds h%:&l:&‘ o tenminal 04, ‘Odﬁend) the V\Q\Q\d
Libenated eleacknonsg will alto join with thue majoni-}d

one Ffonmed which is cemmonly called @GS dwn
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| avalawnche oL  fiee ele ctnans - Twis leads to the breakdew

L] f_'
Cof the Jumehov LP.&dm@ o ‘-."En(',r La-haﬁ_ levense CuAlew

. i baeak
e-ﬂm?_ nevense Vbl+cﬁ¢ at wwicdh the Junehom

dowi.
doww occuns s Knowin as Avalawche break
¢

Diede cunment quun-bfw‘.—

31; we  emsidern. the 5&nem¥im. and Necembination

of Camyiens n  Ehe de_FLgL—imq HNegi o , the @eﬂehak

eqpakion o) the diode cuonment is mppmmt_i.mq%elﬁ '
aweﬂ by

v/
rrxfe ™M) —e

e n g T = diede  cuommnent

Te = diede 7Meyense Satenotion Connent at Neem temp

= Frtennal *.Jm-?rnde applied +o the dicde .

71 = a Ceonstant [| fer Qe and 2 £on Si]

VT = kr -

'i néoo

, velt e;f}.;.ﬁuﬂehnf ol temp ie thenma) u’nt+aa¢

[ —23
whene k= Boltzmaw s Cowmstant fr-ag L (e Jj'p:)



1= Ckcmde of the elecknow - (8o X0 e

T = tempenatune of the diode Jonckion ("k)

Volt - Ampene chamocteriatiecgs of a diode |—

(VI chanactenistics >

(1) V-T chanacteniskics in Fonwand bias Conditiom

—> when a  fonwand biag VDN:o.ﬁe Ve is applied to

a PN jonetiem dicde | below the cut-in VOlkaae V¢,

the diede Wil hot  condoct and  the cunnent Ftow‘mﬁ

{s vend Small - Pncxckiccﬂkbz this  comment g assumed

te be zeno‘

—  The dicdes have o cot-in volta e o
thne ghold vOlkmae V‘& , below  WWieh

connent ig \Iesnﬁ
Small Beacrvxd Vg +he

Comnent  aiseg

Vesa %qpidlﬁ

—> Vy is _Qp\wxcmjmo&ebd 2V Lor Ge and 0-8v

forn. St

— A3 the Sforuwand biased VOltaae Ve is 5neod—en,

than  the  cok-in voltage  V; , the potential basutiaa

acnoss  the  jonetrion ) c@mPLe{—e_LU elminated and
\/en_tj ?Lqpfd\a. |

the cunnent Nises




-  The V-F chonoackenisgtics Ownden Qoswo wd  biosed
. . [« & 3 :

condikion 18 show i
conalt oLwn 1[:’*807\6- belows -

~Lp (me)
Vi — St
ge
0.2V 06 ‘v >
vy (V)

(: I « < \V\ ? V

tahewn o P Jgvnchon disde % Ne vensSe

biased , +he meac:‘c\\/e terminal attrnacts the heles

the Junction - The

v the P—‘?leﬁ\‘m/\ o.wo.a qcnom
Positive +enminal aktnocts the Afnee elecktnowms 1
No cl«aﬂae cagnen

n —‘he(j\’c—w oway  fnom Fhe gunction:

s aple 4o crnoss the jonckion.

ns @lectnons ond  holes both move'owgd

from e jUV\CHU"‘, the dePLu—\m ma\cm widens:

As AeF\eHcm ?w,atem widens | bannio

Petentiol acnoss the Juwnection algo increases: The
that

polanities ol bannien "}>o-l:en-Ho.\ ame Same as
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of  the applied vetege .

Howeven a  gmall sevense conment colled

Nevense  Sotunatew comnent Io Fflews acnoss  +he
juv\ct\‘cm due +o the Movement of m\na‘hifa Cl’lcu’tag

Comnniens dcness the JuncEltm.

Revense Satvnatiovi Cunnewnk s Yery Small

of the onden  of few Micno ampenes fon e

and Few hcmo‘l“\P@—TleS. fon S Pn gonection diode.

The ﬁe“en&{“m of mtwon‘d‘d Ch&’lﬁe CanniQeg
depends  on  the tempesniatune and not on  bhe
applied Hevense bias Vol k&ﬁe :

3} bthe  sevense bias VOH-a@e is  (nereased

beyend centain Lmit the  junetiowy bneaks deww

The V-T choanactenistics uwnden Aevense
| . . Aiode 5
biased condition foni a  Pn Junebiown )
Showwn n j—’,‘ﬁuue belowy .

(Revense Satunosttiown Co”lne_vﬁ:)
Ieo
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} x4

- o o —— —

, Te (P®)
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Prioblean !
A Silicon diede  hos & nevense Satunati&n  Conment |

of Tl na at “doom Jcempenq*cune of &—.ﬁc‘ calcu\atke
s fonwand comment il it i3 fonwand biased

with  a \/ol’cOﬁe of 0.3V

sclution ! givewnn  data
To = 7-:2xvo"qa/' vV = 0 FY
T= 29°% = 3k, M= & For SU
Vp = «E—T— - = ,,3;%—» ~ 96 mV
T 11600 11600

Accoand\“na to diede cunmnent gqfxqt\ow

V/TZVT
T = ITIo ( e -
- o7 |
T - 7-)9.x10ci ( e /(9-X o~o2.6) _ |>

T = 5wma.
PROBLEM !
A Ge diede has a 'chtuncﬂc}cm cuonnent  of.
I na ot aocc- Find | [ o) connent  when it 18
fonwand  biased by o4V Find the cunnent v the
Same  disede  when the tempenatune rises +to No'c
gelution ! Givewn dAata

Fon qe diecde "Q =

Iol - | hA = lo—c' a
T, = & ¢ = 90 +2%3 = KA3 K
Vr = T —— - 5. 0252V




’\/"b‘LQ-V , I: 7

Tr = NN ( QV/nVT _ ‘>

= ‘D—C' ( GQ'H—/(‘XC‘@?SZ) i >

T

T - 48 ma
8l T2 = no‘c 4hen T = 2
T,-T
Tos = (52( '>/'°J. To
9 - -
Ipe = R Y\DCI - 5|2xm?A
o}
At Ty =ile ¢ Ho+ 233 = 383 K
Vo = 383 - 0033V
1Negod
Vi
MVT
T = ZTen ( e -
0.k \
- 1x 0633
I—5!2xno?( e/[ )_‘,>
T - .
Proble
he diode cdﬂexen‘t 13 o6 MA tp\/\?_n the
is 4O0emV ond 9o g when +he
Asguvme

QPPUQd Vo\&aﬁg

&PPUQC\ \fo!t-Oﬁe

KT - Q5mMmYV

e

Q/

Selubion !

s B60 MV . peternmine vyz

Y
The diede cummnent T = To ( Q/TLVT _)>

oo
6.6 X103 = Ig [ e zsq)
( healec—\—'\vxﬁ \)




sco
Simlanl -3 =
Yo e ‘d 26 X 1O - Io( ezrrz)

Aften scmPlIFsina 'Tl = 1.

Diode Resi'stawvnce '—

(1) Fonwand 7esistowvnce of a diode

The esistance offerned by the Aiocde v
fenwand biased Condition 15 caled Lorhwand

nesistance «  The  fonwand nesisrance (3 defined

in  tweo w&as-

(i) B=E stotric ent D¢ Leonwoend hesistawnce CPF>

ff) Dynamic ont.  Ac  fonwand Nesistawnee C’Lﬁ)

o Ve (V)

’Fidi Fonwand chanactenisvies of a diode .

(1) static on Ppe Lonwond Tesistownce -

The sgtatic on e fonwond Tesistownee Ry 138
defined as the natic ol the Do Voltoage applied

acnoss the PN Junchow +to the D cunment

jlbwivxﬁ (:\r\‘hou@\/\ the PN JU'V\C;"}\CM :

Fornwond d¢ Volt+age oA ot peint 3

— —
- —

Ry = oc
Fonwand dc¢ cvonnent .




i) Dynamic 61 AC ferwand 7Alesistawnce -

T™he f1edisktoance offened
onden  Ac  fondibions 15 called danumia o ac
fonwand TNesistance oand 14 denoted by i

of the

appne X_imcrteta

stepe  of the V-T
. dv
e 7I_F = E

by the Pn Juwnch on

Choma ctenisties.

~vpon the openaHV\@ \/c\gc:ﬁe.
From the ode  Cunnent echuxHUV\ we.  hove
v
v
T = TIs ( e /'n' T _,‘>
bap@eneﬂthuwa the abeve ¢puaobkion wnt Y
dLT - V/‘QV-,— .
:5 — 1o e t
av R -0
7
/
Vv
= S‘E - T € T
dv
nVvr
:___> d_‘[ - Io + T
dy fzz Vr
Fonn o fenwond bias T >~ 2l and 9142 'S
by

> The. ddnam:c negistance 15 defined as the %eaiFnocQ\

The damxmic Nesistante & wot a cewstont bot depewds

7

we. 5&(—

8;VQV\




= The dynomic nesistance vanies invemsely with Cunment.

S At Neem -tempesatune and {fon DER

I X 26mv

np = - , vwhene T & v ma . +hew
e wil ke I OhMS3 ()
Fon o Sfenwaond connent of gemaA  the dav\cum‘c
Nesistonce 15 1.

Froon  the  abeove {3\‘8\37—1@
!
AV ]
np = = ey C |
AT AT pv Slope cavl Fonwand

of the oride n ovl few ohms jn  the opPenating

A€ 41 OWN .

(2) Revense Resistanece of a diede -

—> The Nesistawnce o{i{iened by the Aiode v

W\ o

nevense biased condibion 15 called KRevéense nesstawe

N . chana ctenisty
—> &eh@_nauﬁ the Valve 0‘1 710[ 5 \/e:nd LY YN\

(@]
VR ¢ —
( Revense W& AVRT A .
* . ATp ZQ
Voltas @) 5 ' Z -4 R R
d - %

Y

b (Revense
{Zra’. Revense chanactenisrics

LAY CumMnent )
(un)

The nmevense RNesistoance 5 defimed in two Ways

o} a diode.

() Static on  Dc Jevense Nesi3tance (R‘R>

(i) dynamic o AC 7evense nesistance (9 )

—



G.) Stoktic e gevense nesistawnce (RQ) M L
The stakic Tevense flesistawce Rg I3 defined

as the S%abic of applied Hevense D¢ vm%aﬁe to

Lhe grevense Satvnrnation Connent (Iﬂ;) glomtwa

*Hq‘noud\r\ the PN Junctiow.

F\pph‘ed Revense Dc Vol%aje 08
K, = — - -
R N
wevense Satvnoahov) Cunnent oR
(at Foivvb P)

Gi> Dynomic hevense Nesistance (9191> ‘

i

The  Nevense ddn&m\a fesidtanece iy s
defined as he flatio OJ— v cAe mental ah&vxﬁe W

the nevense voll-&@e qPPUed to  the conﬂesfm/\diuj

d\‘l\/\ge in +he Nevense Cunnewnt .
A VR chomqe iw levense \/ol-tode
P, = =
ARNS

c,\r\ow\@e Twn S nevense Cunﬂewf

Problem
A PN junctiow  diede has a  Tevense satumation
cunnent ©of 3cMA ak a tempenatune ol 195°%¢ . At

the Same {—empenqtune £ind the d(\jnqmic Ne sistavee

forn o022V bias m  fonwoand and hevense dinection.

Solutiown aiven Adoto
T = 3o0pA = 36X 158 A
T - 195%c = t25 +2%3 = 398° K
vV = 0.2V
Fost Ge , M =) , V¢ = T . _ 3298 - 0.0343Y




, v
we  hove T = Tc;'( o

/ﬂ_VT - >

Vlea\ecﬁvxa | S we 6 et

T To QV/QVT

d:peenewA—\a-\awa Wk veltege (v)

Y
V
4T 1, e [qur
av
7 VT
i—]:_ - —T‘O V/VT [ . r)’l: \]
av v €
T v,
' dI T V/VT
_— = _— = —_— e (sab all  thwe
\V;
?Tga av T voluLe s J
. = 336
we 5et 9'3(3
-V
1 C’I To - /VT
“Aﬁ — - _— = e
N dv VT
b 7"1 :
E:_'_chl,em '

. o nesgistance
calculate  the dancumc Lonwond and NeVENS

‘ Voltage i3
of PN Junckion silicon diode whén the opplied Veltage &

0.95v at Tz 300K  with 5;\/@1 Tp= 2MA -

Soluvtion | given data
]
jo - 2/Uf—} at Tz 360 K
y — o025V Vy = 26mYV

For St “2 - 92

7




dr T v/ v
;“ = © e nVvr
\"
NVr
v
Forwand 9731’_ = _C’IX_ ”?VT /vz\/T
—_— c
nesistante dI e
- 'Y
' 913( = e
2 x (o ©
e = 2423 n .
Fon hevense  nelsistoance 94,%"" e Vo —02sV
NV - / v o
An = e /YT ( After  Sobshtoting
Ty |
an vqm@_s)
?1}1 - 318 M N
Pnoblem !
The Votto.ae. aeness a Silicen diode at  7ee® temp
Hinough Lt
of 30c° K is &3y when 2ma Cunnent flows X
weatoses o OBV calevlate +he diede

al the Vol l—c&a e

cuonnent c&sswm‘\wﬁ Vr = 26 MY -

v=03V, ’{Z:‘L for. 8L,

selotien ! §ivewn data
Veze2é6myv ., I= 2m A
New 1 - Tg (ey/TIVT ‘) Aften .5obs+i+u-)w‘w8 all Veluies
we ﬁel— Ty = 284 x16 1 a.
Now New  veltege vi= o8y Aften $0b6-\—*|+\;1
= T ev/"'“’T - |> > T = 23 ma g en Vel




Tdeal Vensus P-nQQE‘\c_qL Avade

Ideal diode ._N\_o
Y The cok -in \roH-aae '8 zeswo: Snce fon an

baﬁnlon ‘Fot‘en’c‘\cl ) tHhos

ideal

dicde +hexne (5 ho any $mal

fonmwand bias Voltage cCauvses Cond v etiown Jclrmou(cjb\ the

device

2) The chm‘and Nhesistance ts Zerno

3) The 2evenmse Hhesistawnce s Wmfinite

4) The adlede ﬁe&diLa Condvuets  when fonwand blased

fevense biased-:

and Lt bleeks Conduvechom whewn

5) The Jlevense Satunatiew cunment Lo 3 Zeno

6) he ideal diede acts a3 & Fast dc':iwa electyonie

Switeh -
\ Re. :
Prnactical Diede !~ o——]l—WH-__o

OT%Q“Q s a . potevtial banrien acness the Jowekriown
7

and  this must -be  ovencome befone the dicde <ow

coenduet -
9.) the  cot-n \/ol{-Cﬁe on thneshold VolfOﬁe s

OPPﬂD’)dmcu‘:eL(\j o2y Ffon §Ge ond o8V fom St

3> The fonwand Nesistance s in the %Qwag 0+
Few tens  of chms .

")‘> he rievenise hesisranee s . twe ﬁQﬁaQ of

Meacx chms.




5) Im fomcand blas  Comdition , when the bios voltage
1& mene +thavw the cat-t\g_ \MW&@@ , the Adiede
Cownduc ts .

6) The diesde doesw't Cownduct when Nevense blased.
Howevese a  Scnall qevense SQ-EQn&’c‘\cm cunnent «FlowS
acness  the juonctionn  in the ﬁauﬁe OYL hono amp S

fon s diede and  micnoAmps  fon € aiode .
?) The diede also acts as a fast acH\,\@

flecknionie Smibd\-

Diode _E%HVCX\QV\t cinewi ks -

An ecvui\/c\\evﬂc cincuit Ly a Combinato

esent
O%» elementsd Fnopentd chosen to best epn 5 n

| A : C Vi
+the actual tenmmnal chanactenisgtres oql o, d@viece

v o Panticolan OPQTLQHV\a ‘?\eaicm.
— A dicde s ‘hePl&ced B_\j_ a  medel tith &
bc\ttend e;vuuvqtev\t to cok -inn Voltage of a diede |

e fonwand ANesigrance ol a diode (n 3erues

with ow ideal dicde.

—> the  piece wise Linean €qpivalent Cimeuit DVL a

diede s Shewn  in Jﬂiauke below .

Y
v '_____/\/\/\/v\r——‘]>},—°

Fon wend Tdeal

, V
’ Y dicde .

ne srsfrawnie

Aﬂom?vxa 971C o , Swnce Lo  most G\PPUCO:\:\O'V\S}

it 8 Smaln to be ignored Componed With




hesistonce of othen elements of the Wnetwoenk.

—>  Thenefone +he Simp[i\mec\ ecwwatent cincuit s as
Shown v -Fiaune below -
dinde .

> ASUm‘\nﬁ \/b,-:o ond 911030 ,'qu e«vuwcx\evxt
the caincuvit medel Lo oan ideal dinde.

Tdeal diode

Cineot becemes

—> In  fenwend biased Conditicyy, +he (deal dicde acts

as Shont cincuit

-
l>} shont okt uvwden Lonwand bias

___> I TRevense bias cendilion +the 1deal aAlode acts .

N 0.——0/0"—0
|:‘ = open ckt ownden TRevense bias .

Eq}.ﬁvm&wt C_incu‘\ts/mode\s / v-T chamacteniswes '~

o5 open cxtb

Diode
&-ND Type ' Model ahoracteristices
Piece wise V;‘,_/\f,\fw—‘u""o Ip \
R Livnnease ) /
meodel \/7?75'0; nf “T/"Ol Nn=co 5 1 o - Vp
§?mpli-€|‘ed V3 o
&. MOdQL S — l . S
Vy Fo, ipgzo, Sin Zeo al v 7 Vb
= _
- Tdeal ?
z. | el o———l>’-——‘°
- Moaé - .
Vy =o, neg=0, M=o m > Vp




r * ' < \ 1
PN diode HpPlncofxo‘ns -
An  ideal PN Jjonctien disde 3 a twoe temminal

P‘oLch’ra Sensihve device +that hasgs zeng %Nesigtonce
whewn it 18 fonwand blased and hfinite nesistance

When fevense biased. Dve +o  thig chonactenistic the

dicde finds a numben of applications as follows

,)b Rectifiens inm dc  Ppowen 3Supplies

2) switch in c\.a:}:cu Lcafc cincoits  bsed iwn Comnputens.

3) CLG&\?K\A@ netwoenks uwsed  as de Testomnen w TV
Neceivens and ’vol{-oie muLHPLienS-

4} c.L‘\ﬂ:\vxa Cincuits VSed as wove éhqpi\r\ﬁ Cinecuits
Used Tn  Computens, fadans , 7nadie and TY Tleceivens

5) Demodu lation Cdetec‘con) cincoitys .

- The Same pN Joncheay  with diffenent dopi\/\ﬁ

Concentnation f{inds 3gpecial applications  as  fLollow 3

l)':belceckcms”_!_( Pin - photo d|‘ode> in opti cal Communicat om
Cincoits. -‘

f’) Zemern digde s W VOH’?Q ?eﬁu(oi'ohs

3) Vanacton disdes in -Euvdha sections of Qadie

and TV Jlece vens
4) LED' S in d:affcqt dx\dplqa_s
s) LASER  Adicdes in optical  Commuwicatioy.

6) Tomnel diedes as a4 nelovation osallator ot

. Micnowave freguencies .




Half wove oectifien cenventsd an a-c \/olbc\ae_ in to A
PO\SQHV\ﬁ d.¢ Vo\bcxde us\‘vxa on) one half of the applied
a-¢ Vo LEcxae_. The 'nec{%(lgimﬁ Adicde Conducts d\m‘ma - one
half of the a-c cd cle Cde. ,CfaQQ) ond -ﬁ@(b) ghows

the lbosic  cinecvik and wove fenms  of o half ave sect fien

Openolion !
tek v be .qu Vo&c\ée_ ke the Pﬂ\m;’:té ,OP. the
tnoansfenmen.  and given by  the Sqpation
V;Q_ Viy St )
whene  V, s &he  coblin votmae of the diede.
- 'bm—l\vxa the positive half rcchQ of the input 3‘6“0\\’
the owncde of the diede becemes mone pesitive wikh

Tespect  to the Cathode and hence Aicde D Condutts

Fon on  ideol diede the fomuwoand Xx ';__vowoae drep s
Zeno- 3o the owole '\MPU& \'/oH-oae Wit "cxp?e&n OLnoss
the Lload 9esistawnce (RL) -

- '.Dusﬂv\a V\eaakwe hatf cyele of the iwpot 3\‘6\/\(1\,

Ry

the anecde of the diode becemes neﬁae\ve with nespeck
to the catwhode and hence diede D doeswn't Cenduct,
(Revense b\‘qs}

Fon an {deal diede | the ?mpec\&wce offened by the

dicde s imﬂmwd. Howce the dicde condugks ho cosment

Hewnce the \rol{—OﬁQ dnop acness Ry s zeno.

{ Fenwand bi as)



Hanmonic  Cempovients of a Haol{f Wove Rectifien .

The input  Sinvsoidal \/O\HLGQ of oapplied at +£he
input  of the tronsfonmernt s 8;ven by

Vi Z Ve, Sinwt — O

The disde curaenkt oL Lload <CUnnent is &\‘VQH by

L&D = | Toy Sinwt foA 0 < wt < TT
1 o £oA T < Wt € 277
\ — ®

+hnough +the Cincuit
laXimum oA PQQK cunnent ﬁ

- = Vo E— @
-m Re + Ry
wheare Re = Fenwand Nne sistawnce oL the
Qiode
KL = Lleod e sistawvcee.
) Averoge cunnenkt (on) Dc connent —
272
\ T
T = Tae = — J L) Ak
AN
J T
PATY '
T Tz 2
- J L) dt ( ! }
T
“dc | J TS s
[«]
T
— Ton . v
2T
0
= Nm
— —+m -
T N - - —
The = ™M —(C Dy - " ﬁCRQ‘\'RL)




s;m?\cmld the Dc ovbkpout voltoge en Hvenoﬁe VO\boﬁQ is
5\‘VQ.V\ bj
; T, . vV
Vdc :-rd.c - KL = - ™M R ™M Re
™ T (Re +RU)
- Very
VdC -
T 1+ Ry >
Re
@ RmMm3s <cunrnent
i?lms
iﬂms =
w 2T
T - i -
“ams T — fzml Sin~wt de%)*J 0. dlwt)
20
) T
- — Ton | — Cas8 2wt ) J»J—P
“TnmsS -
2T 2
(5]
[
2 A - 6@)}5/2'/0{“ d(wt)
T = Ten J dis) 4 2
/‘nmﬁ
P «
rms = [ Ea T F 55’ - /(’;’3
4 T
y 3
the load 5 (g'ven
Vol e OCADSS
sam‘mnta RmMS ﬁ
- T B = .Vm . Ry
- T RL — — L
by Vinms — —+rms oz 2(R4+RL)
v L S s} Re << Re H"m@
nmS T (s Fi) z
Ry




63) Recky £ign e{—(iiciencd (ﬂ)

Reckigien eeeicienca is deQined as haki o of

de Oukpot  pouwen (Pdc) t0o A input  powen (Pac)-

[
= Lo Ry

dere - g2
-‘—rl
POC = Pd + ?L
Pa = Powen digsipated acrcss  diede
PL - powen dissipated across  load
2 -
Pd = .I?\ms RE hed \I’“ Re
: 4
P, = > - >
L = LToams Fu = Im Ry
4
PCLC = LTn (R,@ + RL)
s
b P
_ P4 c T R
Pac
T (Re v R)
llf.
6. 404
(? - <1+ RL
R
. s 0.6
/'YZ* Or 404 oo =
t+ Re - EE
Re R
Ry +hen SN = hoib /.

ng- R"F L <L
ol Wove

The MO v M efficien Cd of a

Meckifiern  is 406 7




4) Ripple {cxcton(’r‘) -
the 9otip of 9NmMS Value of G-c Compownent

te +he dc  Component - the  ouotpot S Knowawn a3
Nipple facton (T‘)

s valu a-c
Ripple fFacten = e of Comp ovent

d¢ value of C°mPU"1€V\£

o Ve

Vd e

vV, - 2- 1
Yrnms = /v"\mj - Vae

T = ‘/\["”:’5 - Vac~ T

f
<
3
3
>
|
&
N

N

8 Tnansfenmen otilisatien facten -

In  +he deSian of any Ppowen SUPPLd _the .‘no&ivxa
of the tnansfonmesn should be detemmined. This Can

be deme with a knowledge of the d Pewen  delivered

to the loead and the type of %ec{-i‘ngw8 cincug t UJQJ




dc powen delivened to the Lload

TOF =
ac faking of the Hransformen Secendany
Fac
TUF =
Poc nared
> > R, = ____:I”" .
\
' hated voib
Pac_ Nated = Qﬁe of X Trmns
thans Lonmenr S&mdahﬁ
Nm T, T X
v 2
242
I 2
TOF = mn- R o283 v
- _ o
(Re +RL)
Ten (RF*“RL>
2V2
Q- -2R8 F
’ TOE = -
- 1+ =f
| .
TOF = 0287

Tt is defined as  twe Vamiotionn i de \/’ciJcoﬁe
Wit C\f\cr\@e i dc load cuNnnent.
It s also def.‘ne_d as |
Var - Veu

- Pencentoge TRe vlat) = xloo
oﬁ d = VeL

No lead VOH‘Oﬁe
Full lead Ve ‘*068 :

Hene Vau =




Ideo.k\a Foll leood Voeltoage (s equal to  NOo teaq vouoﬁ&

N deall
ond  hewnece e ng—\ae\q)coﬁg %eﬁulcxho‘\/\ of awn a

device Us zZeno.
(H) = w defirned o5 thg Peak lnvense ,v_g\*cxag_ (Pwv)-
8t s defined a3 a Maximum Hevense Voltage

that o diede Can withstand witheoolkt  destyeying
the  junction.

The  Pear invense Vb'{"cﬁe, acness a. diede s

the peax of the NEgative half cya\e

Fon  half wave 9ectifien plv i3 Ve .
Fonm Jacton '~
: Rms value T
Fomem  Facten = | - = - I Sl Y
Average Value Tery 2
T
PQQK Facten -
) , Peax Value JUPFN - 5
Feak Focton = = =
Ly
s valu e —_ s




Problem !

A dolp thove ﬁech‘%‘en, ho\vqwa & nesistive load G(:A
lboosn., Neckifies on

Qk%eﬁnabina volboﬁe of 32§‘\/ pear

value and the diede has Fcﬂw&hd Mnesistovnce of OO .

calcolate o) Peak aveneﬁe and M3 Value of Cusment
b) dc powen outpu b
¢) a-e Nput  pewen and
d> £(I-F{ciencd of the swectifier
Seluion given dota
\
o A = loo S
R = oo | Ve = 325 V| £
T = Ve
= o~ —
a) Peax vValu e 0{_ conneny e+ RL
I = 322 = 295-4B ma
jeo + 00O
Avemcxﬁe Comrment Ty = _ - — =
| ™ 314
_ T _ a5-445wm
Rms  valve o} connent Ty, = - T
“_T:rbm'& = I4F. 723 ma
R
- x Ry
5) a.¢ Powern %thot" ' ‘Pd\¢ - Tac
= =z 8845 W
: looo
Fa.c = CCCLI-‘OL"G’> X

t F LF ’*(2 H
. N |Y\P

Pa. e BB uS .
. . = T _—_3(,33’/»
d) Spficiency of TNedkHficatiam ‘)’l T




Problem | A half (oave eckifient i3 vsed to SUPP\O |
guy dc te o nesistive load of Scon and oo dicde
has fonwand Aesistownce of Son ‘- calcvlake the
mowmum Valve of the ac V,Ol,'f‘l@e \"ﬂecbudztﬂed at the
inpot -

Sslotiewn given data

Vdi¢e = &4 Y 6 RL= Bon -

HVQ!\OUQ Value @Q_ load  Cunnewnt

VA
Tap = ¢ 2% _ 4ewma
v R Bo0
T T
d-¢ = — = Ty = Td.o X T
7T ' .
Maxumud  Value Dv)' Lood cuimrent Ten = Ta.c XTT
Ten = 43 X102 X 314 = 1508 mna

Thene fone Movimoem a.c Vottage ‘ne@uq,aed atr the

lnPok Ny = T (,ﬂ%i—?l_) - 82-94 V

Prioblem - An a-c SUPPLU of Qszov 15 applied

to o half wove gechifiest cincuit 'Hqtncmdl'\ Eronsformen
OV[ tunns  nakio Bl Assume twe darode 1% awn

tdeal one . The load nesistonce ‘s 3ocosL: Fiwnd
o) d-¢ ouEpu% Vo\b&ae b PLV ©) mm&imum ond

d) ‘We’wﬁe \/a\oves of powe de\lvened to twe load,
Selutien ! givem data

Vi = 230 V, Ny :Ng = &1 RL = 360




d) Tramsfonmen

5&&0\!\(:!0@16 VOH-CﬁQ

Vi _ N
Vo - Nog
Yo = Vp x Nz 230 x V' _ 44y
N’ 5
Vo = -
> vﬁ‘nms = 46 v

MoXimue  value o\)_ SQCOnd&hd \/o\-\—&ﬁe 'S Vi

Vaims = Ym - Vo = 46 xJ2 = 65y
Toodie eutpop \/o\)raag Vace = ¥YM | Ro.m v
' \
) PIV of o dicde 5 Vm D Ve =63y

C) modu‘m\,m value o+ load cunnent
: Y :

Im: vm - ,,_._6_? - 6213 A
RL 300

Mewmum  valve of PpPowesn delivered to the load

b
- » W .
Pey = Imlx R L = Co-w*—y) X 300 = 1hH-|
d) The 6\\/87-10\59_ value of lood cunnent
v va- &0 - F+
-Ld~c pd dc —_ - - 0{063 a4
R 200
CWQ“Oﬁe Vaive OVL Powen delivered 4o 4hg
Locxo)

2 2.
Pd.c = Idl(‘, X Ry = ((}OG%) X 3oo

Fae = 143 1. |




i

Foll wove 7Neckifien ®

Tt Comvents on a-¢ VoH:cxaQ

d-¢ Vcll-&ﬁe osmo

vseg tweo

a-e \/a;{-aae- Tt diocde s
Condyets du‘n?vka owe half tycle

applied

| —

be kb hol@tdcles of the

a-c \/a(koﬁp_. F\‘aune Shows +the  basic cincyit
and  woaove Lonmn s of foll-wave gecti Plen.
Dy }
] AVA
T /r T /F
N Z\ /\
b ” A 0 ﬂv 3 et
| Y
/ \ ﬁ
\Ic 4\ l] \ }‘
lenten Z'albl';ec} DQ- Ve " 1 \
| o
%nansfommen e rr} 'LTT'\ 3 "} >
#iﬁ ¢ Fol woave Jteck fien
openation !
:Dua'u‘.wa Pesihve half Cd!CIQ
Ry VO
Vin l
| s haf cycle  of ac tnpot
Do*yﬁv\_a bhe POS\‘\'\\JQ
. Vhey ‘+Hon  ternamival &
e tenminal A I8 Mone positve

Mte o Po\sqt\wa

ap PU ed
of  whiaehy one.

while £we  obher

hal Cycdle C\q, the




So digc\g,b1 b€come. s +enwuond  biased and Do DOLLQOIs

revense biocsed Thene Lgone diede D, Conducts Wwwile

diede D, deesw t Conduck. The comvVentional <cunnenkt

flow 1% Showwn by the Pakl, be\low.

A —> B —> R —> B —> A,

Donin Negative Half cycle "~

Poning the Negative haolg cycle . e£ <\he

in?\)-\c tenminal C s mene pesitive “how A. So

dicde D, becomeg Fevense biased and Do

becemes —Foﬁw&nd biased . Thene fone disde Do

cenducts while D, doeg w' t Conduct ©  The.  Pairl,

Shown belo 6-tv9_5 the ComnvVentioWnal Cunnewnkt

Flow duning Negative hol £ cycle .




L N Mectither Clrncuouit
Hanmown)c ComPOV\QV\ES in o  fuollwove AR :

) AVeraqe cusmment 6n) de  Conment -
== __Cunnent ac  connent

Tac = — [ i dt
T
) D
Tac = — f T 3inwt d (W)
RLE
g T '
Tde = &’ [—Coswt} = = (—‘ ~l\)
T T ) o
V
Tdc - &Im _ & Yo {‘. Im = =
T TF(R_{: *‘RL> Re+Ru
Slim;l\&nla VdC_ ey Idc x Ry = @Vm . Ru
"rl—(R.(Z'\‘RL)
& Ven
*+ Vde = ™ (\+ 5£>
Ry
A s Rp << Ry = Nac = B~

i) RMS cunmaent -

TL
T. = L J t) ar
nm 3 T S

T
Tnms = ia J _me. 3inwt dlwt)
™ C
' i
_ . t- Cos2nt d(w{)
Lren s = I”“_. J o
T s




Vs = Trms * R
_ T ® - Veo Ry
\/nm$ = L - ‘
Jz (Rg+RU)
Ve
\/_—(\ + R(‘—)
N
A R‘F < <L R L = 'thj - _
Jz
3 Reetifien Ef€iciency (TO
- =
n <= dc outpor power Pac
= —
AC mput  power T Pac
2
Pd(‘_ = IdC RL
P _
2
7% z Tac = L de - Ru
2
QI - 4 I
Pdc = N x RL “ — x Ry
T T0
— X Re ¥ KL
P&C_ = Iﬂm,‘) CR,F + .RL> - bl ( {»
Ng
%
Pdc _ 4To  x RL
at o
T % (R,(l '+RL>
T2
0817
3 . _Ru S
i = T R R (v+ Re
T £
“RU
As Rp << .-Ry "Il_—; SRR I

/- 2{{'\‘&\&“%} = “/-v\ = '8\-&%




gz . = & x (4o Vs)

Foll wave aeeds fied I den W = &x(Raf wave Neckifien
;_'Hﬂ‘c‘\e.md>
The MNANT M3~ efa ewney ol o £\l wave

?\&c{-i{lien ig twice twe Mot myvmn e\&{-cciencd ol a

Ho\f wove Neeb fHer .

4) Ripple cton (T‘) —

T - Nms  value of a.c Component
de vValue. of C_em?cwq&vx’c
Vn,‘nm_s

™ = _nmf
Vde

__J
H :
e
3
\»
N——
,d
(

Tde
"—,'_\ _ Icr, -
B e )
Tr
i = 048

5) Tnansfommen dBilisation Jacten ("ﬁ);z) ‘e

—

I a  fou w‘*ve» ﬂec’c”\%\‘eni the se.C.G‘ndCLﬂj CUOAAG L

flow s thhogﬁ\,\ eacwn haa ¢ Sepanq'tQLj i eveny l'\c’\\‘(l
Yae - while  the Pprimany of +thansfenmen cannies
CUNNEent ConHﬂuosLd - Heénce TUF s Calculated fon

Primany  ond secendony Windings Sepanakely  awd

the ovearoag e TUE is deter\mined,




CVOF)P,.\‘,MQ“S + (TUF)seoacmdcm\B
TOF =2 — -

————
K
CTUF)PT\? fno:rU -

The Primany of  the 'E?lavws~90nmen s :Fﬂ&di\’\a two

harg wave Necti feng S&Foc-r\&t&kd. These +twe halg wove ecki-

-Hens  wenk indQPQndent\H of Caecwh bthen buot feed A

Common laod.

(tu F)

' = Hw = 2 X028%
P"”u‘rnand 2 x Tue oL R

(v F>

5e.c_c~r\dom\d e
& 3 dc¢  Powen de\ivered +o the (oad
YEsecondan =
—_—
— d a-¢ LoJ:\V\a of Taawmsfoamex secmdm\d
- Tde
@-\“r)secmc\&r\[j = -
chcul’ced
2 2.
. 2 2T . - 4 T VR
Fae = tde *x Re = (-r-rﬂ> * Re o= _:‘_T" -
PGQ nated = Aoted VO\’FOY?Q £ X Trnenm s
thOnSLormer  S€com dmmd
2 = M Tem L T GprR) T
¢ Aoted —
Y Iz V2 (ageny) v
1
Len x CKP«)—RL>
Al roteqd = L
9_02#52-9
-
. /f-Im x Ri bo)
TOF = .. :
( >$&Cmdo\.kd Nk Y (.H’Ef_
Im‘L (R.-f- f)-RL) Ru




As Rp << RL @oF)

seumdo\:\d = O&\2
TOE - QFUF>? +@_"UF)5 60- STy + O:8r2
= - — - ° —
Tor = 0-693

6) Peak nvense Vol-*—&de (Pw)

Peak  jnvense vc\+ude Cavn be defined as the

vewrege that a disde cavy withstand
blased condition.

MOA ™ ven onden Mevense

In tWis  case Peok invensge Vo&&ag s calculated G&S
follews - duning  pesitive halg cyele | B 13 de\)c't‘iva and
Dy is off. The maximom vmmde at the \lowert Pant of the
tnonsfencmen {3 Ve, and the \10\%0@3 dnop acnoss the Re

d\le_ Y (‘UOde :D' Qov\d\]ct\v\a 1% Vm . Renee +tWhe ’tth\L
\fovrcxae acacss dicde Dy 05 C“‘*‘“‘“’) 2V C Ve V"”)

T{'\Qneq%ke PIN = 2Vm

£)) Yeltege Regulation'~ It is  defined as  Variakion

in de Volhxﬁe With c\f\m\GQ m 4 load cunnent -

. VNL - VFL
Pencevnbage Redu\o)c“\bm = X100 .
\/FL
wheae VaL = Ny load VOH:OUQ
Ve = Fult load Vel**oﬁe.
RS  va Tnens -
8) Fonm fockpn = \ue = —T2 - V2 \
= i
ﬂvew@e value Fac 2Ter)
=

Peax wvalue T
@Pecm factton -

- —
A Rns Value “nms Tn /,\/'”




Problem

A 23ov , 60HE Voltage g applied o the P’u‘mahﬁ

of a 5! Step domn, Cemtenn tap tnansfonmen vged in a
fuu wave Jiectifien anind a lead of 9doosL. S{. the diode

Nesistance Ond the secu-ndan Corl  hesistawnce fcsﬁe%—hem hag

a %Nesistovice of loos. detenmine

Q) de \/olJcoﬁe ACrOSS  the load b> de  cunnewnt {Lom\vxﬁ

Hmooah the lead ¢) de powest  delivesied +o +the load
d) PlY  acness each  digde and ) nipple Vol‘a:ﬁe_ and tg
@newwcd.

Seloti ey o

givem data
Mo + ~ '
P d Vol Oﬁe Y = 23,5v , Ny ! Ny = 51
Ry = ‘300:\_) Ns+7p = loos .
5ecc—ndqnd VoHﬁge Vo
Vi N = 228 - 5 5 v, = 46y
V‘L "JL VL !

\/o!+a66 from  Conten +QPP""?7 to ene enwd = 23V
Voo = {2 x23 v .

\/m: 23 J2 V

vy - 2VUm
a) dec \loH—oae Cacaoss  twe  load ac - ——

b) de commenkt ;flow\‘\g E—{,\J—Fogé,!,\ He \load

—_ Vd-
Lde = ___d_._e__
Ns + L+ RL




,dc - .ﬂj—__— = QO:?— mA— ’
- toe + 900

e) de Powen delivened 4o the load

‘ch = (Id\c>z X Ry = (Qo~?— Xlo“3>?— %X qeo = 0'3RE W

) PV acwss eacw diede = 2Ven = 2x 23 xJ3 = &S v

e pple VoH—oﬁ e

V‘n,;nm\s b \/(\/nms>’—- C\/d»C)L

V _ Vm _ 23 \r;_
;s = = 23
V2 \Pa

—

Ripple Vol{—Oéte . /@3>L_<&0,})L -

= 10-65y

wcﬂ&wwtd of  Npple \feH—cﬁe 2€m = 2X 60 = 120 Hx .

Problem

——

Ao follwove Sechifien  delivens fom  to a load

of 2005,
3‘L the nipple facton s l% T &alevolate  the acc
Nipple Vo\+oae atness the  lood .
M . Given da ta Pd~c Z Bouw RL = 2000
/
Ripple Jfad—on(T): o= 1 0.0
‘ (03
2
we Know Hial Ps. = Vg4 s -
a-c > VdC_’Pd,QXPL
RL
e . =
'TL\eneF@n Vi, = \/Pd-c x R = /S.0 X200 = IBev
Vey.
T&‘PPle f&Cf'D?L T = MS = Yac
Va-¢ Va-c
- Va-¢
= b0\ = = Vee = 1V
od

load =1V .
a-c wpple veltege acness  thwe a




Foll wove Bn.‘dae Rectifien :-

The need Ffonr | a C(enten "tQPFQd Powe s
Tnansfenmen s eliminated in the bn?dae e cti e
St Contaivng  foun dicdes D, ,Ds ; D3 and Dy

cormected to  form bm‘d@g 0s  Showy v ‘F‘“Cj‘une

below. : NI A
VNV | 7 y
A
T ‘ ) ) f 37 N3
! . ~
)
J/ |
|
: \
t
N
3w wt

Fwa Foll wave bn?dae Nechfilen - and wave fenms

DOPQ‘B'LO:H on ' —

. ;buhkvxa Positive v'hQ\..F cdc;lﬁ;

bom?na posibive hag cycle the Point A
of the secondany Lo‘\vuz\hma becemes Poé"\'h‘\’ﬁ and
Peivt B becomes V\eﬁq%\ve .

This  oakes disdes D, and D3 forwoard

biased while Dy ond Dy ane rnevende iased:




Thenefore m‘d diodes D, and Day comduct. These
fwo  dledes will be in  Serxies "T\'\"!Ood"\ the \ead
Ru as Showwn v .F;aune obove .

| The  convemrional comnent £low Path & of f£ol)

o e b>udge nectigyen  is  Showwn below
A — D, —> R — Dy — 8

Dun\vﬁ Negative ‘hang oycle -

—

Du=n) vxa the Neﬁcxt—i ve ha\ £

¢3a\e o(,

Seusmdo:na Vol 'lcaae - the Peint A becomes NQGQH\IQ

and  pPeint B becomes pesihive.

This  makes diedes Dy and Dy becomes
fornwand blased while diedes T ond Dy
becomes nevense biased. Therefone tr\n\d diedes Dy
and Dy conduck - These fwo diedes will be

thn Senies —Hr\noua\r\ the lead R as showy

N

VN F\é uneée aboVe .
The coenvenhonal cunnent Llow of ol
wowve bnrdae neckh fren dun?v\a Neﬁqtive heg Wy de

135 Shown below. B — Dy —> RL > Dg —> A




= T both, the Cose the Cuonment ‘(:Low\vxa Hzmooﬁ\q
the fesistor RL 3 in Same dinec!bta-mi thus b s
Called ovwni dineckiovial covrmnent.

- The  wave Lfonm of the tlood Cunnent 4 ESSQWH%\\C\]
the Same as i the Case of foll wave et Len .

* The nipple fkeyimca of the ovtpot (s twice that
of the fon dqmen£cLL -‘F"Q‘[/U‘wadf .

H&hmomc Compo—nevxh—s of bnidge nectifHem —~

The ovemage values of output Voltage and  lead

Connent fon bridge TNeckiflern ame the Same &3

fornn o cemteer tapped follwave seck@Gest . Hence

2V Vm
Vd~¢ - o V. Ny =
n
aN \/’7___'
: 2T - iy
—QQ - . -Tr"m -—'—nmé = __:f_cl
Jz
P:PP?e Jfo,cbon('{—') - o648

?ech‘ﬁen é’«ﬁﬂraiencﬁ - 8|.270
P1y  oacross €ach drode = Vm

Ripple fxe@l/evwﬁ = fm

Note @ he denivabions fon bmdgo, nectifHens ane
Same as that of cenitne ‘topped FWR except

TMns-Fomme% ok Lisatbon F&C‘Hﬁl C TUF>




ITx this case Centne tapped thonsfonmen js hot
fheq/,u‘ned hence  the Sec::mc\wxba oblsarion facton

tself  defines the TuFE

>
TOE hd Fde
o
Fac nated
2 N >
Fac = (Ta- )" xre = ( m> x Ry
w
Noted Voltoge o Y/ T
Pac mated = at &6 ‘P X Trmy = —_— X __ﬂ
A tAonsfLornmen N2 o
Voo Ten T, T
Pac nokted - _— - = - Vm = 4o
2 2 RL ' R

S TUE = o8\2
= Fonon factont and Peak  facten ane Same as

that of Foll wave Sectifie .

Fenn Sfacton = -1}

Peak facton = /2

Probleon A 236y / 50 H% V@l{‘oﬁe, is &PP\led - to the

Pmm‘”‘a of o 4l step down tnansfeonmen wsed v a
bm‘daze Neck fHer havfna a lead esigkance of 6oo s -
Aﬁsom\‘r\ﬁ the diedes +o be 1deal | detencnine @) 4c¢
ovkput Vott&ae ®) de powen delivesned to the load
©) Piv @) ouvtput kaewwcd.
sSoloten 4Wen dora pmmo&a vol—Hx@e V, = 230V
20V O

Ny !Ny = bty , R = 6oosu

S&aond&na \/oH—OﬁQ Vo 7




oo N = Vy = Vi x No = 23o0x 4
Vo Ny N 4
Secondony Vo = E3-5Y
VOH’@ﬁe
Ven = 2 x $eccndmnd ‘\/ol—\-cﬁe - 813V
2V,
) Vd-e = TR
T
N
b _ 2.
) Pae = ¥h, L5 e s
R 1600
C) Ply acioss each Aiede Vo = 813 Y
a) oukpolb freguemey = 2 £, = 2x850 = 100y

Compa‘h F SO —_

of TRectifiens

8-NO| Panosonotes i—ia\@ waoave POl Wwove Bn?c\aé
! | No of diodes ' > o
2 | Maximum Q«Pﬁcfev\aﬁ Ho-6 o, 812 7, &l-2 /.
3- Vd-¢c  (ne toaq) ) Vea |17 2o [T 2Ven oy
A
L Average cunment T4, l :z'r-,,,/.rr 23:,,~,/.Tr
L Ripple facton 1-2.) O it g T
6. Peax invense voltage TTT
ovtput -fme%uenrﬁ £ 2 £ 28
TOF 028 0 693 0812
9 Fonm facten 53 LN e
o | Peak Lacton 2 Vo Vo




Intnoduckion +o Filtess

The. ookput ©f the TeckifFest cincuit s a

PUW&HV\B dc , it Contoing both ac and dc QC)“\PO'V\QW{‘S
The pregence ap ac Cemponents s uvndesinavle
featome | hence it has o be 7emoved frem the

\ : Tt
9?€c{—f.7ﬁ.“ed cutput by usw\& a 3uitoble ¢incv

Svehh o cincuit i Knowwn 03 & filten.

A Filken May be defivmed as the cincole

whicwh  Nlemoves the onwanted ac Components of the

meaic:{—ue‘n svtpot  ond  allbws cmtd de components to
gﬂecmh twe leod.

A Liltest cimeuit  comsisks of a -possive
cinecork elements | Such as  indoctons, éo”Po“C”H:QnS Q&\d

thein combinations .

ent
No /T CO“‘PM/)“
V‘(v\ h a M )
! e UQU%AV
> e Voot - l
N
E > >
o—[ wk

«F\'aune Shows the Concept 'o‘@ a filren  whee
the fow toove neck fed evkput velf&ae i3S apph‘ed at 1t3
inpot.  The oukpet  of o filtem. 18 ot e,xaat\a a
consbonk  d-c. level. Bobt it also  <lomtains A gmal\\
amouonkt  eof a-c Com}:cmenb Seme imPonb&nb pilkkerr oow

D Imduchion Filtes 2) capoacitort fHilter

3) Le ern L-sechien flter Lr) cle om O -+ype filten




Tenducton FEiltesn

Doy

‘F‘“af Foll wove Nnect frery  wWith TITenduvcton L lter.
'F:a‘“"e Shews -the £ollwave ek fHen with
indveteon  giltern. when the ovtpot  of the FWR passes
tk‘ncma\/\ on itndockon ) tE bloexks the oc compoment
and ollows m\d the Ac Ceumnev\’c o Meaocw twe

tead .

T)/l o9 o .
¢ 7pple facten  of the  induckom  Liltenm  is given

& T = R
3V2 wL

8¢ shows that the nipple facton will decreate

when L 18 tneneased. and R 18 decreased. The

induocton filten s mene efppeckive only when the (e ad

connent 8 L\ia\n (st RL) » The L&‘hae_n value of

Hhe tndockos caw 7educe the Fipple and at twe

Same time the ovepotr  4-C \Ic\-\—OﬁQ will be lowened

as o inducton has Miﬁken .. Messtonce.

The  operation of the inducton e depewnds

Eh 1ts  well  Known fondamental PTLDPQTL‘CB teo

oppose ANW c\e\cx\/xde of connent PO\SSQW@ +Whro Od\'\

it




Analysis of TITmdocton filten !

To cmqtdse this H e fon o £ull - wove ., the

fovniernn SLesnies Ctonn be wrnittewvn 038

. . 2Vm Ly '
Vg = — Y ces gt 4+ - Cos it + = Cosbuty
3 15 35

e

—3

ASS\)(Y\\V\a the thind and L\ia\/\en tenmsy  Combriibutre

Litte  ootpob | +he  ovkpob  Voltoge (&

Vo = 2V AV st — &)

U 3T

the diede choke (L) ond fFrnansgfonmen Nesdistonces
7

Can  be neatec’cec\ Swnce {:\aebL ane \/e_nd Ima\l as

Coempaned with Ri. Thenefone

. — Ym
The a-¢ Cmmpm(’.nb OJ, cunnenk T = —R—
L

The impedante ©of gesies Combina ki on o} L ond Ry

ot 210 (4 C fon Seconad b\&nmmc3
= - — ‘RL T, 11—
Z = Ro 4+ (2\0[.) = L AL

T\nene ,Fong £ He 0-C  Component CSQ, Connenk

Tm = Vm \.‘ J—_’m, - _V_m_>
Z

\/ 731_’— + 4o -

'Ti\enefone the %QSU[HV\ﬁ Conent {3 5\\1&/& b‘\g

Fron & @




2V A Ve cos (2ot - ¢)
TURL 31
v

— @

whew § = tav! éﬁi}
R

tWhene 15
¢ s 4he c&w\ale by  wWith e {gad Curnemdt

L?S behind the \lo['\:ade , Friom g @

2-
RL .+4_N‘2—L=)_

— 2Y
Lace = M j:,.',ns = T
TURL ’ h Jz
ARRY
Iﬂm‘s = *Vm
3Tr_\r,‘;: RLl"‘Lf-LqLLL

The o '
PPle  facton whicw  cawm pe defined as +h
e

Natic o R
4’ ™MmS  Value of the ﬂtpp\e to the dec

Value of the wave .

L4.¥Ym
Rippl g Tnons 3TJT I —
-Ppe faC"tD.?L 7—, = — - z \/Rl’_L'f*lf—po’-L_‘).
s —_— T
TR
T- = '
3“[2 \/1+ ‘f-l«'&?'i_‘?‘
: -
va A i
>>1  4hew a Sim;plids :
RL.)_ j =P ifHed eApNession —F’c:h M %
A 2 ' _ 2 x Ru
3y \/ oS L 34z 2w b
R

T"US erpnession c(emtd shows thot nedvuced

nipple woi L accuon Lom L&hﬁu' Volaren, ol_ L. Bot
aleo Shows thatr e 91;??\9_ witl  ucaeane

the Llood funcreased €6 Tmfiwite  volue

it

0%
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Hewnece +this Hiten & sSotable fon w shaould

C’V\\d be vsed bohene Ry "is Cms(s’céﬂtld Senall\L:

Problemn calcolate +the Value of inductance +o os.e

S in the  indocton filten Conmecked 4o a foll- wave

t
i

- Nectifen openqt‘wxﬁ o QM\B toe pnovide o d-c

ookpot  witw 4 % ﬂ:PP\e fon a oost  oad.

‘So\oHOﬂn‘. &IV e Aot

—F:SDH% , RuL = (codu

Ripple Sfocton T' = 4% = os.o4

we Kvxoku,o thaot ﬂ?PPle :FCLC{“OJ’L of mauvcton FﬁL‘tQTL 15

Ko

T = - o= 2T
3y oL

100
O-04 —

3J’Zx(zx*\T>< 6o) % L
=L = 15625 Hy

Lapaciton filtpn - Ay inexpemsive  filtesn fon  Ught
Leads 18 foond i the capaciten filten whiaa 18
cenmected d\‘nec‘t\a acnoss the lead as showw ™"

-(‘L‘Gone be\ow.

— L .
D, T -
]
inpo
voirog &
1l>\r
Do

£19 1 Foll wave SNectifien with Ccopaciten £iltern




The  Propenty of a  Coapaciton js that It allowsg
A& Component and bloeks the de¢  compovent - The
opestakion of a  Capaciter filtere is te  Shont the
%\PPLQ to 6nouvxd bot lecave the dc  to appear.

ot the cvkput whem it 18 Connected 6ceraoss A

POLSatima a-c VDH:GaQ,.

vVor £-in ) pc output with
v l 'r/z ! el
Po;ﬂt ! h‘FP e
y ’ cot-cot Poiwt -
AT

Ivm,P-P

| \
3 |
- - - -
14 T \ /1 d \
’ ! AR J \
[/ , . / ! : \\é_ Foll wave
\ ‘ " '
4 i NS ry \ fectified eotpot.
/ f \N 7 ; ) \
/ { / { A\
L \{ T, \ >
f—— Ty —>— wt

-F‘a(b) © Ripple \IOH-Gﬁe triavgulan wave foren

j)un;v\ﬁ the Positive halg tyale  the Capaci ton 'ckqmaes
opto  the peak Value of the trans fonmen Secondany
Vok’ccxée , Vwm  ang i) 'tnd to  maintain  4hig Value as the

o0 wave {y\’)o-{_— dnoFs to Zeno-

The Capatiten  will  digchange {-\xnooa\r\ Ru 510*-0(5
wtil  the  tnansfonmen  Secen dany ve H:m@& a,aaiM W cheanes
to a  Value aneoi—en than the Capacitory vVoltoage . The
diede  cenducts fon a Peried which depends on the
capacifon Vol%—zﬁe- The disde will Condoct whewny Ehe

thansfonmen Secondocr\ﬂ \Iol{-aae becemes mone thaw the

diode \[Dl{—cﬁe © This is  called ¢he cuot-in VO[{-&ﬁe-




The dicde $tops Co-ndoa%ﬂ\ﬁ whem  the +nansfonmen VOIILOﬁe
becemes less +than the disde Voltage - This U called
cot ~-oot \/ol{—aae-

T f‘ﬁone (b) wWith suﬁhf approimatiov ; the nipple

Wmﬁe javefonm  Com ‘be assvmed as ta—daﬁuﬂa,\,.

Frnom the cobt-iv  Poivt {5  cob-out Point , whatevea
e Cko_‘a-ﬁe,, Hie capacitor acguires, v egual to the CL}Q’HQ'
e capaciton has lest d‘”‘\‘“@ the Penied of hom-

cendockion- i€ fion (ot ook Peint  to the next cot-in point.
The c\qanao, it has cxcwuned = Vo, P-p XcC — 0
The c\/\m—lae it has lest = Tae X Ty — @

“\’)’\e:mefone V"‘;P-P X ¢ = fd,c X Ty _— @

with  the o.ssum‘sk‘\cw\ mode above , the S’LJLPP]Q.
wove fenm  will be brui&v\.aolom. w  atone omd Hae nms

value of EhWe supple 1S aweM by

V",?—P —S @
23

8F the value of the Capatitos s -Fou'nld (ange,

v:n,nms =

on  the Value of the lead nesigtomce iy Very (m,nﬁei

fhew it can be assumed that thak Hie &ime 1, s

Q;U}_a,&{:o

the half the peniedic time of the wave fonm

Tl—.:r———_,'-—— e from EL@




60bsk—\-ha+ina ez@ 7 e‘f/@

\’n,y\ms = .,__jd___._(.’—___
Lz fc
Vd. . V4o
Vs—.,nms = __.EL (:‘,' Id-c = a ¢
4V fc Ry R
ques-\e.{loa—le Npple T—‘ - Vs, nms _ !
Vd»a L)’EFC RL
The nipple may  be decreased by &Au—teqsivﬁ

C )R, (on bo#\a) with o 918501%\"\/\8 ncaease im
d-c ocotpot vott—aéte-
Pnoblem -

Calcvlate the Value of Capacitance to vse tna
copactiten filter (emnected +o o Loll- wove Nect fres
opencx%v\a at o Standand abL cnaft  powen \—_F\&puw%
of 400”—3,- af the ‘mPPLe Factert s o o fo a
Lead o.f Soos .

Selothiom -, §ivem  daka

%?PF\Q fac{-on = ___—:O = o)
00

4= %oo HE} RL = Aoo
-——l—\ |

4 Jz fc R

LHoJEthOOX ¢ X 500

¢z 738 MF:
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Peak Oj‘i oy /ngw@ ot detiteed dclovel, i Krovom o
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FoSITIVE CLAMPER
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Vig D R

Tkg/ w\{)v&/p:?uu\ﬂ/ A aMtuied o be o 4"{‘/\1’«9'06/ wale
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= CR 1 ey Kl T o, Wl st
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Duseang, wugadie bl Cqeleof s Arqual, fedicteis
jﬁﬁ%qbwged,.’twwffw/ % belawes ok a Ahosck at Abowa
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= To convent an AC to DC powes, an eckifiey Gyt o,

fox the Neccue

- A simple P junchon diok acks as a seckifies. The b,
[,,-N;,? and  Xeverse bia.si'ng corditions of the diodle Yhni,_'
the wecdi6iabion

® weeki€ication:-
An alternabing cussent has e pmfe»‘v to d"“"Be ik
Shakes c,onb‘nuousl,y. These i candenstoed 51 d:“])""‘? the
SnNE wave L:, whdy an olfvmiiﬂg cwssent i widiated .
- X ke i ik positive digechion Ques 0 . peak positie
value, wedwes fxom there to viowral and Gain goes t
vegative postion and %eackes {o the vepbve  pak ard
O9am get back fo noywal -

“RVE G0t i Pogitive gy ab¥e  digecions o ’
,C;ZD'S Complddy d hente l‘:-ymne altermt; e (i:!znt- :
- .éo ;tmg the paocess of ¥ectifiiabion, bhic AL c‘nnyeJ
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BIPOLAR JUNCTION TRANSISTOR

BJT construction

BJT symbol

BJT operation

Transistor current components

Input & Output characteristics of a transistor in CB configuration
Input & Output characteristics of a transistor in CE configuration
Input & Output characteristics of a transistor in CC configuration
Comparison of a transistor in CB, CE and CC configurations

BJT specifications
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TRANSISTOR AS AN AMPLIFIER

A load resistor R, is connected in series
with the collector supply voltage V- of
CB transistor configuration as shown in
Fig. 3.16.

A small change in the input voltage
between emitter and base, say AV, causes a
relatively larger change in emitter current,
say Af. A fraction of this change in current
is collected and passed through R, and is

v

Fig. 3.16

Common Base Transistor
Configuration

denoted by symbol a”. Therefore the comresponding change in voltage across the
load resistor £; due to this current 18 AV, = a'R; Adp.

AV,
Here, the voltage amplification 4, = A 15 greater than unity and thus the

transistor acts as an amplifier.



NEED FOR BIASING

Biasing in amplifiers sets the static de voltage and current levels on a transistor at
a point (called quiescent point or J-point) where they can be made to vary with
an input signal without going into saturation or cut-off,
In order to produce distortion-free output in amplifier circuits, the supply voltages
and resistances in the circuit must be suitably chosen. These voltages and resis-

tances establish a set of de voltage Vigp and current [ to operate the transis-
tor in the active region. These voltages and currents are called guiescent values
which determine the operating point or Q-point for the transistor. The process of
giving proper supply voltages and resistances for obtaining the desired Q-point
18 called biasing. The circuits used for getting the desired and proper operating
point are known as biasing circuiis.

The collector current for common-cmitter amplifier is expressed by

Ie= Blg+ Iegg = (1 + Bllgg

Here the three variables b ie. 3. /g and [, are found to increase with temperature.
For every 10°C rise in temperature, [, doubles itsellf. When [, increases. [~
increases significantly. This causes power dissipation to increase and hence to make
I~ increase. This will cause §-to increase further and the process becomes cumula-
tive which will lead to thermal runaway that will destroy the transistor. In addition,
the quiescent operating point can shift due to temperature changes and the transistor
can be driven into the region of saturation. The effect of 8 on the Q-point is shown in
Fig. 5.1. One more source of bias instability is to be considered due to the variation of
Vg with temperature. Fgeis about 0.6V for a silicon transistor and 0.2V for a germa-
nium transistor at room temperature. As the lemperature increases, Vg decreases at
the rate of 2.5 mV/C for both silicon and germanium transistors. The transfer char-
acteristic curve shifis to the lefi at the rate of 2.5 mV/"C (at constant [ -) for increasing
temperature and hence the operating point shifis accordingly. To establish the operat-
ing point in the active region, compensation technigues are needed.



Fig. 5.1



EXPLAIN HOW TRANSISTOR ACTS AS A SWITCH

Cutoff

When [z = 0, the transistor 1s 1n the cutoff region of its operation. This 1s

shown in Figure with the base lead open, resulting in a base current of zero.

Under this condition, there is very small of collector leakage current, Icgo, due
mainly to thermally produced carriers. Because, [cgo i1s extremely small, it will
usually be neglected in circuit analysis so that Vcg = Vee. Moreover, in cutoff
mode, both the base-emitter and the base-collector junction are reverse-biased.

R
AAA
Iego
-
Vee= Ve o Vee
o

Saturation

When the base-emitter junction becomes forward-biased and the base-
current 1s increased, the collector current also increases and Vi decreases as a

result of more drop across the collector resistor (Veg = Vee — IcRe). This 1s

illustrated in Figure - When Vg reaches its saturation value, Vg , the base-

collector junction becomes forward-biased and I¢ can increase no further even with

a continued increase in lg. And Vegia 18 usually only 0.2 — 0.3 V for silicon
transistors.
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The Transistor as a Switch

The basic operation as a switching device is illustrated in Figure 4.24. In
part (a), the transistor 1s in the cutoff region because the base-emitter junction 1s
not forward-biased. In this condition, there 1s, ideally, an open between collector
and emitter, as indicated by the switch equivalent. In part (b), the transistor 1s in
the saturation region because the base-emitter junction and the base-collector

junction are forward-biased and the base current 1s made large enough to cause the
collector to reach its saturation value.

In this condition, there 1s, 1deally, a short between collector and emitter, as
indicated by the switch equivalent. Actually, a voltage drop of up to a few tenths of
a volt normally occurs, which 1s the saturation voltage, V cgsa -

Conditions in Cutoff:

As mentioned before, a transistor 1s in the cutoff region when the base-

emitter junction it not forward-biased. Neglecting leakage current, all of the
currents are zero, and Vg 1s equal to Vee. Or Vegeuom = Vee

+VCC +V(.(.
lc = 0 % R('
C
‘{E
(a) Cutoff — open switch (b) Saturation — closed switch

Figure 4.24 Switching action of an ideal transistor. [5]



Conditions in Saturation:

When the base-emitter junction is forward-biased and there is enough base
current to produce a maximum collector current, the transistor is saturated. The
formula for collector saturation current 1s

VC‘C’ - VCE (sat)

I Csat) = R ’
8

SINCE Vg5 18 Verysmall and can usuallybe neglected

The minimum value of base current needed to produce saturation is

JE'l'f,'(sz'd:)
Ppc

Iz should be signmificantly greater than Igmin to keep the transistor well into
saturation.

{ iy =
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