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Based on c_ondw_—thrV matevials ave classidied
in+o  +hvee Hpes . They ave
3 conductoy
%k sem) condu oY
@ * Insvlatoy
conducdirs '~ The  madeYials I/\lhnch allow Jow oF curvent
ave. called conductor.

%mﬁ‘%%?*"ﬁe materials havinp aonduf_—Hva in between
conductors and insulators.

wonw}—ﬁiliwn ana GILYMOmI'um:

'WJW =The moeYials  Which does ot allow cuvyent Piow
axe called 10suladoys.
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Thee ave -Hoo Hipes o} Semycondustors . They ave.
& IMYINSic  semiconducdoy

X BEYdinsic semiconducdor.
|n+Yif\55c_ :5emiconduc+oY‘-—In intinsic semiconductoy Hhy

covmo.n+ bonds ave imms_d between a7 grovp elements - This
semiconduetoY also called pure 2emi conductoy”
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At zeydD em peyatye theve ave np —Pme ele cfyons
present in the infrinsic semiconductoy - 50 gt zerp defree femponture

i+ acts as 4 insulator - At Yoom dempeyature (35°K) same of thugy
elecivons byeaks +he covalend bond and became yee electyons .

S0 0k Yoom tempavature it ads gs g 2onduedoy - nthen
electyon breaks +he covalent bond, hojes [ genevated. i+ s

having positive chavge . |
In indyinsic semiconductoy aumbey . of
elements  equal 40 numbey o} holes.
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The  disadvandage in indvinsic semicon-

— ductoy 1S +he current s increased due. o incvease in

Hempeyoduve . But i is not possible 4 incvease tempevatuye bcgan?
cevtain  limit. |

In extvinsic semiconductoy +he
due 40 increase in numbey aﬁ‘ impu¥i+ies

0dding IMPUYiHies is cailed ‘Dopping”; _

curvent is incvease
The PY0cess g.,ﬁ’_

These ave Hpp Hypes of-
exfinsic  semiconduetoy.

* N~ +Hype semj condu ctoy
¥ P- HPe semjconducthr.
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N - Type Semiconductor: -
Y 0 ANA 0 (VWL E VAN p AN
T} pentavalent impuvities ave added

40 e Tedvavalent: atoms Fhen Hhe Semiconductoy 15 called
N--ype semiconductoy.

In N-Hype semjconductoy electyons ave
majovit) chavje cavvies and holes ave minmng chavge cavries.
N- Hype SemioNdUcHY is Yepyesented with B

RATHEE , SEMI SRS~

TP +rivalent impuvities @ave odded 4y
+he tefvavalent atoms - TN P-Hype sSemiconducdoy - Holes are
a0yl chovpe caviexs and electons ave mindYi4y chapge
covviexs - P-Hpe Semiconduchy is Yepesented with O°

wnedion diode ) —
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PN junction diode with np applied volage oy
open civeuit  condidion.
nside A pjece o silicon materaial
it one hait is dopped by p-dype impuridy and anothey hatd
is dopped by N-ype impuﬁﬁ; e A PN junction s
Jovmed.
In N Hpe material elechons ave majovidy Charge
cavyieYs While in p-4ype matexial holes ave Maj0YiHy
chaYje  cavwieys thevedore ot +he ‘wnekion - Theye i5 0 Fendeny
of Free elechins moves Pom N-side 4q p-side - similav]
holes OYe MOVe HOM p-side 4o N —side -His pYoceﬁ; is ;
cajled difdusion - As +he Koo ¢lechons mpves Pom N-éic)ai
10 P-dide +he donoY AaHms becomes posiHvely- chayje . |
and +he holes ave moves Jom p_ side 0 N-side -the !|
acLepoY  10NS becoMe  Negaive chavpe  +heveove
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Ne gative chavpe developed OQ Jhe p-side and positive
chavge developed on the N-side -The Negative chaype on he
p-side prevents fuvtheY ditussion ol elechons bom N-side
gimilavly Posi#ive chavpe on +he N ~side pyevents Juvthey
difbusion ol holes Fyom p-side - S0 4he bavviey |s setup
at +he wnction INhich prevents “he Purthey move ment of-
chavpe cawievs -7716.& ¥epion is called depletion Yepion. The
potential o+ depletion Yepion s called bavyjey pottential (ox)
cut-tnp voltage (oY) knee Volape Fov silicon bayyiey podentia)
is 0% Vous ond oy Geymenjum s '3 VOI+5.
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TO  OveYeOme  bavieX potendig) exteyno) VoHdge Sovrce
is comected 0 PN Wonttion diode “This prpcess s called

biasing . Theve ave o fypes of biasfnp- They ove

¥ Fovwavd  bias
¥ Revevse bips.
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FN o WASHER , dlocle, i, Jowoad | bigs -
When +he  posidive +eymingl o) +he boHey is comected

49 p-side of PN Junchon diode and myaﬁve feyminal of the.

battexy IS connected H0 N side of PN unction dipde +hen bia sing
is called Jovward bigs.

It axdevnal vola 7¢ above bovyiey poentiol
ot +he Junckon Hhen +he holes move dom p side 40 N side
and alecyons move Hom N side 4o pside . pye

, H +his lavge
amoun o} cuvvent produced in +he civewid.
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PN whction, d0de, 1 KXo, bias -

IWNhen +he  posikve 4eyminal of +he bother)

5 connected +o N side of PN junchon diode and Negative
soviinal of +he bodeyy is connected 4o p side ot PN

"wncHon divde.
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T} p-type He¥mina) is connected +o Nejative
teiminal of the batteyy hen Hhe holes move away $rom
wneHon towaxds Negodive Heymingl - similovly N Hpe is
connected 4y posiHve deyminal of Hhe ba+teyy. elechons move
away Pom e juncton Fowavds positive teyming). due o
+his depletion Yepion width ineveses so np cuvrent produced
in the civauid but Small amount o} cuvrent produced due

£0HUYA+ON  cwYent

4o min0Yidy chavpe caieYs +Hhis curvrent'is called Reveyse - |
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Diode  eauivaien iyYeurd! — |
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Equivalent civeuit is debined as +he device

. symbo) can be yeplaced with similay civeuid withoud 41’&-41'0?
| #he actual behaviou of the ciyeuid

-

}

ﬁ Theve ove 3 Hpes o} equivalent ayeunits.

| *Plice wise lineay eguivgent- Civeuid
| ¥ simplidied ciyeuit
¥ ideal civtuit+ mode].

pLice wise lfvg@( e.cwlvalen-}— cnrwlhL —In piece wise lineay ®
| c|YLm+ mode| “The c_ha‘(acqlcnd%cs

oi & diode ave in lineay . Th<
| model consist o fovward vesisdg I

ideal diode. |
A Lp(ma) |
I ided | dipde Piece
] Wise Iyneoy
’Vg?_h |! |l>“ Civeuif--
l/ ra
Knee knee 'ﬁ
VOHGW& Vol+aga O

[
The v-T cha‘ra&m’dﬂcs Dﬁ Pfece wise lineay mode|
ave appvmumamg equatent g oYiginal v_T chavackeYistics
o} o diode.

MVFh-P;Qd mode_l' T+ we considey iYN0! Yesistance ol

~]!cm»oc\\(cl = ledc_ is vey omall +hen i+ should be
|d¢-}umma—+ed .The  vesuld+end  mode] should be called smplified

model. |

~ |
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| |
| | gl
knee dipde.
| voHape
! ATHA)
|
E sinplidied mode)
|
|
knee %V’L
VoHage
@ i

deal diode mode)!—xn +the simplidied civeuit yo inove
baxtilY  podentia] +hen +he yesuidant civelit js eplled idea|
diode wode].

N~

| P

| ideal
dipde .

In he ideal diode mode) +he diode is Yeplaced
with 8hoY+ civauit iy Joyward bias and open civeuid jn
@ ~ovd¥se bids-
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LOAD LINE ANALYS|s!-
MAVN ¢ AN 0 YW, AN

The vse of dhe 100d line construetion alows
+he UmPhical analysis ol many  civeuids including devices
Which ave much move complicated +han +he pn dipde .
TWO plots ave needed +o dedeyming +he opevating
point o} dhe diode - TWO plots ave needed 4o deteymine

o | \ e




|
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~+he opamﬁna point o} Hhe diode .pne plot is drawn Using

\Livchhohi ‘s curreny and VoHﬁa@ laws and othey is ba p)n-Hjna
the volt -ampeye chavacteristic oF +he diode.
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) flhouon N Qbove -L'yum +The Yelationship  between dipde cuvremLE
T and VOH®RJe “v” is obtained bom +he diode chavaclevisties |

CUVE 05 5houm' in Fijwe . oM ohm's Jaw s +Hhe cuvrent
Hovgh +he Yesistor and the VoHape acyoss +he vesistoy ave
lineavly veloted as shown ip .,Q.‘Wum.

N
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: :[ TR Maﬁfﬁ’}DY
Y ;voHape : -

Yy - W Vo Hage.

Fp!— Diode chavactevistics N (b)
' A~ oudput acvoss
Joy +he civenid

Yesistor.
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TO dyaw the 100d line , Jip +he vesistoy cuwe horizondally
such +hat the slope ot Hhe covwe i< “Vp and push +he +Hpg
cuvves , as shown in l,pmes (@yond (by , —wye#\o_\r honzon%allv
unl the Y- avis ave v apavt

convent push push cuvvent
A —> S A

" ipped” Yesistoy 1ine

Dibde
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add +p Vs ij

F'F —(») Foywaovd VOI+G@Q —cunent chavacteyistics ol o d.od@i

(b Flipped YesSist¥ line with sippe = ~L
R

| The inde¥sechon paint o} the Hipped vesistoy jine
" called load line and -the didde Static chavacterishes cupwe s
-{,he OPHC\-Hﬂp poi M- o} +he  device , as shown jn J1pum
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; | _.___ - RN e : i
} _m)“lﬂJre.Yﬁe(_-Hoﬂ point of +he load line with +he vertase - |
cwvvend chavactevishe of +he diode. |

DitPusion capacitances ' - |
-*"YYW’\"\)\/\ 0 %M‘j‘ﬂl(g/\@/\* !

|
‘The  capacitance hot exists ina forward biased

onction is called o dillusion o Stovage capaci+ance ( ¢p)

whose voalue s vsually much lay
. & +han ¢ ‘ . .
| Yeveyse -~ biased  junckon SThis ,-i T Which exfsts in g

' . Alsp y
| change od injteted chavpe  with C'PPh'ﬁci)dc;C,fa ;o‘ -ihg_ Yate o |
_ e |

-~ da&
C — - |
[D dv}

Wheve da yepresents +he chanme |
| | . g¢ 1n +he numbey
mMinOYIy  cavrieys stoved outside +he depledion Yegion mhagJ;
chanpe in voHaje acYoss +he divde | dy s applied. ‘

ulation o Cp '~ Let us
%C(e\lf%o VY 6 AN n/v?"/‘*f S ume that the P makﬁa’ |

in one side of +he diode is heavi Iy doped in compavison with !:

+he N gide - since +he holes move Pyon he P 40 Hhe N =iy
+he hole cuwent T = Ip,(0) Ide.,

The excess mingyity chayje q existing on +he N side

s given by " O
0 Y/ Ae Py () 2/LP |
o = jAaPn (0) e de = L =L AP, o) |
0 "'"L/Lp i |
0

Di?-ﬁewreﬂ-!—f@&iﬂﬁ the above equatinn we get
QD — éi = AGLP d[Pr)C(?ﬂ
dv dv \>®
We know +Hhat +he  ditdusion hole cuvvent in +he N-sSide
1 T, X) = P, SY/L
IS npr)( ) A@DP‘ ”CO)/Lpﬁ P The hole cuvyend
ex0ssing the juncHon indp +the N-side with x-o i

H
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T Tpp o) = Aebpfn ) !
| -p
Thevedoye |
T = AeDpfy0)
Lp
Pyo) = _TLp
ACDP

O

Q

Ditfexentiating +he above equgiion W.y. 4. U
d[fa )] dx 1,

vV R 0@

UpON  Subsktuting in egyadion ®

P T
P

r S =770, I/\lhe.m 7= E’J:E s +he dipde

v", we Pa+

in equaton () we et

“Theve-Yove

conducHince and T = ’-P
1S +he mean
in +he N- YQﬁ)Dﬂ. DP lht& Hme o hples
From disde cuvrent eguaton, g = L
N . vy
Theyedove fs =& TL
) V-

whae T is +he mean )ile Hme -loy holes and

e \ecHons. -
) ' ' : :
pitdusion capacitance Cp incveases e_xponmﬁany

with Jovward bias ov , alteynatively , +hot it s
pvopovhonal +o diede dovward current, T. The values
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of C¢p YaNge TOM 10 0 1000pF, +he lavpex  values

| being assbciated with +he dicde convping a lavpey anode

c'u‘o’T(Lﬂ‘l',I-

The - eMbect ok ¢y is neligible Hora veverse—
bigsed PN UNCHON- As Hhe value ol cp is :’nvuse_l(? |
pYopo¥-Honal 4o aﬁm‘wency , i+ 1S high ot low Frequencies

and 1+ decveases with +he novease in imq,umcy-

TRANSITION OR SPACE CHAR D N ReloN] |
TENTTAN, &8 Feace suoege [0R nepLemion Realod] |

undey Yeveyse  bids condidion the ma'JOY'nLV cavvieis |
move Qway Pom the Junction , +heveby LACOYeYing Mmove
[omobile chovges: Henee dhe width of he Space ~ chovpe layey
ok 4he junchon 1ncYeases with Yeveyse VOHAge - This incrense

Cin unwoveved chavje with applied Voltape may be consideyed

a capacihve ""E‘Q"‘C.Jr -+ The povalle] layers of- OppOSely
- chavjed 1mmobile 100S 0N +he +w0 sides o) he junciinn
| dgvm Fhe capacitanee ¢, ihich is CYpyessed os

{rdal |
!CT ldv &)

change in vortage dV- A change in vohage dv in o dime ';

db will Yesurh in o Qv T = dg gy, given by

dv
T = C+ =2
ToaE " |
' ] ’ |
Thevedove o IS lﬂ}PDHﬂﬂ'F while LOﬂéfdﬁ”ﬂ'ﬂa o diode |
oY 0 Pyansistoy as a eivuit element . he Quantidy cr

i5 called +he Hansition ,space ~chavge , bavriey oy
depleHon Yeitn  eapacifonce -

bame bt i lus |




APPLICATIONS OF Dlope ' —

WVVV\of\/W\aNV\o A g AN

1 ¥ I+ is used as g Switch

X Tt is Used in a vechidjex eiye
in+0 pulsoHng de voHage

Wit H conveyt+ Ac VoH—ap& |

.*- I¥ (s Used in C.|0lfT]PpQ,Y ey '+ 40 p h
| Ui+sg shi -}- -H]
‘m l lh i _f- WQVe. Ym
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RecHH ey s 0 civeujs which s

, vsed H conveyd |
Ac signal into Pul:sa—Hn? dc Signal ‘ +

AC. pu]50\+in‘7 dc
' \?Lkec-ki-ﬁ g —

Q Rectitieys ave  Thyee Hpes ,-W_V aye
S Hartwave Rectidiex |

* FUIWOYe bidge Rectifiey

¥ FUllwove centey 4gpped poctitioy .

HALF INAE  ReCTIFIER!~
VY 0 NAAN AW D AW

S+ep —down -J-'Yaﬂﬁ'}-bh' me¥ and o divde |n sevies with

A

Ry -
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Diode

- dBl

R30v,SOHE Q)
ac signal 8| EL%

L J

. A+' Y30 Vo+s Ac Signal is given as g nplt- +p
he  pYmaYy Side ot 0 Faosdormey . the +ranstommey convers,

30V AC IO desive lowey Jeve).
o

Adsuming +he dipde IS5 )
dwing +he  posiHive hatt cyele dipde “DV” becomes 40710'::3)

acressed load NesisHOY i.¢., 4hpt ..
/ h.0i+' IS Positive hatd cycle.
shovt vt ]

— o

e AIE ) g
p

) S
Duving +he NegoHve hald cgcle\' diode "0’ becomes

Yoveyse bios and i+ ack as 0 open ejveuit oy open switch
50 ND cwent Hows {n +he civewit and Hhe output- fs
ZeYp”  QLY0ss  joad Yesistor.

open civeyit
£ e wrlh T
@,30\/;50“%
Ac:ﬁigm\ %”é Loy
| |
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bowae v i
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,Em Vm (1)
=0 @)
RIS, Yolage. W . &¢ VRHage, %} |
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SOV SemeeoSt(0Y)
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EFFICIENCY -
OV VN o AAANA

T+ is dedined as YaHo of owlput de powey 0 the |
input  AC poweY.

_ Pd C
i Fac

[PGC -—-V_'F]

. Y.) = PFde %100 —V. V/E

= V¥
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L; q N / = X100 - Pac :Vrm_s/EL |
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Haldwave Ree-HEQY convers 406/ of- Ac signal indD
Dc @ynm i =

. o
RIEPLE , FACTOR'~ J

T+ is +he Yohio of Yms value o}.Ac aomponen’r
30 +he De component in +he Yecdiey oukput.

r = V¢ TS CD“A) Iyyms
Vde Tdc
ro= | Vims v Vs I
0% Vde Yorms |
_ vdc, E
\(\f"\’mﬁ ~Yde Vims = s T Vac ?
V> dc l

VYIY)‘S r \l V%rns "Vaac

vnik 5 20y,



Ripple Facior Jux hathwave vecidier: -

r o= [(m/a)>
(Vm/m)>

= —\f‘@i/_"_‘_ —]
Ym’“/nl

PROBLEMS ' —
VY g OV -
In haitwove yeehiiex on Ac vm.mae o) peak value a4V =
connected in sexies with silicon diode and 10ad Yesistance

of 480<L - ¥ +he dovwavd vesistance of +he divde s @0

|
I
|
! Yind avevage load cuvwvent £ RMS Volue of ipad cuvrend
|

! PLOK Value (Vn) = R4V

R} = 450 o
‘ R} = A<
Tde = m
T
—. dm
T = —°
Yym= )
I = .l/_.
Y ,
vnik -t UGS




In =
480 +20
Tin=-48MA
Tde = 0043 = 0018
m
Ty4e =15MA
Tyns = 0";‘*8 = 0- 04

Eleleney: —
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Y) '___:' Pic _ Iﬁaa UELL"J'E:P')
' |  Fac T*ms (RL+RE)

_ (0-015)*x(s00)

(0- oR4)* X (500)
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POLLIWAYE, Recmmier -
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EL VO

230V, SOHI
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In -+the dullwove Yectidiey civeuid +wo diodes by and

@ pyp ave vsed . and +he TX used in +he Fullwove veskidiey
s centey Hopped Hansdoyrmey - Dun’np +he pisidive hatt cycle
the end A of Secondary winding become positive and end B

betomes Nejahve - Due 40 +his Diode p, Josward bias and
diode Dp Yeveyse bias . Thevedove D) is conducts and Dy

doe=s not conducts .

S0 the  ovtput Volage pywdices lond
Resistoy due +p diode Dy.

Dum'n'g “+he Negahve hal} Ccle

end A o secondayy voitage beome NepaHve and end g
become posiHve .30 +he diode Dy Yeveyse bias. Diode Dg

Yovward bias - Thevedove diode by does not conduct and
diode Dp tonducts - and +he ovdput prodvced acyoss load

vesis+o¥ due -+ diode Dp-
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input vol+ae o secontayy of +ransFormey
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be (D Me S &oxwm‘fd bias and 1+ is Yeplaced with shoyL |
civevit: 30 cvvvent Hows in Hhe  dveuit gng +o+a]

positive voltape dyop a+ +he ResistoY . hence outpydt-
Vorage acvoss diode is  zevp-

DV¥ING +he Nepative ha)p
O cycle piode D7 hecomes yeverse bias and i

- Yeplaced with open ciVWit. SO ND  cyvrend HOWs in
e cdivevit and Hotal Nepadive VoA drop across

diode . hence +he output- VOltage  QcYoss he diog
e
is  Negatve hm.ﬁc_yc_le.

aN e PaYalle] posisve chippey
Omv NQ_VG'HV& hﬂhﬂ cjcle s appeaved o+ Fhe OUHp L .

o PRYANL, Nepobie , lipper: -

=8

In  PAYANEl  clippey e Diode *
N pavalle)  between input and OUHP UL

omk-l 5 29/0s
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bviing +he positve hatl cycle when Vi less than
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