.

R Firstranker's choice

UNIT - 1

'SEMI CONDUCTOR PHYSICS

@

___www.FirstRanker.com = .

' www.FirstRanker.com . www.FirstRankercom -




:I . FirstRanker.com
l F:rstrankerschmce

1

(J,,W‘" Fu\c-aﬁ'l;ﬁ"ﬁ Toodl BCZQ%@M -~
' I 4 bt , b e

f)
éw«.c,ef i e £ e Ve -
Ve d ol ; ;?u‘a‘{ : /':.d'\%*
bl )1 ” A &g ‘ ;
 Bior o : s ddens. ‘ ; P
8ag éﬁgk%e =& dfodidden gep
Viakiidasi i Mm\osa
Hamd
: i 4 . ° | -
& (A} Gadunbt. S 73 %, TIR PR o\ R D Py S-S o
o S e EMEREN B sy DIAGAANG '
; : : |
Ja'c%; al\l e eue 5 5% Locmdn, Flxes Lavd s oS Lokl z i
!%ﬁ"‘m—« ‘&: M’)”&re\m& de bebensiows & Selids Thele )

(3 U&Em}\m Cond T- Condackion beand 3 Fopyiddaa km’*‘*:W

“Ca cverge toond Loevald b due to SwTSHN] G DUEXER
Lew:%.}a astocateld sl e Valevee eleebeau s e dezﬁ’;e—n/.&.
w"'n«a— lorh Shell, 74 Called Uslanes loonad,

Tl c'vr;r,gg‘ Lond Srewed dee to b K e\a\m\a‘: lme_\a
waw;.,m;s et s Cren cleston 14 Gledl covdoclio kma

| Guden ansmedd Coadition, e Goudeckom baud 1A e’u«;ﬁ\f
G‘""' evce @ghe A tespebal, “r= wdos e Q&%&gcud 5uu.._§ 4
| -%:M Yolaiien, bosd v CovdacSion bavd oud i:&w&-@se& R

e towgng S mloves ot do e &m&, |

1'

{““’“ ce..eemw Lone o Cxets e cw%g %‘&q
bt bod o *‘*&- seloce b i m&s %@&@
,. ‘myw* 2% «_ﬁﬁ _,A-!Q,,,_ 5°®
,-  Bozal o o= w&‘““e 4 wg_;&g wﬁkm%c.&,ﬁnwa“
| Cuwced fus saebesials e c%xﬁz@ n—b Md{& R

; M ‘?w, f.}«M%x&gs&% o
, CWWW FtrstRanker com-




o o i oy e S

P sl L Loty Sovdudingby aa
e dteem ce,@@m 8 o Tusdldd o e Senttand

i LL—K CaWQS\ d A U\-‘-x\\)\\\)\.u-\ ‘ CQ\QL &CEA SIM?\QJS C& CL Q‘:‘—»&»&&\h

. *’03\ SR du% w;% Q»Ao& Cowen i, m 5\\“@,\ g)k&&\\wm\\" |

t,& Kloune O (P —@50‘51 l&)

: FirstRanker.com . o :
F'%lfﬁﬂﬁgké\‘hﬂ'%&u \MWWrstBaH%er @ﬂm&\w\ %’W@&ﬁmﬁk@

\/b GA\Q& QDW&&E’S ’A “m‘e E"*D““‘( Qau}i\a&& % \\‘sd"mlu\h\’.‘;

\&&bb& L\\ogw m Mc&E‘c&Q& se\lreie of aueé Qb\-u&ac&%‘d

é\x‘\l& \*\Q"‘QDA \_Lka Cug@@l dum\mxw ‘{L—RJLQ ‘QS \kQ
RetilMon gop befsese. waloice baud @ Comdsclins \m@
—‘.\_L 'h-\.:a ‘om\»\és—& CD\s@:S\\a.P Hm S )0 G-gx‘ \S'o'b\»»'\\%.-_«.g S&Q\M

m.km_)ae\ A c% el@d)xomg as\a_ anailable Ko Cam&mm&u\_v\ |
Lros @\m\_ R de add ifouak Q\J\Q\%‘-h &@9\,\ \».QA«QQA \

: uﬁ\uw\ oL \&K@z Vst F Seea elecroar a L\Q\Q& C“\\[Qé '
gw& Conduckin, Aw @wexgt bausd i e g.,,r q%@%&g\,

» A\,\ sl \/\0-% G~ Cuegyr bond oo O"Q&L\QW
: e 35\:.\42_ ((ls) éw Cmahﬂ%’ Secd,. \\k‘%\bk&‘a \U\QQ'QS\‘Q& “'L\e.\gm

Sl a loge Exbitten gup W bebiscan T S ‘w\a |
ad {—q,& \\,GS@.,..:Q;;&A-. Preacticall W= T\M}b&.&&\t Q\k@_u\
e o boung Bamm o valonca band o R Gndockenn

 band, &(e»-cs_ Sode wratentals c&w:: cem\u& e acu\u&

l\\é\:bﬁb’l& "Zz @B,B, r)de,u\ g 1 ue)‘uf Loxﬁuz G‘fT‘GOP\\W(ML{ %L
@569.»9" ?e}/ LAW{\A 51&30‘;}@\‘- l"OY a. C((m,)’\mé L.)A&aeg :

% x@uw Mlg:r&c’éa« @Oﬁ ((A O’/&Ou’@' é‘e\/'




Hrsthanker.com
rstrankebgggm{:@; oL %VWFlr‘L?Ré'ﬁ‘Rer é“??f’

| ’-.‘f-]r=f:‘*ﬁ1.‘_'i -
6‘&@&»\ T ﬁé\zm (G

| &, tua e"*"-‘%j‘( Peovided by e Leal ok e Tevgeming
: B coflored® fo LEE tus elestusuh  Bvomn tes nadoiies baud
& h daion bl ThesaBie ot oo Fopemafine,
f“’-‘i»se\,;\ce@g&m ons. Gpeble T Comdocko. Rt X Ok

| B abidin Zero (T, e clechuson & SewiCanduchy

' *‘ij?'* Sold®, Ao G § SevaaudaaDy, Gxbidlen g =By
: GSG_QQMA.& ow tue s sendhes
| Everge s e S

§ =ock, Eogb\&éew Jop S~Fe B & & Ge Gnve GX-
cut&e&, N M akove CgyoadioA.  The Ailidde.. Gep 60

Fre Procaio- K o FLeV  while £ fus Sifiton
G} Py o SO ?"&-‘192)"4/&‘7'2 ‘ZU’—&"CGV\ Eagegmc\)w G)Lo_‘fh.qﬁot;

C“l:’mﬁRa?rg ke%om

M&‘QD\\Q&J} : .;.;L\_m_L\ ana Mei*‘(k»&:s\ \N\&o\ﬁsQS‘-s Ny CoudesSTY

ﬁwbté&m 8“? Tee e wc&ﬁsx\c&,; XA \"Q’L‘f «m,ogs@ M
AN %JNS\Q—Q«& as\a Cm\kicﬁ Loy~

1

\umhmag./s Rud et r loclkad i Tle valomes oA tewmce !
“3—° k; Te  Sevd Condae ks C\A-—\Q_‘ha\c(cng)/& belhane ax pel‘@‘z:&-

Fex St A aex%\\\wu-, Tk

eV (B Slie)
((X \ e\ %\Q‘Eﬁs\h\\\\\,\._>

g ;(.z\r:&éx (o"“;(’f
[;,_4 = O RS ~

Absolobe )(‘M@_N&ms_ T K
Ansountng  goow Teugeyehioe to be 17°Q te,

Zx28 X [o

-—

C.JL\—E?L{L ( -

Vs r/LS (-2ey

B b,‘cbﬂ{ e %w‘,aﬁﬂ ma,g\g).?@a_( o d&ﬁwc dg,(uC?/S

www.FirstRanker.com




. FIrS

A Firstranker's choice

mw.FirstRanker.com

www.FirstRanker.com

Snig Tetwmaclian, | Corducts| Jusolad Eoay Cond ol
| By dden sock €ctAk | Laxge & obook Gevf 3u-oll &y about
%&6’ l e\
2 Ceué.uc&\‘\\\‘\'\f Vexwy \‘\Td\'\ (e Loos IHeodaola éU\C‘S’
' | Calel asvtttenp
S Eest'i:&tu\he Vewe lows \(exe Hég(’\ NNodasgala
LS B : e -\ -Ne
CD‘%'\‘C\P_\&
X Verxkeses
S| CHRE & |Restboncs | Motk dec- | Rentthorss dacs
T @oRUIR. | ¢ peanen cot] BearA ot Fomr | Xeoreh c-:“\mk.‘:@.
S Yesdpece | Yew porduns, | feseBuna
G DO% —ewseg‘
i | Vo< loxge Nesag Sua\ Jedodala
<. Ela.»»\?\eh | Capees\, 6‘6&‘ Cu xS~ JTC e, G\eg“:\“\w,
Slven, Twngs~| T zobben | silicom
{1‘\, Al cuasus
- Lppliadied | eoives aBen | For 'p:o\a‘\é\ma ?\:or ﬁ"‘ Lo ppd ey
Cruduoc b eie | valtiess app Boc | o o Trad "]
/'I‘MI Nackiueyg @F“C
A . Ggatelh

P;ci&/isﬁj__ Ca\c\aka M“E&ug % Loubldda., 60-3 &K 1 Coum

= 61‘(»-0-»:\\:“ of tus ter—gSa huns, - N .

Fesbiddeo o R L l\c.,_,\ NS Qe Sy

Eq - (~2.;|——Z-é\<ko"l‘><'f
oo T : BSH AL = ey
VPG = (02N -2l x 188 x Rep = (-oRQ eV

Slile Rcbidlen ok s goimcsnne 1A Jael by

B~ o 287223 K& S T
: o EZBS- TR xSk x 36y




NIRRT O ] S ——

oo s st Mﬁ.

AN T

irstranker’s choice
Paahane  Tha oWV FEBIRRD Kefmmstwwvwa\rsmammce@

.a“W\M ana ZRua & (ROG Cram (\( Y '\Se.!-%ﬁ&“‘l&-kc s

’ %\W"Q"’-‘“ﬁ\“ﬂ wekuen o pote X\ twma O (oo & \_SC)QC\»\(Q-J

“"m‘&““&\\{ VbR ke, tus “C&%Q-\ % ore e ¢ %“Q“&“\‘hf
%
Sov b Qe & AW, Adbown, %y = g X Ie &

Juimaane e agy » (£ %)% @y Wl S weoss Fewgasdon

s
CU Y Tloae  taheraire Cg\».'i\_\;ciﬁ\\\’(\( C_% FRNmmn A,

S o= W C’L(“"J‘ ~p)

( & K\Q\\) @5 Xrol) C'—’\EOO'{"EDﬁ)

= o . ol b{Qt'.»..-._

(l‘\) Tl S wa ¢ Cb\kégt_k\\ﬁ\\\e &. S\\(\c‘,\
S o= P WM (/L(._\ +//\J\P)
F‘Ll‘éf té\{)c( < x (Q\°> ((3 cst o)

< L(.B‘Lxlgg 2 lev~

www.FirstRanker.com




kg@&éﬁ\h\?&é @ c*nqu\Iw:A&ﬂrﬁ’(Ranker com www FlrstRanker com L

.A..,a

é » F"W &&MC@M&@C«Q\%\ "174..&, Vet Db Lkb\l)h lﬂ %ﬁﬁkt& ﬁj -
N O~. 2

)23;53(1‘)'« E;:y T

ege&tm me.:@\»c& ﬂé’)\ka.ﬁffm» Qmﬁ?*m@" ‘“?’

mw v-\.)\h\g eocm.s A 'lm %\w.&wzw L &\n Wmf d % fx{ﬁ?mn Eﬁfw.um :

é% we ch@\ P wdu, W\ @\eaﬁm —AM\Q «gm_w:i < e J%& h-m
J.‘v@c a\cx‘{‘jz—"w&@ M‘@a c:o?.a Ga\-:tﬂ»ﬁ&c Oue, N~V @\mcﬂx lf
e free fato s Kobilhe ) Toas e dg, Py, e Bl
-‘_'fm\e W W Mg Toa QJ@;QM A Cdaligpe B S\&:&ﬂ%
e eﬂe&ne -‘ée\& c buT’ ke ey el & S Vg N
| W &u&'\‘o % QN Pua wdﬂme«:ﬁm. k\M zeg, fbfmk
@M Qlew.\. e ’S ce\tm»\ \\»\*wwg\c ey c.z,w.&er,\ e Lein
. 3 F&m +"&@ B | ‘
g %%/L«u& \—°o P

C““/*w 5 W*o‘)ﬁ) 2
| . = @*(2 | ,
4 ““"’"‘ 5\» CLQQ_S:U.N\ et WMW
. ?S»\ ~ b\c\e d\,-\@&- Qu@(%\& SISV

R ASER
: Mb“%_. e_\w ?"3‘ \:\x\)\' %\Q\N..Q \ Q \k»qak\\'\‘ud»e

%‘ '€k<ee e&bn:&:@“ C——\\Q> Q:\ L
iRns Vw%— holed pen k\\\?- Nolese,
L\m\@& Q-L\Jes @\Qm&@&i\»\

°~ﬁ0/r&? cleotrn Lol /()/‘w{/k Vi
7/ OL\Q?E_ - @Wﬁb‘\ 3740/6 GOUMA

T ’\"‘\"g\«?\%@é I~

: ._v‘lﬁ—e_.{q’_ S f/g ﬂ_L @,,C[UC/@I wéy 4&' = Je-,.,., Mw @ M |/J %U / ‘,
@/((w 74%/‘9’) ?‘ ﬂz ’66’);')/7'1”7'7& (f) % @ .Q.e»\\ CQ\N&UL@\A ;/I i
*A‘“" “&ﬂ’%d’ ﬂ%—émdud\w/ /‘xe f, .

www.FirstRanker.com




:I Y _I}Isl;ésafmasn '\e‘r _fﬂm

QM\\( (_D\h{\u\& gQ.u«LQa\-&\)t% }3 ‘i\‘s‘i&kg ?‘EQ\FQY(W\Q\MX
e w\m et @&\é s

f’bzs wuxe C\\x\'\“s\\\%kc) bv\m\\ %\&\&k’\ m«p mu

e CJL-L}LQ %t ?/& fh‘_p\ 2\)\‘5(‘&(\'\&\( GDJRGD\ Q@M\k’\-

S st g Ouay ,
T‘b-.cl tb— 7/5 ct%_\ m cg\algtgj\,\hf % o«.\l Ménﬂm,(, c
c%.‘-q\ wut&ﬁ\ QSEBQ-N&/\ t_%bo\/\ \DS (\&"Vtiu&\c @&&ﬂ“ﬂfﬂf@"""“

mr‘* '\L),\c MQE&\V\&? '2-5&)\\»«@\,\\\;\\ g& Sc/c ‘

G’““.:fd’“"% % N - @Jﬁ—fyeﬁew C@MM i

"Q%ww%&aﬁmwkm%%$,.a_»»»

% o ¢ /“*’m‘ /9”)
9l " 4 //@

s Fa( Al ﬁly”e gg‘,@,%ﬁ)waf\ o& =M>$LD ﬁw Moﬂd@@’ ?%
e P—We Q««Gﬂa‘o’? o $2> b M @M«# & W /9»

: h«n\ Q.}et\,q o ' F"" _
WWw. FlrstRanke MFlrs 34 ;er ca;m, g

f}\ QQ\NQQQ}W\\\’“«( %s &u\ . kv\*‘(‘\\x&‘c _\e_»w\_\ Cuw&uQ_&S\ 2/& : :

Cus) ef ﬂe/@ﬁ(&hf %e&eﬁ*rM (/f@ aﬂha/e/A /JC’) Wy

_mcxﬁa&c Ate cz/%&mwM pengew@t é,Q‘:,?/@ c’gd,zc
T‘lSe ""- ffﬁ;& : 75‘6/319@/@:\:@/“{ dua o ﬁuz iuﬂjo&vce;ag—' e

:@_, w<,u~ ,




u.;&z)\i‘xa_ w\el\se_mts_ o}e\&}gt Q\JA {’DM C,.Jm_x} f’*\@wg(-\




:l » FirstRanker.com

nrstrank&j{é\% s‘*—~“‘W\,\,C\Tv"'l'f&§ngfanker com M b\(}ww FirstRa)nkerc

G)\ GDNA&\U\Q m\'hs 'l'?d\ \’\"\% /\&” ﬁ'l &““““L— h‘“‘"‘ ?‘)«k LBMQ“&

' "“*‘W

LLQH e_&fe;_\:@ '\!\Eco\ thu%\“l h“*“\“’\& C'T) a‘m f“z
‘Qew\ f“ke\“c oﬁbwfé N\W M F‘“‘- 'VQM“\QQ 7’\*« Qx:ea,cr%

 ' weus \&m\ezg '\)\Qo.)\ ‘lw\

(.bm&_m -{L_\ __\,Q tmu\\\w&

o Qxﬂ:\u\mc_ &M\MM&S\ xm {-u m 5>em( cw\csw%cm

. G\k km\v\ % "l'u_m \\\é\vs\\&& SQ'\»,\\ C’ox,\iuc&j\ g
ol &’x gud,\ A \»\s\ b&e-@o\ ‘1“ h—Q Oﬁ%ﬂﬁdgu\cm [('[eu_&

M Cosvak sz\&'qteﬂw\ @M Hy o,ym tatemede J"wr

Cimouc,(%)\ gaoo[dée (\'\Q\S‘Qm-k»,,Q,‘.

-% M«zux“%e o m f\ﬂmm &M\ecw@m ,So M}» :

b ot fw~p<>re & guhsmm Q&N@w&w@ Teis wmcfz&lf»—"-

03» Q'JJ a (\*(X}-K\Ch( (/S [C\k&w\ a—& Cé;ﬂzgg’

%ameesk QZY tmggmﬁ( culde»Q D4 &LMMD% 3“*‘%/ :
5’% (&1 JM 55“ f“”i“'hf & ol Inbgic. aﬁw 4

Fﬁfa M»M é!\

oo e geanite |

oM’ b




e\u)«M P S WS T DU Lol gld Lo
%&u«\w& .@5 e bealdesu . Tl e&en&mv% N toseardlr
tﬁ}?éf@“ﬂ“«b citde. w’m e oﬁrcwfa g dem
7;};“-"““”3 allong 1
: e, ik bt Al L vden
.f?-rfvoumgfe amalice’ s e\mw o} \‘bm»a?é)/b

"l'b-‘?— \uce(\:Q-\"‘E 45' ‘}‘-‘9‘ e ;
~h,,\ o ejbcuh(’ bl w(,_\c}\ e\ed\'kM &fg\i& u: cm\\e& é\a&'ﬂ-\se&m@(’

tRanker com. e g
WWW FlrstRankercom U www, FlrstRanker com < i

"T\e e(oc»l c% c‘))\aséQ \e. C_uﬁe-»ﬁ\' '\u\gm,&& o\m\,‘, oo

,.“;Co@o&sx meQeX(aS) e c% %we E%M ’V\"-\*’*"’\‘C d“s‘% %

tamw&/s 1wz e

Loe

U‘P\e»\ Ck\:c\kckée U,S CLQ‘?\tEcD '\B Gngx-m\

5 ;

Coudhxe S\ &) c.emwzd\“%

000 Zoch. towe T C"—\Q@Q’K"“ Shodites e .

\

Avge Rea cguk gl M«g@\\e& .
M e *}@w‘u@i

> ('_L_K \g&
Q—’( S 1 O Q)\

\Qs& \soH—a&r; "Za_u_» Q@@se..& Droix&i&
o cdied éw &

PRI 6""\ ¢ \Z k)Fb’c@efedrqu
“\[o«—*«’- cris Oto [— Sl e
€0 | . Ot-aes § e “\bn\\g‘m‘*é‘%'
| 45/ \ockeos dwe | o
jlb\‘& vruc?w : » ,,g..""‘ hc'b\c_\:%ir&ﬂ‘&w” \
il e &,‘w&é\mk_w
‘ AVPIII%Q\')B\'\R%K '

Sig, | Z‘)\s\%% \wu«"ﬂ“\&w Cc\\:s.\va d\s\'ﬁ—*‘ Qu\cs-b-&‘ : =l

l

| Jle duigk e covsed devitby des N chovge

E Cu,x—\m Secla aJa e e&edcsw A ke.\e/\ G&QMQQW

?w\u% ‘hcccugk o Sacere. Cestivaelon S’QS\PQ»\'&LW\“’\ g e
 iseelion & Lot The Spesdien foc —hng.&% Qu\ege& e
“\"( g\, cioe, *b @g@ge&e&m% (/ham’iu\ B‘( A e




: rstRanker.com
, l Firstranker's choice

N R S i
@ad) tus Awrlhk Qu‘s‘s%& ig-—&\\‘-( '&? ‘ doe (k“ G \Q’f /\a T \{

- Qp = %)t?/fgﬁ A[Q““‘ -

-c‘)\hm N = wmedy Ses Q_\-Q,{&QSM pe. Qe C%-i‘t\u\&‘ce :
? ~ henyy Lolen REN Qsable RPNC SR LN ,
Je~ = ‘mb\o?\‘*‘f % elecyovA Lo Cult/ V=2
AT = el & Ller W awt s
C . Aghad elechse @eld uimstuby 1o\ (s

e Y e A A S i PP A R NS

D\é}o—- Cuowgond

Thia A e cowsed sl W e o tus ﬁscw—&o\d'

& Chetger eCoowing becang ¢ o o»\\é?m:uh Carnt
& chaxged Podkictenr T Ctne Com A &Sy ' |
Couliden. = piCca. § Soual Comdnacki R Y
foendy deped. Doe o 2~ vl e Qe ave_tpe
E cloge  Caxwens oCX O N R N S
Sl Covdack® . TTLE chaxge CaxMoM ase esfley elodnaus
A Lslen . & ov= Tepe Smpenting Spon tua Tumpowily Guad,
Thex bome fusa Sosma golaxiby Bl Laree Ex penierss =
Loxce - wepolsio~ bekioee r e, Tls xesolk iA “h»z&’hxeh
S o Tewdeuey - tfe chboyk Cadiel fo omeve gweadodiy
e o diffwr Ko s BHe~ F bafh. Gooven dooify fo T b
a Camer dorpty. Tlid pyocesd A aHeld ffesion T2iq ey 0ot

OB’OL@% Cntery oude fus pEoce M %0/"'/5"‘*3"0‘* GCrgh Foters 1
Co0t gllef) diffution Cane -,

T =y eV FIL&MH com ' www.FirstRanket.com

D

www.FirstRanker.com




iy Sonemen it
\ W;’fF'rsﬂ-RFagﬂ\[&%r&:‘gL e WWW FlrstRankgr com

i I—"Q\}.\)\L\%\’ CQ“QQMS‘»,“,Q[\,\ i - . ‘ P*geCe_)Jz cg \[yﬁ«:&w«-— e
| | e 3 = )fbomw cu\«\w ‘ o

Lot ?"
(P (o‘)"';‘,

i XO P ?iﬂ ‘
méﬁsﬁf\«%— ey QM%RG\Q q%ca,w’éx
Skoye % 5719-@[/\ CGAL&M\.»\ 8‘%15& c...,Q‘ :

L dpe
i e

—'—L-.-L dc%’os'“" Q—’Kk& Q‘M\\'\g L\’S ?’EQ EDY ‘[‘L‘Q\J &b 'b-—\ﬂ\cfa\ce,_\-—

'J

- Lw-v» mk A(f&uztu c.,wdc S
- e

Ses A
ozps ‘U‘BP Sh

m Qumu& dua to \J\o\% VAN \»\ 'f‘u-l c\ucer_ﬁ-io.-, c%_h,_p\ |
Q\\Nb&iox& CAM ﬂb\e&g '\-“ceoﬁaeg Cr%s-l-\)Q iu-\t ‘S\u& chus, .
5\“*?1’* ‘l i ,/5 e &5\,\% M—-\af—; di@@u&tw‘c\m&w h(, :

—

{gt: Le(u L\M ds {,G-U)Nw\ REV T QR»—J\\\\\( @D\— \\Q\e,g ((’5

6“ M % '\'\Fk‘*ﬁe \570_7\, ‘ Cﬁxd\é’é—us‘lw\&m&\ /5 Qlu‘e A
_-\:h o e.kea&'sc% Cuzs‘asedk ¢uc *h: MQQ&M M T




e M\’w ras @m Mw“”“‘ﬂ‘& i)
(:5«,\. ; * cﬁ) b\\ dw] - ;‘_

el j C"“”Q’U‘bu DLA@S% C’@u&m} v?a‘s Q‘Qmﬁ““"“& ’\S\’Qw
?esz Semueo C'\;.Q'(' Sec)

iR SRR G s e e
'lhuu i

TR G T Floduosd v &

R s\etg&, S oFe Corol
l—La\ed»cb‘b"é&m Cms'sv-uﬁgbf&hf e IM - Seuatty

‘%5 LMM

: lo‘hs& m& btawg‘['"q bue*l'b b}gdﬁ{L QQ B(M—u\\\h_ 7

R —

;Ské M%ﬂm g




_:\'GDEQ\('H@\»@& ’b "\'L-.& w\v‘\ hf (f*) c_oh_i.\e

"*5@&aa@ﬁ@wd&m

'{—ébg{&gﬂe\& \'%tRankercom www I‘:’}.i‘rs'tlt'?aﬁke‘rrrcom
—m& qaet et desthe O
d ﬁ”‘*‘”‘ c,gmuﬁf

; fé l/é \a\cm K\»@m

cﬁeu—A\h( IA F“scea‘g‘h‘b\m_& '[D '{1--& dlé'éuv\(u. C’a\a/ﬂh“-% Cb) l |

c,>Lch~ A Q,QQQQQ Pt \,._)&e_‘r\ug ‘zse&c&ww :
A=} DR ‘ : , ‘

b TL\*L %m&\w\ colac)n weloked fus woithy Cra)d
ch_ dpé@%_ &M(;s Al ad e Zrustelwd
M%%%kp |
o /"(G_MM\:.%\C»M% Lk &@Me&m Ly i

g kt : cuw(te,&dcw@»teﬁ’l}ré |
/“P ,uu

T C‘DLQM >4 "'—""Q' W““&U‘Q v \Q
L W)sl
. A»eQ Ic ,A 'wa I&b\-{—;\\a\e\\\\,&/g @,M @é&\ 2oy é‘lxlo e /

1 vv-'_‘?lb Qs tem \e»&'h,\ L : ,
Dee to e %ecm%\w&m-\ 0 Tua QD\:\CM&‘S@&\L\N &

I» d»cusae_ Gooters decswsy & &pcg@mi,l\a TN Y .thmi
G-\‘ s Hee®k d‘[réw&cv; e M%Q Gromeny beve SRoe '
Q&_ tiee  devated %a Y @K- m\qn&,\‘hu_\e esy&/\&\ b&%x RCarl
L Ml Reas nee Hee @b ree sleton
” w\ﬂ%wuam&%ﬁmg®e |
Af}w\ xuwfb»&m foare Closige Goaxrens ww\me& b
&Mw’%\m mlecrm Sgovensoalla b}d’k dvlﬁﬂ»cx mah o
m Q\QQ—W dv\f\\\»& Ge\*f‘.}\b& e %Sﬁ( Ce XA
U‘% CU\'\?@\ e\dle diffoato— ﬂxnc-al Tba Lgﬁgt‘;tu.k PA
C'é-ﬂe& &Aﬁumm (e»—yfk JZ' ﬁwﬁ oéw%c;.;m: .8 de).&@-F@O 5‘(







LE} )\Dc - Ca\»\m»c&*‘rs&w %c&m&\( aﬁm\wg

o é\ \e\‘h-x MOSS Sue C“J\msdeé/% < QASLQ& h{\& N C&'\MYZSKW  ‘
‘3 Vo 0\ Loy LoD e : ;

"'\Qof‘t‘u& Tave. Qe 'w\oﬁ\\\\‘l-‘éq % Tt ?55&‘\\{ QL\QJ(&K

M T Ahne ClaiN e A e Gk me@&\w o

-@@aee/\ex)esM A e La_:udu\*’km M\xe% L’\“%C”\?W)

m&&h&l@&'%\na%\m{lﬂ EBEMCQM bucram o -

L -_—L_h_ (am % %w“a"b&“‘ ("“A &‘“%Mtwg&w@

b&we‘-‘—"- QK-Q_LQD\QA&/\M Gewt&,kdrﬂc&%\w\ N \'\Q\Q %mtm\&?ﬁm i

vl—\—-\e& Ce\xm.cﬂamﬂ-\% AN @csm '”Ssa&a—q'?& 57*@ 'l‘»ux [&uz % |

Sodax ,u is‘ere &m«?'ﬁ
Gonaselin o

C oW -
zsﬁ& mosg— +uef&/\~\ ch&&‘a& wm&m mem)

"-.-_' NA “\'Q\ ‘

S\\ce ok Kes Q.ch\“w oA o whdle 14 a\ed&dh,

d\{ S e‘b““& 4> +<>\-QQ \ka&m&vme Q,QJ\B\k\a_l SR

[7SorPe marwmboay

: °®. Convn Udon o Mr-\"‘fpe e Covdodhon, LW [twow

O\CQQ@(“E\ Q-'Q‘D\'»-/& A &@Q CFQ ANA= QB ) Q_QAQ _ﬂkQ L U}‘ ‘

M-@m @r Qo M»hpQ_&men\m&m '-L\ Q,VCB "*"‘t‘sﬁti,ﬁ‘

- www.FirstRankercom .

L WWW: FlrstRanker com oL




:l: FirstRankercom
man&%@hm@&%w\wﬁﬁmmﬁ@% “vw@MWW Ftrsmn%r 251 L
L Comwm\ el e&m c@\hw\,\@\\ S QUW&
. : % m ‘-*-035 de\.\e‘& Q&b\%{ SHIEN cmc%&,@:em c\g_L@\«u\
| e O-Tupe Be LQododi o be etk &»eusrf"‘l;'
| "‘”‘wﬁ\ ol (N G nap s ‘W\‘* M R\ \,okn\ f/&ﬁ\“%«}:y »

i fu \Ge,Mnm

Gl e T |
‘ P - ﬁ%‘_ - o ‘ v—'>'®

(nasd \omﬁzg Som o @ 11‘,& SR Cm.w&u&’f\ h\o_cu»fe,\&m&ma
é}—d@-\é\ aford tA meve (e Ao <) ! ’fm\/OESrb\b\% f4 | “
| v | %QM\BQF,@S‘S\@Q&@A, CP>>\~> MQ)KQF{%\Q s,

P = /\/A‘
h‘~°— above selodin Wiour Tl o P-rpe 32'«\
G:,u‘dud!\?\ '7LL-EL L\b\q Camtm&gm.ﬂm\(?}, A %Q& (‘b 1'&12 o e}}—

S-0c eale) 39“"’*{”/"”‘ T C@&CQ»:MQ\% Geee e&%tﬁ-arm “wwas'a |
Ue._g\,e. |A- a\-b‘l._k-\ b‘-{’ +‘-\_‘> "GQ&»&L\N

fw’“ My e N

CK/‘}n wSie C@’\\&d\)d\(

__Z‘-L @@ucﬁu‘hr %— e AL — haPQ SQ}NQL\%L%\ TA %&*!L. éT

Sier Yo pen = 7 s S, b

.Su-u;e % /‘/b

! /5'0— @wd&:@é’m %q wﬁér/'c_ h@@uc&h ‘/:. &\\c«;& -'3}=




T www, FlrstRéﬁker ‘com " “ WWW FlrstRanhkér com |
é@ o Sracwqxew ""?S w&a&c& &\ ‘kw‘\‘cm\:\&m}&\ C@J\\\Q(k\é
Cumse& 4 ,(g F\;\qu& N o ~l~w:m\~g_\thk mkm&\adhc. @’-&.H |
' w‘du @\gx deu&\(t.q T oo oen Q\wmc @:caw G A, M@C%Q i
; 1“ -{u& du‘tﬂC_x:..Qmow\ gqxﬁm\,\&kao(w\ *lu &6\L~ ¢EQB m Pl«xwo-' |
uemw T cc..ueok\ el QQ@Q& ‘

TL—L/& RS \JQJL\Q os..e@o\ \\\. &QN\ C.mv&\ﬁta%ﬂ-d “l\'.\ dq&c&%\\kim
‘Aﬂ?& C‘(’J— wcnh:\\m& Ccoﬁk\@\ Cm\kt'i.\-‘&m-&\“ é&hom h\’ 3 “CLNL/TG-QQNO&\ :

A% .
‘ o /5@“&’““ Sk
Loz A%

Go\_ué\éw:\ o 5Q~—~ Qe\'\é&’@\ &\\\\? C’QJ.SL\Q‘\,.A W &@%&L\&m. ;
“‘bn-k‘\'u—tz -@6 mw K A Q(Q@\“a 1> Ve Kd““"—“-%fd\’\ é% A

: PlaLcQ& s '\'Luz Moéudﬂt Leld w\"('—'\ Q‘-%&\he oS &Qﬁ'\w& olNe 2
‘ »fcll'stL:Q'tG* : » : . . Bl

: ® é"‘ Sochn Ce\m\d'tw/.g *im eo‘ccq ‘i(s 8::55\—%%& d\/\‘\b&\ Legeng -
. e)m e e ~ue %’c‘l\sedivm “ng &gcq S CQM%Q LB\SQ-V:S\ ;

fa‘gqg ‘TCN& fb Cohn cadaiaks Ol (Q_\W\/{"{CPQ cdl‘fuﬁ Q\Qﬁ_&‘\@\&
cotud,\em wolexihy Gosions Sl be Reeed ‘\DmoﬂwL& %‘&gﬁé(r

’h-o S’f“sd’ Hereo il X w\\( Sty \\Qélufcl\&eh&f U’\% Q»Q\\\\
Xe),g@e.& ~lt> Sida 2, :

é\,\ G g%g\\gg\u\»\‘ &‘T&\\Q _\—(*"\ l\\q\\:&QCQ Q&Q{&)&(L Q.\Q[
| @ doe '\b k\&\\ Q&@Qﬁ% sl &ceﬂr &ch ok“fu& @@\en aele s
) r&e.\ep\—ﬂt) = QJE_ e ; e

- E @«u&dﬂ)- tsfum ’

i WWW FrrstRanker com.




F"-‘-UaﬁkEr‘Fé‘\a&E&@ W@vﬁ(ﬁaﬁker com www Fl‘rStRanker ‘cbm-,

T .»,

| m i (~_ B'\}d _;@

s mm \9& Ak d@%{ '\E&QQL\'\_(_, A\Ao o QJ\WQ g\@£

‘\h? 'iuq b Ko\ @b&e.;_Q— ‘\/S. J'.:l s Ehe S
&.f——— >@

e \)H & ua“ %\ﬁ\&,\ Q\ng% sa&um S\:‘sﬂu&& \}0\2 |
; TEA ‘h-»-ﬁ- Q\\*éetu.u!& &Q&LAQJDJA 3>°5€=\-L°~)§ \d (L

¥ :\"‘I§T'<

Tl cumw_ﬂe '&M(h{ Q’é) Vs te&&}e& o wasg)e %wt‘?’

(P> ; (Dwé —?@ G S %

| ' ' coluexe [-3 VA c}b\oxa,q dRM&L“l( o Q(‘\M

‘ vlﬁa = SPE’QDQ A """(S !
- Fu‘d’uu‘\ e C,u\sk%a-—Q‘ Ql-e_u&s.h( C'S> A Xe_\gM '\’OGM—L !3\(’

i ’( ; i
e e
Axen RN V4 |

C-D\MJLQ <o ‘A m(é\—u\ %{bg_ 8?‘((\? NN é\kw&s& it
< A Qld&(‘w é%f\‘m Looﬁ“\a% SQ’@@M%\@&

cod

pwb&e @q) @ \(u: £ d




s thoic >‘v_~\_»-Q1—3M"€‘Qs>Q1\
ps c%m %/H B W!\N\)é]FlrstRankerc www FlrstRankerc

d@.gyh{’ (7 edew= Q.mbe WW\\U&&! N 3

m E\c»_\\ Cs - eﬁ(ue& M\ A de‘@wq&gﬂ;

\(°

| M P«a&\ C:o@g&m@.u—% éJ SN P'ﬁeﬁ’& %Q_}.}J\\Qm\;\d-QQ&ﬁ\ \/g v%\re r_‘ :
i C._DLnJlSkM k{- A -—-\:e bz'ﬂ Qs D—ﬁf@e be,_,.gc@;u\c;\oc_ﬂ@\’ ‘

Ta ué\sa»&&ga c% iall \ e_jg@_ﬁ RM&QQQM NS ‘M'k*'e‘f

G"‘-Q Ve - @&w QQQ\QQ_)@ QQ\{‘LJ\ LMXe\ ‘Q@SQ(\:”QZ‘M 8 &\_\_N.Q_JJ 5\3&1,
| Azg m [Pcl@mhe %VH (gsu&» h&'?uz &u‘s@»eg 2\/\%-\”2
ﬁ»ﬁ»mmc%mm Q_QQ.G_QW 59405? Csx-w\ w\gl\-»e

o 4

“LQ C’c‘_,_éqc_Q—LuQ\’Lg & Qe &{—x\u\&t\c Se.»l\ Q@Aé&gila\ t‘\ &x\»-».%\g

-o_‘ _Armg) = %

c:( are /Le-—_ et it F Gostiery e ',\LIL(\M& e

SN LD
\%1

St ol s
e g b0 O
AR — - PR r




P FIrsthankKer.com

q

C'ic"’{'i!'f'?‘;“'Iwu'"ﬂf’""'d‘trztiGD“3’4"Q(/'(/ﬁ?\/\‘;—"|rfstRanker com - ‘”www‘!FirstRaﬂke’r*-c’om :

T[‘-"- Gb\&‘\'\\kgk{‘t( &gmﬁlw u/§ a d‘@&:\e\.\;@%& %wuﬂ‘bf\

'!L& 6ouM Mxeﬂaﬂ-&)—@h\p c%’ ‘(Lk C’aﬁkab\ Cso\ai?.
bo*b\ t.:)'“{b\ -l—\mag&ckv%&»\ca ‘7,‘_:.,; e_,bo@h\ ,gc{gsme& M”\bﬂ

&wxs c%— Qm&emw:@'h"“* <% Clexged ?m%m@y

me\%[ '> i%/Axqu :

!

l

i oAy L4dl
|

B ] TpCxdd=)
‘50,6()/”\" " ———— e P e——y
LR Prtn)

17 Sy

v L e
. ju/'t 7
B Rt SO x+=€x
Ce\k%?&qs\ '\’L&- 'i\k-e;;u\\ \ﬁub\\w\o& qh. P Q\Mre‘ %\[O\M

% @ A A \@Ag@,\ dx o&%«w S~ -%g “\Lz quaxm& mke .

"-Q;uce&iv\.,%m A B The Gaotel W\ué m«m\wg&—
-X 1 A lecwug c&?ﬁ-\-dm (2 _\+d, RYE=NS Cﬂ»\&v\ga ;\»\Cu\nb;
Y bQCnJ-’—&L %dcggg&@\ oo e +o db@.ub@« ‘e Ce‘«(@;—{\‘\{"
Xt~ F cloxge @ioveny &eoseox% &k@c\'\e}&qﬂw m(\*«ﬁ‘—-&\

g&w
' &&,ex}&g ,

Ioeu.:.b‘"ff nﬁ '?7.»-':. NP0 sze '&v«z 0% fa (-\Q\Q,St\-\q_._,\ '

./,.

: P Hu\% ?QA SQCO\A-& LD’X@ Q:se Ke@a\uf% QL,\o‘.Q\“v« =3\ \;\»\%\Bﬂh\d\
\g? _ iy
s bme -l—o ‘Geﬁo%‘u VkD&‘OJ\c Mou% C"D\\_;u-g\a,\ M ng\.\,é
il decxe_q. 352& L.D\-\—LN\‘-K 'h.& 6\\*&-\ &ﬁ\\“‘*"‘& \/S Lo :
" _ ; C/Q;\Ob(&g \J«a\% [ Sec .Y
o T o~ Le\ej & Pes L:\\L L \m\&v& - E\/O\\-’\D—?\l

q;A Ax.—?—— : .._.q» W\

‘f,’-ﬁ‘.;. : CL/ P ._g. x(}(é)() —-."




» FirstRanker.com '
‘ =Il F"’-"true”‘f&ﬂ"f Ty wsederrankerRht <\ Srilirrs AR O!

oS 8‘53‘«@‘«}%& &\e *h@smi %?_&)«:SL:.&J‘L& TN e N \)o\ou—-m. Dua, ,
o Yo, NN CQU\MBA - S W ol d (k\C\.{M%@\\\"'\ "fzu\lo\\\w

Cﬁk& Q\Q»-d-
vl il ¢

= Qd Adx ——‘?@

\7:“:5 Fra totel wq\ﬁe e “QJL_ Covlovulba P SRceuwd LA
be cntitie. C&-‘h&\f%w c.«?;twtcmﬂt’n&‘w?ﬁm ®®d®

R & Choomge o Lafled  Pex ik vdome gosn Seeend A ii

’ Hewea: “+os '{'a\'q_,q CRnecnfe T CeoolowhA o Secad ek e

a‘t\s-'au-. \.\o\ [SURVAE =

CU _,__- XQ)Q\G\-—M—‘L)

= q, <P AdX

e
dp @)
X s ot
= ﬁ/A = 1

AC‘Co\sdéa Y lowos oy C‘o\.\be)\ww&?\-; %CL&:@A.
t i T = ©
VYAdx 28 - _ o, Adxl + 9y§AD K —21 =
® d& v Te ?}
ooty Tla ~Le S%—«\ \“étc‘}m do CxaAn wile e EUCK\QG'EQ.A ’\U\C‘(W

-'~c-£e-:-—_f)/+ _.l—._cll_}— ___7®

< Te v dx
e T 4ot ook ek S A dee to ke el
d~{°&xe~ Crussa éP

SR d <=

www.FirstRanker.com



£k

. i
g;ﬁfgikﬁrasgm'&g[:f&?ﬂ i Yot “ft_,k@\\.,c& Qg L\l\bgt?wulv €9,

www.FirstRanker.com www.FirstRanker.co

595&@&@9\ o ws Encesewnad e&@zQ}:tt. Lre W T hole ‘{‘QJ’“X‘{T(
C..D“\\\ Qj&&ﬂ:)-\_k (=N Cb\lw \\(}.ﬁ.uﬂ_ ?Q v W éQ}\_ "\LJ-&A C'!\"'\(\ \l‘r_)-. LY = Q,
e Xeo el §§ s <ee te @Qam\"&\"‘“"‘ LMy j”‘ GO

Po
o a i — @)
3 T®

T Q‘ij@ tuds g o —h&m‘m{ Rqyut \tk vt ‘@
ot ot Loled afte fravandly Je@mnfol Lot @k fa o
sate. b el Loles o letd duoe fo W Y @bt

Loty @ED (D
.. Eog L [-yvp v opet]
d Te

Ld Py e E
X

___>

Tlaa e eled Cgeclion g Gow Larvmdi B cloxge

AL heles tw whfd)e vealextel ona CGeuSidenial

2% Ko SR O bt
v T T TP e M

Sisalermr ha G ou e G vobi- B e Nerbray (\&E*‘}TPQ
LAJQNJ G e cowillo, . aA

. = &
ONe . Do MmO g é)(% D
o 2 Ox™~ Bx

‘e b

m

D

— W FiTStRanker.com




-irstRanker.com

| aun Qlerfe o L Geudentre toed 4 Tone 8 ds Dobuilkbe
& fudey o hele o fum s Lol A Dane, o abxlei

()

i Gtk . TR (o ' TG Y
lrsﬁanker L LCE LovidigrirsRan keI m \Q’“ov)v'vﬁﬁ:lrstl\?ankér com

F@,‘&\;.«_\ Tiooas -Qdu.g.gj‘ov“.

é"‘ Emexgy boud iogror, “tea th\{*’\( Frak fra

Que:sé\( lened 34 occwpied bw lectg~ 5 > Jues o\
Fexut - Dixac Prababilife & ucun dornstel ot .QQE).

§t A given by dr Exprertion,

\
£y = — |
A E"EF>/(:J

)

(E-Epd/kr
ﬁ/

olena e meMsa ceds ot 1 Q) V/°l(

> Fexullesel S chrolccferithich evexge ®
ha Oweiel eV

B > Bxemp leved cccorad Lo oo clesbio el

Tle Bcua leved (P iedi Ghey = PobebiVng Foctaga+

W L as Euwesge (el be a— elec fen,

e LY

~— <
3

. 4 . - —~%=,
Aol T = ) %

www.FirstRanker.com



W RN L
Flﬂ-mk gcﬂme\\‘)e "?& LD\A@-‘Q S SR \ \

www.FirstRanker.com T WWW. F\wstl?a cém
Canid o e bl whele By be s Waghepe @wedse (emen |
e o WN— S . :

IU\ ‘M \309‘(\_ T g.\\\d w’(‘i *QA\Y’(’\\) Q"t\\tx ‘\Lse\i\;}.\»\(‘ S (—”% \}WQ\ W \{X

C?.‘QLM Q& L'\L\\Qs é\ 3Q\.\€‘\\QQ\\_Q {\(‘&LQ\ 1‘9\\‘;\&)(““ [\hf AB G\,‘t\ a

\k\x\ L\Q\Q i\
e ‘ @.—Q_k'd\:\ ‘\&.L,

Ledanes boal A Sowew

(Y 'QQ&»—L \@_\)Q& T t-\-hDC’Lk a GAC f’S a‘\\-‘om_ 5\(*, ,

Ce:\\\\\‘:—h EQ-&»OO\ X \\& w'sd k‘\“(‘ ‘5\ t‘\\

P‘G?:-QD: !
é \\*k\\\&lc }\0’9@‘&/\ s Cxe \&\.Q oo ba @\Q‘LQ\"&-M\( { \;"h*
‘\\Qu*‘(’u& .
N: ‘—?r 3 T - )/& 3
~ CBc =€) /¥ - CCf -l
TRane @,Y\x;_ e & C[c S / 3 N /\(\( = ~

fe @NvU ase s dam Wk & Gy \on Comdhaclne AVelose,

Lot w—k@ediue,\(‘
- (Geg - kv -
MNe e CCy ) /i
M _CCe e/kT
@

Ce 4By & Bc ~ER AT
= &

Takiy legasitu & ot Sidas
ff (-Ef +E6v 4B =Ep) (T
= (E-C l-E\J-c.tF B/lCT

U ~
l<1’/(-04__,£ — L. aBy -REF

Ay
i aRBetiBY KT g A
- e e SA
3 [ - - "1‘?\/ o~ LV
‘_ Q: T __L_f.{ sy P = Oy b Lot *;';@":o




|rstR

nrsnranke

Fexoa (e\(e} toe S tnlic Lo et

Tle

i LT P <€

e Lot e W o Y-

colasts NA;M\{Q

ettt T s 1 2o

ice ' i ’
WWW. FlrstRanker com . www.FirstRanker.com
aseb Bl
e :
; S
=0 K
//
E(': i s Lo \e~wel
Ev —7T :
1\ ns t\ N > W
E \\\\:‘\ ™ ) “\ . g

Leéue& dn oua Lﬁf‘e‘»ﬁQ WDM\J\ ‘/Saw&,- EL(

Fex-x

c

AN

EF_ = E:(’_ b l(\ ’/L”)_D

~CEc- BT M o B A TR,

o wootevad 1A grve— ¢
Pev .

N =

E—[‘— ;E\( —{—K\ A_)'A_
S (Br-EIET | otk gaccepi et
+a 6;@&:'5\7/(( % Caxe- I‘\Q\u& Yol g0 - eX P- l-z‘qg?(Q

www Eij




‘FIrstkanker.com

Il Fnrstrankemthmce oy : Ay ' e ]
o - www.FirstRanker.com - www.FirstRanker.com

UNIT -2

JUNCTION DIODE CHARACTERISTICS ‘

SPECIAL SEMICONDUCTOR DEVICES
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UNIT I
JUNCTION DIODE CHARACTERISTICS
1.1 QUANTITATIVE THEORY OF PN JUNCTION DIODE:

1.1.1 PN JUNCTION WITH NO APPLIED VOLTAGE OR OPEN CIRCUIT
CONDITION:

In a piece of sc, if one half is doped by p type impurity and the other half is doped by n type
impurity, a PN junction is formed. The plane dividing the two halves or zones is called PN
Junciion. As shown in the fig the n type material has high concentration of free electrons, while p
type material has high concentration of holes. Therefore at the junction there is a tendency of
free elecirons to diffuse over to the P side and the holes to the N side. This process is called

Conveniional Current Flos

diffusion. As the free electrons move across the junction from N type to P type, the donor atoms
become positively charged. Hence a positive charge is built on the N-side of the junction. The
free elecirons that cross the junction uncover the negative acceptor ions by filing the holes.
Thercfore a negative charge is developed on the p —side of the junction..This net negative charge
on the p side prevents further diffusion of electrons into the p side. Similarly the net positive
charge on the N side repels the hole crossing from p side to N side. Thus a barrier sis set up near
the junciion which prevents the further movement of charge carriers i.c. elecirons and holes. As a
consequence of induced electric field across the depletion layer, an electrostatic potential
difference is established between P and N regions, which are called the potential barrier, junction
barrier, diffusion potential or contact potential, Vo. The magnitude of the contact potential Vo
varies with doping levels and temperature. Vo is 03V for Ge and 0.72 V for Si.

The electrostatic field across the junction caused by the positively charged N-Type region
tends to drive the holes away from the junction and negatively charged p type regions tend to
drive the electrons away from the junction. The majority holes diffusing out of the P region leave
behind negatively charged acceptor atoms bound to the lattice, thus €xposing a negatives pace
charge in a previously neutral region. Similarly electrons diffusing from the N region expose
positively ionized donor atoms and a double space charge builds up at the Junction as shown in
the fig. 1.7
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It is noticed that the space charge layers are of opposite sign to the majority carriers
diffusing into them, which tends to reduce the diffusion rate. Thus the double space of the layer
causes an electric field to be set up across the junction directed from N to P regions, which is in
such a direction to inhibit the diffusion of majority electrons and holes as illustrated in fig 1.7.
The shape of the charge density, p, depends upon how diode id doped. Thus the junction region
is depleted of mobile charge carriers. Hence it is called depletion layer, space region, and
transition region. The depletion region is of the order of 0.5um thick. There are no mobile
carriers in this narrow depletion region. Hence no current flows across the junction and the
system is in equilibrium. To the left of this depletion layer, the carrier concentration is P=Na and

to its right it is n= Np.

N
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1.1.2 FORWARD BIASED JUNCTION DIODE

When a diode is connected in a Forward Bias condition, a negative voltage is applied to the N-
type material and a positive voltage is applied to the P-type material. If this external voltage
becomes greater than the value of the potential barrier, approx. 0.7 volts for silicon and 0.3 volts
for germanium, the potential barriers opposition will be overcome and current will start to flow.
This is because the negative voltage pushes or repels electrons towards the junction giving them
the energy to cross over and combine with the holes being pushed in the opposite direction
towards the junction by the positive voltage. This results in a characteristics curve of zero current

Ll fn i e G www.EirstRanker.com
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g ﬂbwing up to this voltage point, called the "knee" on the static curves and then a high current
flow through the diode with little increase in the external voltage as shown below.

Forward Characteristics Curve for a Junction Diode

Forward Current

] o I} E
Silicon | I
sk S Diode G 2 (e |
B ST et g . i e R B
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% U s e b e ;/ Bias |

L Ty 63 04 05 06 07 68 05 1.0
B e ' Forward Voltage { V¢ volts) LR

The application of a forward biasing voltage on the junction diode results in the depletion layer
becoming very thin and narrow which represents a low impedance path through the junction
thereby allowing high currents to flow. The point at which this sudden increase in current takes
place is represented on the static I-V characteristics curve above as the "knee" point.

Forward Biased Junction Diode showing a Reduction in the Depletion Layer
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This condition represents the low resistance path through the PN junction allowing very large
currents to flow through the diode with only a small increase in bias voltage. The actual potential
difference across the junction or diode is kept constant by the action of the depletion layer at
approximately 0.3v for germanium and approximately 0.7v for silicon junction diodes. Since the
diode can conduct "infinite" current above this knee point as it effectively becomes a short
circuit, therefore resistors are used in series with the diode to limit its current flow. Exceeding its
maximum forward current specification causes the device to dissipate more power in the form of .
heat than it was designed for resulting in a very quick failure of the device.

'1.1.2 PN JUNCTION UNDER REVERSE BIAS CONDITION:

negative terminal ’ I positive terminal

A silicon p—n junction in reverse bias.

Reverse Biased Junction Diode

When a diode is connected in a Reverse Bias condition, a positive voltage is applied to the N-
type material and a negative voltage is applied to the P-type material. The positive voltage
applied to the N-type material attracts electrons towards the positive electrode and away from the
junction, while the holes in the P-type end are also attracted away from the junction towards the
negative electrode. The net result is that the depletion layer grows wider due to a lack of
electrons and holes and presents a high impedance path, almost an insulator. The result is that a

high potential barrier is created thus preventing current from flowing through the semiconductor
material.

Reverse Biased Junction Diode showing an Increase in the Depletion Layer

- www.FirstRanker.com
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Reverse BiasingVoliage B ag -

This condition represents a high resistance value to the PN junction and practically zero current
flows through the junction diode with an increase in bias voltage. However, a very small leakage
current does flow through the junction which can be measured in microamperes, (nA). One final
point, if the reverse bias voltage Vr applied to the diode is increased to a sufficiently high enough
value, it will cause the PN junction to overheat and fail due to the avalanche effect around the
junction. This may cause the diode to become shorted and will result in the flow of maximum
circuit current, and this shown as a step downward slope in the reverse static characteristics

curve below.

Reverse Characteristics Curve for a Junction Diode
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Sometimes this avalanche effect has practical applications in voltage stabilising circuits where a
series limiting resistor is used with the diode to limit this reverse breakdown current to a preset
maximum value thereby producing a fixed voltage output across the diode. These types of diodes
are commonly known as Zener Diodes and are discussed in a later tutorial.

1.2 VI CHARACTERISTICS AND THEIR TEMPERATURE DEPENDENCE: Diode

terminal characteristics equation for diode junction current:

Where VT = kT/q;

I, =1,

VD_ diode terminal voltage, Volts

v

(e nvr _ 1)

lo _ temperature-dependent saturation current, pA

T _ absolute temperature of p-n junction, K
k _ Boltzmann’s constant 1.38x 10 -23J/K)
q _ electron charge 1.6x10-19 C

n = empirical constant, 1 for Ge and 2 for Si

+I (mA) ? Forward

Reverse
Breakdown
Voltage
v oy
]
Reverse Voltage T
-50mA
“Zener Germanipm
Breakdown -20mA Silican
or Avalanche Reverse
Bias

Region

-I (A

Temperature Effects on Diode

Temperature can have a marked effect on the characteristics of a silicon semiconductor

Current

+V

! Forward Vallage
|
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diode as shown in Fig. 1.24. It has been found experimentally that the reverse saturation current
Io will just about double in magnitude for every 10°C increase in temperature.
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Figure 1.24 Variation i’n ld lode characteristics with temperature change.

It is not uncommon for a germanium diode with an lo in the order of 1 or 2 A at 25°C to have a
leakage current of 100 A _ 0.1 mA at a temperature of 100°C. Typical values of Io for silicon are
much lower than that of germanium for similar power and current levels. The result is that even
at high temperatures the levels of lo for silicon diodes do not reach the same high levels
obtained.for germanium—a very important reason that silicon devices enjoy a significantly
higher level of development and utilization in design. Fundamentally, the open-circuit equivalent
in the reverse bias region is better realized at any temperature with silicon than with germanium.
The increasing levels of Io with temperature account for the lower levels of threshold voltage, as
shown in Fig. 1.24. Simply increase the level of Io in and not rise in diode current. Of course, the
level of TK also will be increase, but the increasing level of Io will overpower the smaller
percent change in TK. As the temperature increases the forward characteristics are actually
becoming more “ideal,”

1.3 IDEAL VERSUS PRACTICAL RESISTANCE LEVELS

DC or Static Resistance

The application of a dc voltage to a circuit containing a semiconductor diode will result
in an operating point on the characteristic curve that will not change with time. The resistance of
the diode at the operating point can be found simply by finding the corresponding levels of VD
and ID as shown in Fig. 1.25 and applying the following Equation:

-‘www.FirstRanker.com
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The dc resistance levels at the knee and below will be greater than the resistance levels obtained

for the vertical rise section of the characteristics. The resistance levels in the reverse-bias region

will naturally be quite high. Since ohmmeters typically employ a relatively constant-current

source, the resistance determined will be at a preset current level (typically, a few mill amperes).

"."Jg;-:(bﬂ}ﬁ? g

ty

Figure 1.25 determining the de resistance of a diode at a particular operating point.

AC or Dynamic Resistance

It is obvious from Eq. 1.5 that the dc resistance of a diode is independent of the shape of

the characteristic in the region surrounding the point of interest. If a sinusoidal rather than dc

input is applied, the situation will change completely. The varying input will move the

instantaneous operating point up and down a region of the characteristics and thus defines a

specific change in current and voltage as shown in Fig. 1.27. With no applied varying signal, the

point of operation would be the Q-point appearing on Fig. 1.27 determined by the applied dc

Jlevels. The designation Q-point is derived from the word quiescent, which means “still or

unvarying.” A straight-line drawn tangent to the curve through the Q-point as shown in Fig. 1.28

in voltage and current that can be used to determine the ac or

dynamic resistance for this region of the diode characteristics. In equation form,

where A signifies a finite change in the QUANTTY.
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Flguré 1.28 determining the ac resistance at a Q-point.

1.4 DIODE EQUIVALENT CIRCUITS
An equivalent circuit is a combination of elements properly chosen to best represent the
actual terminal characteristics of a device, system, or such in a particular operating region. In
other words, once the equivalent circuit is defined, the device symbol can be removed from a %
schematic and the equivalent circuit inserted in its place without severely affecting the actual o

behaviour of the system. The result is often a network that can be solved using traditional circuit

analysis techniques.

Piecewise-Linear Equivalent Circuit

One technique for obtaining an equivalent circuit for a diode is to api)roximate the
characteristics of the device by straight-line segments, as shown in Fig. 1.31. The resulting
equivalent circuit is naturally called the piecewise-linear equivalent circuit. It should be obvious
’ from Fig. 1.31 that the straight-line segments do not result in an exact duplication of the actual
characteristics, especially in the knee region. However, the resulting segments are sufficiently
close to the actual curve to establish an equivalent circuit that will provide an excellent first
approximation to the actual behaviour of the device. The ideal diode is included to establish that %}
there is only one direction of conduction through the device, and a reverse-bias condition will

result in the open- circuit state for the device. Since a silicon semiconductor, diode does not

reach the conduction state until VD reaches 0.7 V with a forward bias (as shown in Fig. 1.31), a
battery VT opposing the conduction direction must appear in the equivalent circuit as shown in
Fig. 1.32. The battery simply specifies that the voltage across the device must be greater than the
threshold battery voltage before conduction through the device in the direction dictated by the
ideal diode can be established. When conduction is established, the resistance of the diode will

. be the specified value of rav.

www FirstRanker.com



:1 IrsthankKer.com

Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

—a{ ™ T 1w

Figure 1.31 Qé_ﬁg_iggthe piecewise-linear equivalent circuit using straight-ine segmentsto

Figure 1 32 Compoenents of the piecewise-lincar equivalem circuit.

The approximate level of rav can usually be determined from a specified operating point on the
specification sheet. For instance, for a silicon semiconductor diode, if IF _ 10 mA (a forward

conduction current for the diode) at VD _ 0.8 V, we know for silicon that a shift of 0.7 V is

required before the characteristics rise.
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TTABLE 135 Diode Equivalent Circutis (Models)
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1.5 TRANSITION AND DIFFUSION CAPACITANCE

Electronic devices are inherently sensitive to very high frequencies. Most shunt
capacitive effects that can be ignored at lower frequencies because the reactance XC=1/2xfC is
very large (open-circuit equivalent). This, however, cannot be ignored at very high frequencies.
XC will become sufficiently small due to the high value of f to introduce a low-reactance
“shorting” path. In the p-n semiconductor diode, there are two capacitive effects to be
considered. In the reverse-bias region we have the transition- or depletion region capacitance
(CT), while in the forward-bias region we have the diffusion (CD) or storage capacitance. Recall
that the basic equation for the capacitance of a parallel-plate capacitor is defined by C=€A/d,
where € is the permittivity of the dielectric (insulator) between the plates of area A separated by
a distance d. In the reverse-, bias region there is a depletion region (free of carriers) that behaves
essentially like an insulator between the layers of opposite charge. Since the depletion width (d)
will increase with increased reverse-bias potential, the resulting transition capacitance will

decrease. The fact that the capacitance is dependent on the applied reverse-bias potential has

Fig 1.7d VI characteristics of ideal diode
www.FirstRanker.com
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application in a number of electronic systems. Although the effect described above will also be
present in the forward-bias region, it is over shadowed by a capacitance effect directly dependent
on the rate at which charge is injected into the regions just outside the depletion region. The

capacitive effects described above are represented by a capacitor in parallel with the ideal diode,

as shown in Fig. 1.38. For low- or mid-frequency applications (except in the power area),

however, the capacitor is normally not included in the diode symbol.
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Diode capacitances: The diode exhibits two types of capacitances transition capacitance and

diffusion capacitance,

Transition capacitance: The capacitance which appears between positive ion layer in n-
region and negative ion layer in p-region.

Diffusion capacitance: This capacitance originates due to diffusion of charge carriers in

the opposite regions.

The transition capacitance is very small as compared to the diffusion capacitance.

In reverse bias transition, the capacitance is the dominant and is given by:

Cr=€EAW

where Cr - transition capacitance

A - diode cross sectional area

W - depletion region width

In forward bias, the diffusion capacitance is the dominant and s given by:

Cp=dQdV =t*dl/dV = t*g =zr (general)

where Cp - diffusion capacitance

dQ - change in charge stored in depletion region

www.FirstRanker.com
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V - change in applied voltage
T- time interval for change in voltage

g - diode conductance

r - diode resistance

The diffusion capacitance at low frequencies is given by the formula:

Cp =12 (low frequency)

The diffusion capacitance at high frequencies is inversely

proportional to the frequency and is given by the formula:

Cp = g(x20) *

Note: The variation of diffusion capacitance with applied vollage is used in

the design of varactor.

1.6 BREAK DOWN MECHANISMS

When an ordinary P-N junction diode is reverse biased, normally only very small reverse
saturation current flows. This current is due to movement of minority carriers. It is almost
independent of the voltage applied. However, if the reverse bias is increased, a point is reached )
when the junction breaks down and the reverse current increases abruptly. This current could be
large enough to destroy the junction. If the reverse current is limited by means of a suitable series
resistor, the power dissipation at the junction will not be excessive, and the device may be
operated continuously in its breakdown region to its normal (reverse saturation) level. It is found
that for a suitably designed diode, the breakdown voltage is very stable over a wide range of
reverse currents. This quality gives the breakdown diode many useful applications as a voltage

reference source.
The critical value of the voltage, at which the breakdown of a P-N junction diode occurs is called

the breakdown voltage. The breakdown voltage depends on the width of the depletion region,
which, in turn, depends on the doping level. The junction offers almost zero resistance at the

breakdown point.
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There are two mechanisis by whtiel breakdown can oceur at o reverse blased PN Junetion ;

L. avalanche breakdown und

2. Zener breakdowii.

Avalanche breakdown and

The minority carriers, under reverse biy
kinetic energy which increases with the i
voltage (say 5 V or morce),

sed conditions, Mowing through the Junctlon aeqilie a
nerease in reverse voltige, Al i salflelently high reverse

the kinetic enerpy of minorlty carvlers hecomes 5o large that they
knock out electrons from (he covalent bonds ol the semlconductor materlnl, Ay o resull of

collision, the liberated elcetrons in (yin liberate more electrony und the ewment becomer very

large leading to the breakdown of the crystal steucture lwelf, 'Ihis phenomenon v ealled (he

P avalanche breakdown. /e breakdown region s the kiee of the cliaracteriste eurve, Now the
current is not controlled by the junciion voltage but rather by the external eivents,

Zener breakdown

Under a very high reverse voltage, the depletion region oxpands und (he potentlal barrler
increases leading (o a very high electric field across the Junction. ‘Ihe oleetric fTeld will break
some of the covalent bonds of the semiconductor atoms leading to a large number of free
minority carriers, which suddenly increase the reverse current, 'This Is called e Zener ofleel,
The breakdown occurs at a particular und constant value of reverse voltago ealled the broukdown
voltage, it is found that Zener breakdown occurs at electric fiold intensity of ubout 3 x 1077 V/im,
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Either of the two (Zener breakdown or avalanche breakcdown) may occur independently,
or both of these may occur simultancously. Diode junctions that brenkdown below 5 V we
caused by Zener effect. Junctions that experience breakdown ubove 5 V nre caused by avalanche
effect. Junctions that breakdown around 5 V are usually caused by combinution of two offects,
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UNIT il
RECTIFIERS & FILTERS:

3.0 INTRODUCTION

For the operation of most of the electronics devices and circuits, a d.c. source is required. So it is
advantageous to convert domestic a.c. supply into d.c.voltages. The process of converting a.c.
voltage into d.c. voltage is called as rectification. This is achieved with i) Step-down Transformer, ii)
Rectifier, iii) Filter and iv) Voltage regulator circuits.

These elements constitute d.c. regulated power supply shown in the fig 1 below.

AC —-Transformer|> Rectifier [->- Smoothing }-> ﬂﬁgmﬁfbf“%?@g;gm
Mains 1 e

Block Diagram of a Regulated Power Supply System

figl . Blockdiagram of Regulated D.C. Power Supply

v’ Transformer — steps down 230V AC mains to low voltage AC.
I V" Rectifier — converts AC to DC, but the DC output is varying.
v" Smoothing — smooth the DC from varying greatly to a small ripple.

v" Regulator — eliminates ripple by setting DC output to a fixed voltage.

The block diagram of a regulated D.C. power supply consists of step-down transformer,
rectifier, filter, voltage regulator and load. An ideal regulated power supply is an electronics circuit
g designed to provide a predetermined d.c. voltage Vo which is independent of the load current and
variations in the input voltage ad temperature. If the output of a regulator circuit is a AC voltage then
it is termed as voltage stabilizer, whereas if the output is a DC voltage then it is termed as voltage
regulator.

3.1 RECTIFIER:

Any electrical device which offers a low resistance to the current in one direction but a high resistance to
the current in the opposite direction is called rectifier. Such a device is capable of converting a sinusoidal
input waveform, whose average value is zero, into a unidirectional Waveform, with a Non-zero average
component. A rectifier is a device, which converts a.c. voltage (bi-directional) to pulsating d.c; voltage

(Unidirectional).

Fooashie i www .FirstRanker.com
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Characteristics of a Rectifier Circuit:

Any electrical device which offers a low resistance to the current in one di'rectiqn but a high
resistance to the current in the opposite direction is called rectifier. Such a device is capable of
converting a sinusoidal input waveform, whose average value is zero, into a unidirectional waveform,
with a non-zero average component.

A rectifier is a device, which converts a.c. voltage (bi-directional) to pulsating d.c..Load currents:
They are two types of output current. They are average or d.c. current and RMS currents.

Average or DC current: The average current of a periodic function is defined as the area of one , @%
cycle of the curve divided by the base. "

Itis expressed mathematically as

. Area over one period
1) Average value/dc value/mean value= P

Total time period

1 T
Ve = [va(wn)
0

ii) Effective (or) R.M.S current:

The effective (or) R.M.S. current squared ofa periodic function of time is given by the area of one
cycle of the curve, which represents the square of the function divided by the base.

. ’1’ )
Vrnr.v: ?_([V d(W’)

It is the ratio of peak value to Rms value

iii) Peak factor:

Peak factor = M
rmsvalue

- www.FirstRanker.com
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iv) Form factor:

It is the ratio of Rms value to average value

e ©
Form faCtOFM

averagevalue

v) Ripple Factor (I") : It is defined as ration of R.M.S. value of a.c. component to the d.c. component
in the output is known-as “Ripple Factor”.

1“= Vac
V

de

V=iV Ve

L

vi) Efficiency (77):

It is the ratio of d.c output power to the a.c. input power. It signifies, how efficiently the rectifier circuit

converts a.c. power into d.c. power.

_ o/ p power
i/ p power

vii) Peak Inverse Voltage (PIV):

L))

It is defined as the maximum reverse voltage that a diode can withstand without destroying
the junction.

t

viii) Transformer Utilization Factor (UTF):

The d.c. power to be delivered to the load in a rectifier circuit decides the rating of the
Transformer used in the circuit. So, transformer utilization factor is defined as

TUF = Fa

p ac(rated)

- www.FirstRanker.com
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iX) % Regulation:

The variation of the d.c. output voltage as a function of d.c. load current is called regulation. The
percentage regulation is defined as

% Re gulation = —-—L- 4 B Vo =V ¥100

L

For an ideal power supply, % Regulation is zero. kﬂ%

3.2 CLASSIFICATION OF RECTIFIERS:

Using one or more diodes in the circuit, following rectifier circuits can be designed.

1) Half - Wave Rectifier
2) Full — Wave Rectifier
3) Bridge Rectifier

3.2.1) HALF-WAVE RECTIFIER:

A Half — wave rectifier as shown in fig 2 is one, which converts a.c. voltage into a pulsating voltage
using only one half cycle of the applied a.c. voltage.

)

v Pulsating

DC output
voltage

The a.c. voltage is applied to the rectifier circuit using step-down transformer-rectifying element i.e.,

fig 2 Basic structure of Half-Wave Rectifier

- p-n junction diode and the source of a.c. voltage, all connected is series. The a.c. voltage is applied
to the rectifier circuit using step-down transformer

www.EirstRanker com L ML RNt
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fig 3 input and output waveforms of a Half wave rectifier

| =V sin (wt)

i The input to the rectifier circuit, Where V,, is the peak value of secondary a.c. voltage.

|

| Operation:
For the positive half-cycle of input a.c. voltage, the diode D is forward biased and hence it conducts.
Now a current flows in the circuit and there is a voltage drop across RL. The waveform of the diode
current (or) load current is shown in fig 3.
For the negative half-cycle of input, the diode D is reverse biased and hence it does not
Conduct. Now no current flows in the circuit i.e., i=0 and Vo=0. Thus for the negative half- cycle no
power is delivered to the load.

@ Analysis:

In the analysis of a HWR, the following parameters are to be analyzed.

DC output current
DC Output voltage
R.M.S. Current
R.M.S. voltage

Rectifier Efficiency (N )
Ripple factor (Y )

?ea_k 'Factor

N O AW N A

www.FirstRanker.com
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8. Y% Regulation
9. Transformer Utilization Factor (TUF)
10. form factor

11. o/p frequency
Let a sinusoidal voltage Vibe applied to the input of the rectifier.
Then V=V, sin (wt) Where V,, is the maximum value of the secondary voltage. Let the diode be
idealized to piece-wise linear approximation with resistance Rrin the forward direction i.e., in the ON

state and Rr(==) in the reverse direction i.e., in the OFF state. Now the current i' in the diode (or) in

the load resistance Riis given by V=V, sin (wt)
i) AVERAGE VOLTAGE

T
v, = —]1; [vd(we)
0

V, == |V(e)da

de T'! ()
12ﬂ

V, =— |V(a)da

; mi ()

1 .
V, =—|V sin(wt
dc 21—[ _!; m ( )

(Y

v
y, =-o
“ 11
ii).AVERAGE CURRENT:
I
[, =m
€11

ili) RMS VOLTAGE:

~www.FirstRanker.com
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V!m\ - \/

IV) RMS CURRENT

V) PEAK FACTOR

vi) FORM FACTOR

vii) Ripple Factor:

www.FirstRanker.com

J v, sim(wt))* d(wt)

l!m

2
1 ms = ﬂl‘
U |
Peak factor = 2ekvalue
rmsvalue

Peak Factor = L
V. 12)

m

Peak Factor =2

Form factor=
averagevalue

V. /2)

m

Form factor=

Form Factor =1.57

Rmsvalue

www.FirstRanker.com
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I‘= V[ID
L

de

Vm. = VVrrzn.\' _dec
= VV;JS -Vd?;
v

viii) Efficiency (77):

. c?/ppower %100
i/ ppower

77:& *100

de

7=40.8

ix) Transformer Utilization Factor (TUF):
The d.c. power to be delivered to the load in a rectifier circuit decides the rating of the transformer

used in the circuit. Therefore, transformer utilization factor is defined as

TUF =L
P ac(rated)
TUF =0.286.

. The value of TUF is low which shows that in half-wave circuit, the transformer is not fully utilized,
If the transformer rating is 1 KVA (1000VA) then the half-wave rectifier can deliver
1000 X 0.287 = 287 watts to resistance load.

- x) Peak thersé_Volt»ag_e '(PIV): o

 www.FirstRanker.com
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It is defined as the maximum reverse voltage that a diode can withstand without destroying the
junction. The peak inverse voltage across a diode is the peak of the negative half- cycle. For half-

wave rectifier, PIV is Vm.

DISADVANTAGES OF HALF-WAVE RECTIFIER:

1. The ripple factor is high.
2. The efficiency is low.
3. The Transformer Utilization factor is low.
Because of all these disadvantages, the half-wave rectifier circuit is normally not used as a

power rectifier circuit.

3.2.2) FULL WAVE RECTIFIER:

A full-wave rectifier converts an ac voltage into a pulsating dc voltage using both half cycles of the
applied ac voltage. In order to rectify both the half cycles of ac input, two diodes are used in this
circuit. The diodes feed a common load R with the help of a center-tap transformer. A center-tap
transformer is the one, which produces two sinusoidal waveforms of same magnitude and frequency
but out of phase with respect to the ground in the secondary winding of the transformer. The full
wave rectifier is shown in the fig 4 below

Center tapped
transfarmer

fig4 FEul:-WayeRedilier.

www.FirstRanker.com
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Flg 5 input and Dutputwavefonns of Fullwave rectlfler

Fig. 5 shows the input and output wave forms of the ckt.

During positive half of the input signal, anode of diode D1 becomes positive and at the
same time the anode of diode Dz becomes negative. Hence D1 conducts and Dz does not
conduct. The load current flows through D1 and the voltage drop across R. will be equal to the input

voltage.

During the negative half cycle of the input, the anode of D1 becomes negative and the anode
of D2 becomes positive. Hence, D1 does not conduct and Dz conducts. The load current flows

through D2and the voltage drop across RLwill be equal to the input voltage. It is noted that the load
current flows in the both the half cycles of ac voltage and in the same direction through the load

resistance.

i) AVERAGEVOLTAGE

, ] B4 |
V‘,ﬂ, = Idff.m "*bv'm ;rﬁ’ ]e‘r

We know 1, =

2V, R,

.“ M
ij'(ﬁ"' + R, ) sedR,
2v

Vot = 0637V,
e

ii) _AVERAGE CURRENT

ﬂ"f Ry 4R, + RA

Vo

Ry + R, + R,

- www.FirstRanker.com




. FIrsthanker.com

Firstranker's choice

. AT 1 *F ;

- ™ e -
= mmui-j' $in G¢l @ — %in Gd &

3 !—-‘g‘

Lac Lo .
?2-?5.[( 2)(=2)]
=dm 4= 2ls 66371, .
IR .c. MR .

e Ipe FWIR a2 Ipe HWIR,

15,
Ve =1/; j V2d(wt)

V. .= \/ﬁ { V. sim(wt))? d(wr)

E ) i)  RMS VOLTAGE:

www.FirstRanker.com www.FirstRanker.com

’-ﬁ IV) RMS CURRENT
By s 21,
II
V) PEAK FACTOR
Peak factor = M
rmsvalue
f_ﬂk Taes www.FirstRanker.com
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Peak Factor= A—
,12)
Peak Factor =2

vi) FORM FACTOR
Rms value
average value

Form factor= %/%{—}/-_1%2
i ™

Form factor=

Form Factor =1.11

vii) Ripple Factor:
T J” Sig
for FWR
e 1

|
L
¥
35 '?'
"
|
—

: z
&‘/( 31416, e hAnE
e AV | 4!4

P I'_“ .
e y i — it { PYRE. & -
FEMWR J ( ” 7"’""2 o

viii) Efficiency (77):

& o/ ppower £100
i/ ppower
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= P50 100%
P

- -1

Ry 2 » y .
For EWR, p, =15.R, = (-;..lm) R,
Puc = Pans (Ri + Rs + RL)

5
At o -
( ‘Ji) (R; + Rs + R,)

I m«&l R,

T
"1 (R +‘R +R’,)

T T

® {f(R 4»-]( } < R,
, . 4
== — =08I2= 31 2%

ix) Transformer Utilization Factor (TUF):

The d.c. power to be delivered to the load in a rectifier circuit decides the rating of the transformer

used in the circuit. So, transformer utilization factor is defined as

TUF =L
ac(rated)
P, delivered: to load

a) 'I’UF (Secondary) = e
ACT power raring. af transformer secondary

a b) Smce bozh the windings are used TUF pyr = 2 TUF nwr
= 2x0.287 = (),574

¢y mﬁpﬁmm Rauted efficiency = g—xmo = B1.2%

A

o i 812 405
d) Average= 221210272

=(.693

x) Peak Inverse Voltage (PIV):

It is defined as the maximum reverse voltage that a diode can withstand without déstroying the .
junction. The peak inverse voltage across a diode is the peak of the negative half- cycle. For half-

www.FirstRanker.com
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wave rectifier, PIV is 2Vm

xi) % Regulation

Voltage regulation =
_ I, (R, + R ,)
-2V, N
——;—z'—-—' 1,00 R,- + Ry)

Advantages

1) Ripple factor = 0.482 (against 1.21 for HWR)

2) Rectification efficiency is 0.812 (against 0.405 for HWR)
3) Better TUF (secondary) is 0.574 (0.287 for HWR)

4) No core saturation problem

Disadvantages:
1) Requires center tapped transformer.

3.2.3) BRIDGE RECTIFIER.

Another type of circuit that produces the same output waveform as the full wave rectifier circuit above, is that of the
Full Wave Bridge Rectifier. This type of single phase rectifier uses four individual rectifying diodes connected in a
closed loop "bridge" configuration to produce the desired output. The main advantage of this bridge circuit is that it
does not require a special centre tapped transformer, thereby reducing its size and cost. The single secondary
winding is connected to one side of the diode bridge network and the load to the other side as shown below.

The Diode Bridge Rectifier

™

www.FirstRanker.com
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The four diodes labelled D to D4 are arranged in "series pairs" with only two diodes conducting current during each
half cycle. During the positive half cycle of the supply, diodes D1 and D2 conduct in series while diodes D3 and D4

are reverse biased and the curmrent flows through the load as shown below (fig 7).

The Positive Half-cycle

The Negative Half-cycle

During the negative half cycle of the supply, diodes D3 and D4 conduct in series (fig 8), but diodes D1 and D2

switch "OFF" as they are now reverse biased. The current flowing through the load is the same direction as before.

fig 8

As the current flowing through the load is unidirectional, so the voltage developed across the load is also

' unidirectional the same as for the previous two diode full-wave rectifier, therefore the average DC voltage across the
load is 0.637Vnay. However in reality, during each half cycle the current flows through two diodes instead of just one
so the amplitude of the output voltage is two voitage drops (2 x 0.7 = 1.4V ) less than the input Vuax amplitude. The
ripple freduency is now twice the supply frequency (e.g. 100Hz for a 50Hz supply)

www.FirstRanker.com
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Therefore, the Tollowing expressions are same us that of full wave rectifier.

: 2/
a) Average current Ty, = —T:EL

b) RMS cuarrent Iy = :f?g-

¢) DC output voltage (no.load) Vpe -g-;m
| d) Ripple factor y=0.482
¢) Rectification efficiency = 7= 0.812
) DC ouput voltage full load.
2V

= Vi = 5= LRy + 2R, ) .6, less by one diode loss, |
TUF of both primary & secondary are 0.812 therefore TUF overall is 0,812 ﬁ

(better than FWR with 0.693)

Comparison:

SL | Parumeter HWR FWR BR
Ne. | 4 : _
1§ No. of dindes 1 2 4
3 TPIV of diodes Ve IV "V
3 | Secondury voltagy (rms) v Va()-V v
- i & ‘ 7 N : Ty
4 ]?:Cd opipur valtage al uo Eﬁ; 20318 Yoy 2‘!& 0636V, ,2.1,’:’:‘, <0636 V.,
- x . O e .
5 | Ripple fuctor p 1.21 04582 0482
6 i Ripple frequency e 2 A
7 | Rectification efficiency 0.406 812 0.812 )
8 |TUF 0.287 0,693 0.812
- 3.3 FILTERS

The output of a rectifier contains dc component as well as ac component. Filters are used to

minimize the undesirable ac i.e., ripple leaving only the dc component to appear at the output.

Some important filters are:

1. Inductor filter

2. Capacitor filter
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3. LC orL section filter
4. CLC or I14ype filter

33.1 CAPACITOR FILTER

This is the most simple form of the filter circuit and in this arrangement a high value capacitor C
is placed directly across the output terminals, as shown in figure. During the conduction period it
gets charged and stores up energy to it during non-conduction period. Through this process, the
time duration during which Ft is to be noted here that the capacitor C gets charged to the peak
because there is no resistance (except the negligible forward resistance of diode) in the charging
path. But the discharging time is quite large (roughly 100 times more than the charging time
depending upon the value of RL) because it discharges through load resistance RL.

The function of the capacitor filter may be viewed in terms of impedances. The large value
capacitor C offers a low impedance shunt path to the ac components or ripples but offers high
impedance to the dc component. Thus ripples get bypassed through capacitor C and only dc
component flows through the load resistance RL

Capacitor filter is very popular because of its low cost, small size, light weight and good

__www.FirstRanker.com |
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CAPACITOR FILTER WITH HWR

Cut In angle - w13

Cul cuf angle = W,
Wiy =% -tan™ WCR,

'®

{@) Capacitor charging through divde
{Wia— W)
= {(b) Capacitor discharging through Ry,
~ (Wno W)
() Average (DC) voltage with fitter
{d) Average (DC) voltage without fitter

CAPACITOR FILTER WITH FWR
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The worthnoting points about shunt capacitor filter are:

|.For a fixed-value filter capacitance larger the load resistance RL larger will be the discharge
time constant CRL and therefore, lower the ripples and more the output voltage. On the other
hand lower the load resistance (or more the load current), lower will be the output voltage.

e less charge it can hold and more it will discharge.

Thus the peak-to-peak value of the ripple will increase, and the average dc level will decrease.
Larger the filter capacitor, the more charge it can hold and the less it will disc.:harge. Hence the
peak-to-peak value of the ripple will be less, and the average dc level will increase. But, the
maximum value of the capacitance that can be employed is limited by another factor. The larger
the capacitance value, the greater is the current required to charge the capacitor to a given
voltage. The maximum current that can be handled by a diode is limited by the figure quoted by
the manufacturer. Thus the maximum value of the capacitance, that can be used in the shunt filter

capacitor is limited.

2 Similarly smaller the filter capacitor, th

3.3.2 Series Inductor Filter.

+
>
o T
@ w
uﬁ -
5h Reg Vi
Q.
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o
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Circuit Diagram

_WITH CHOKE
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|

” FILTER

1 | Vima
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o Output Voltage Waveforms
Full-Wave Rectifier With Series Inductor Filter
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In this arrangement a high value inductor or choke L is connected in series with the rectifier
clement and the load, as illustrated in figure. The filtering action of an inductor filter depends
upon its property of opposing any change in the current flowing through it. When the output
current of the rectifier increases above a certain value, energy is stored in it in the form of
magnetic field and this energy is given up when the output current falls below the average vaIUf:.
Thus by placing a choke coil in series with the rectifier output and load, any sudden change in
current that might have occurred in the circuit without an inductor is smoothed out by the

presence of the inductor L.

The function of the inductor filter may be viewed in terms of impedances. The choke offers hi gh
impedance to the ac components but offers almost zero resistance to the desired dc components.
Thus ripples are removed to a large extent. Nature of the output voltage without filter and with

choke filter is shown in figure.

For dc (zero frequency), the choke resistance R in series with the load resistance Ry forms a
voltage divider and dc voltage across the load is given as

where Vy is dc voltage output from a full-wave rectifier. Usually choke coil resistance R, is
much small than Ry, and, therefore, almost entire of the dc voltage is available across the load

resistance Ry.

Since the reactance of inductor increases with the increase in frequency, better filtering of the
higher harmonic components takes place, so effect of third and higher harmonic voltages can be

neglected.

As obvious from equation , if choke coil resistance R is negligible in comparison to load
resistance Ry, then the entire dc component of rectifier output is available across 2 Ry and is
equal to — V. max. The ac voltage partly drops across Xr and partly over Ry.

3.3.3 L-SECTION FILTER:

A simple series inductor reduces both the peakand effective values of the output current and
output voltage. On the other hand a simple shunt capacitor filter reduces the ripple voltage but
increases the diode current. The diode may get damaged due to large current and at the same
time it causes greater heating of supply transformer resulting in reduced efficiency.

In an inductor filter, ripple factor increases with the increase in load resistance RL while in a
capacitor filter it varies inversely with load resistance RL.

From economical point of view also, neither series inductor nor shunt capacitor type filters are
suitable.

Practical filter-circuits are derived by combining the voltage sfabilizing action of shunt capacitor
with the current smoothing action of series choke coil. By using combination of inductor and
capagcitor ripple factor can be lowered, diode current can be restricted and simultaneously ripple
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Flfered Output Voltage Waveform
tifier With Choke- Input Fileer:

' Choke»mput fi]ter is explamed be]OW':

Gl _Choke—mput ﬁlter consists of a choke L connected in series with the rectifier and a capacitor C o
. connected across the load . This is also sometimes called the L-section filter because in this
:arrangement inductor and capacitor are connected, as an inverted L. In figure only one filter -
section is shown. But several identical sections are often employed to improve the smoothing
ction. (The choke L on the input side of the filter readily allows dc to pass but opposes the flow
f ac components because its dc resistance is negligibly small but ac impedance is large. Any
uctuation that remains in the current even after passmg through the choke are largely by: passed"
ound the load by the shunt capacrtor because Xc is much smaller than RL. ijples canbe
duccd eﬁ'ectxvely by making XL greater than Xc at ripple frequency. However, a small npple L
;remams in the filtered output and this is considered negligible if it than 1%. The rectified and .
red outpu ltage waveform from a ﬁjll-wave re wtth chokﬁ-mput ﬁiter are shown n
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3.3.4 II-SECTION FILTER:

]
B
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! Supply from
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Circuit Digram
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VL ] /O‘utput
\ L e L e
I / v\ g \ \ /Rectified
Vi ! \ I \ C QOutput
f gl X !
i = 27 3
= wt >

Rectified and Filtered Output Voltage Waveform
Full-wave Rectifier With capaditor Iriput Filter

Capacitor-Input or Pi-Filter.

Such a filter consists of a shunt capacitor C1 at the input followed by an L-section filter formed
by series inductor L and shunt capacitor C,. This is also called the n-filter because the shape of
the circuit diagram for this filter appears like Greek letter 7 (pi). Since the rectifier feeds directly
into the capacitor so it is also called capacitor input filter.

As the rectified output is fed directly into a capacitor C1. Such a filter can be used with a half-
wave rectifier (series inductor and L-section filters cannot be used with half-wave rectifiers).
‘ Usually electrolytic capacitors are used even though their capacitances are large but they occupy
| minimum space. Usually both capacitors C1 and C; are enclosed in one metal container. The
: metal container serves as, the common ground for the two capacitors.

A capacitor-input or pi- filter is characterized by a high voltage output at low current drains.
Such a filter is used, if, for a given transformer, higher voltage than that can be obtained from an
L-section filter is required and if low ripple than that can be obtained from a shunt capacitor
filter or L-section filter is desired. In this filter, the input capacitor C1 is selected to offer very
low reactance to the ripple frequency. Hence major part of filtering is accomplished by the input

- www.FirstRanker.com
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‘capacitor C1. Most of the remaining ripple is removed by the L-section filter consisting of a

choke L and capacitor C3.)

The action of this filter can best be understood by considering the action of L—se_ction filter,
formed by L and C,, upon the triangular output voltage wave from the input capacitor C; The
charging and discharging action of input capacitor C1 has already been discussed. The output
voltage is roughly the same as across input capacitor C1 less the de voltage drop in inductor. T h_e
ripples contained in this output are reduced further by L-section filter. The output voltage of pi-
filter falls off rapidly with the increase in load-current and, therefore, the voltage regulation with

this filter is very poor.
SALIENT FEATURES OF L-SECTION AND PI-FILTERS.

1. In pi-filter the dc output voltage is much larger than that can be had from an L-section filter
with the same input voltage.

2.In pi-filter ripples are less in comparison to those in shunt capacitor or L-section filter. So
smaller valued choke is required in a pi-filter in comparison to that required in L-section filter.

3.In pi-filter, the capacitor is to be charged to the peak value hence the rms current in supply
transformer is larger as compared in case of L-section filter.

4 Voltage regulation in case of pi-filter is very poor, as already mentioned. So n-filters are
suitable for fixed loads whereas L-section filters can work satisfactorily with varying loads

provided a minimum current is maintained.

5.In case of a pi-filter PIV is larger than that in case of an L-section filter.

COMPARISON OF FILTERS

1) A capacitor filter provides Vm volts at less load current. But regulation is poor.
2) An Inductor filter gives high ripple voltage for low load currents. It is used for
high load currents

3) L — Section filter gives a ripple factor independent of load current. Voltage
Regulation can be improved by use of bleeder resistance

4) Multiple L — Section filter or 17 filters give much less ripple than the single L —

Section Filter.
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UNIT IV

TRANSISTOR CHARACTERISTICS
4,1 INTRODUCTION

A bipolar junction transistor (BJT) is a three terminal device in which operation depends on
the interaction of both majority and minority carriers and hence the name bipolar. The BIT is
analogus to vacuum triode and is comparatively smaller in size. It is used i amplifier and
oscillator circuits, and as a switch in digital circuits. It has wide applications in computers,
satellites and other modern communication systems.

4.2 CONSTRUCTION OF BJT AND ITS SYMBOLS

The Bipolar Transistor basic construction consists of two PN-junctions producing three
: connecting terminals with each terminal being given a name to identify it from the other two.
L. These three terminals are known and labelled as the Emitter ( E ), the Base ( B ) and the
Collector ( C ) respectively. There are two basic types of bipolar transistor construction, PNP
and NPN, which basically describes the physical arrangement of the P-type and N-type
semiconductor materials from which they are made.

Transistors are three terminal active devices made from different semiconductor materials
that can act as either an insulator or a conductor by the application of a small signal voltage.
The transistor's ability to change between these two states enables it to have two basic
functions: "switching" (digital electronics) or "amplification" (analogue electronics). Then
bipolar transistors have the ability to operate within three different regions:

. 1. Active Region - the transistor operates as an amplifier and Ic = B.lb
. 2. Saturation - the transistor is "fully-ON" operating as a switch and Ic =
I(saturation)
Q . 3. Cut-off - the transistor is "fully-OFF" operating as a switchand lc =0

Bipolar Transistors are current regulating devices that control the amount of current
flowing through them in proportion to the amount of biasing voltage applied to their
base terminal acting like a current-controlled switch. The principle of operation of the

~ two transistor types PNP and NPN, is exactly the same the only difference being in
their biasing and the polarity of the power supply for each type(fig 1).

- Bipolar Transistor Construction
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PNP Transistor : ~ NPN Transistor

Emitter Collector Emitter - - Collector

Base a). Construclion

€. E
0 0

A
'y
bo

Fig:1

The construction and circuit symbols for both the PNP and NPN bipolar transistor are
given above with the arrow in the circuit symbol always showing the direction of
"conventional current flow" between the base terminal and its emitter terminal. The
direction of the arrow always points from the positive P-type region to the negative N-
type region for both transistor types, exactly the same as for the standard diode
symbol.
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' 4.3 TRAN SISTOR CURRENT COMPONENTS:

FIG 2

The above fig 2 shows the various current components, which flow across the forward biased
emitter junction and reverse- biased collector junction. The emitter current I consists of hole
current Ipg (holes crossing from emitter into base) and electron current L, (electrons crossing
from base into emitter).The ratio of hole to electron currents, Iz, I,z , crossing the emitter
junction is proportional to the ratio of the conductivity of the p material to that of the n
material. In a transistor, the doping of that of the emitter is made much larger than the doping
of the base. This feature ensures (in p-n-p transistor) that the emitter current consists an
Q almost entirely of holes. Such a situation is desired since the current which results from
: clectrons crossing the emitter junction from base to emitter does not contribute carriers,

which can reach the collector.

Not all the holes crossing the emitter junction Jg reach the the collector Junction J¢
Because some of them combine with the electrons in n-type base. If [,c is hole current at

junction Jc there must be a bulk recombination current (Irg- Inc) leaving the base.

Actually, electrons enter the base region through the base lead to supply those charges, which
‘have t been lost by recombination with the holes injected in to the base across J e. If the emitter
- were open circuited so that I;=0 then I, would be zero. Under these circumstances, the base

; :' and collector current Ic would equal the reverse saturatlon current Ico If Ig#0 then
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Ic= Ico- Ic

For a p-n-p transistor, Ico consists of holes moving across Jc som left to right (base to
5 collector) and electrons crossing Jc in opposite direction. Assumed referenced direction for

Ico i.e. from right to left, then for a p-n-p transistor, Ico is negative. For an n-p-n transistor, -

Ico is positive. The basic operation will be described using the pnp transistor. The operation

of the pnp transistor is exactly the same if the roles played by the electron and hole are

interchanged.

One p-n junction of a transistor is reverse-biased, whereas the other is forward-biased.

+ Majority cacriers
- it £

Forward-biased junction of a pnp transistor

*+ Minority carriers

Reverse-biased junction of a pnp transistor

+ Majority carricrs
p

+ Minority carricrs
P

L Both biasing potentials have been applied to a pnp transistor and resulting majority and

minority carrier flows indicated.

- www.FirstRanker.com
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Majority carriers (+) will diffuse across the forward-biased p-n junction into the n-type

material.

A very small number of carriers (+) will through n-type material to the base terminal,

Resulting IB is typically in order of micrbamperes.

The large number of majority carriers will diffuse across the reverse-biased junction into

the p-type material connected to the collector terminal

Applying KCL to the transistor

Ie=Ic+1Ip
Q The comprises of two components — the majority and minority carriers
Ic = Icmajoriry + Lcominority
Ico — Ic current with emitter terminal open and is called leakage current
\_’an'ous parameters which relate the current components is given below
Emfﬁ,er éfﬁciency:

_ currentofinjectedcarriersatJ

totalemittercurrent
Q’ I PE 3 I nE I nkE
Transport Factor:

« _ InjectedcarriercurrentreachingJ

- injectedcarrierncurrentat

nk
Large signal current gain:

~ The ratio of the negative of collector current increment to the emitter current change from

zero (cut-off)to Ig the large 51gna1 current gain of a common base transistor.
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(x B setorctiammistma i

Since l¢ ga 11 have opposite signs, then a, as defined, is always positive, Pypically

numerical values of a Jies in the range ol 0,90 to 0.995

MLQ,&*;L{UH*.I_&
el b aapry

The transistor alpha is the product of the transport factor and the emitter efficiency. This
statement assumes that the collector multiplication ratio @' is unity. @' is the ratio of total

current crossing Je (o hole arriving at the junction.

4.4 Bipolar Transistor Configurations

As the Bipolar Transistor is a three terminal device, there are basically three
possible ways to connect it within an electronic circuit with one terminal being
common to both the input and output. Each method of connection responding
differently to its input signal within a circuit as the static characteristics of the
transistor vary with each circuit arrangement.

1. Common Base Configuration - has Voltage Gain but no Current Gain,
2 Common Emitter Configuration - has both Current and Voltage Gain.
3. Common Collector Configuration - has Current Gain but no Voltage Gain.

4.5 COMMON-BASE CONFIGURATION

Common-base terminology is derived from the fact that the : base is conunon to both input
and output of t configuration. base is usually the terminal closest 1o or at ground patential,
Majority carriers can cross the reverse-biased junction because the injected majority carriers
will appear as minority carriers in the n-type material. All curcent directions Will refer to
conventional (hole) flow and the arrows in all electronic symbols have a direction defined by

this convention.

Note that the applied biasing (voltage sources) are such as to establish current in the direction

indicated for each branch.
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To describe the behavior of common-base amplifiers requires two set of characteristics:

1. Input or driving point characteristics.

2. Output or collector characteristics
The output characteristics has 3 basic regions:

* Active region —defined by the biasing arrangements
* Cutoff region — region where the collector current is 0A

e Saturation region- region of the characteristics to the left of Veg =0V

: ik )
i) Acti i
@ ;-7‘: : e (@A) n ve region

' P V=20V

;' [:j :- l’m‘ v
{j o chﬂj \'4

P

. i Lo f [ | PRI

~ 0 b2 04 06 08 10 v Dutputofcollecto charaderistics f :
anl.l)’maractenstcs for a common silicen trans:stor : = altnpll‘:i?er‘:’f e base tran5|stm £
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~ Active | Saturation |  Cut-off
~ region |  region |  region
"ol increased, Icincreased | BE and CB junction | * Region below the
*BE junction forward bias |8 forward bias line of [E=0 A
and CB junction reverse » Small changes in Vce | » BE and CB is
bias - | will cause big different | reverse bias
*Refer to the graf, Ics I |tolC * no current flow
*]Jc not depends on Ve e The allocation for at collector, only
SSuitable reqion for th this region is to the leakage current

# regian for e left of Vee= 0 V.

transistor working as

a;ljsliﬁer
¥

—_

The curves (output characteristics) clearly indicate that a first approximation to the

 relationship between IE and IC in the active region is given by

Ic ~JE
Once a transistor is in the ‘on’ state, the base-emitter voltage will be assumed to beVpg =

0.7V

d h

In the dc mode the level of Ic and Ig due to the majority carriers are related by a quantity

called alpha o= 04c

Ic.= alg + IC_BO 4

~ Itean then be summarize to Ic = alg (ignore Icpo due to small value)

- www.FirstRanker.com . = www.FirstRanker.com
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i ,For ac srtuatlons where the pomt of operatlon moves on the characterlstrcs curve, an ac alpha =

‘ Alpha a common base current gam factor that shows the efﬁcrency by calculatmg the current "

fpercent from current flow from emitter to collector The value of a is typical from 0.9 ~

il o908

Biasing:Proper biasing CB configuration in active region by‘ approximation Ic ~ Iz (Is = 0
i g .

P

T[=-— VEE_i

npn

4.6 TRANSISTOR AS AN AMPLIFIER

Common-Erriitter Configuration

CIti is called common—emltter conﬁguratlon since : emltter 1s.common or reference to both

i mput and output terminals.emitter i is usually the termmal closest to or at ground potentlal

' !Almost amphﬁer de51gn is using connection of CE due to the high gam for current and
‘ﬂ"‘voltage L : & : s

Swww. FlrstRanker com  wwwFirstRankercom
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Two set of characteristics are necessary to describe the behavior for CE :input (base

terminal) and output (collector terminal) parameters.

Proper Biasing common-emitter confi guration in active region

HE e TR

Veg l

R (b)pnp trmni;lor\cdx_)ﬁgumuon :
l » o Fig 4.7 ' Common-smitier confguration j

u
=T
C

v

I is microamperes compared to miliamperes of I.
Ig will flow when Vg > 0.7V for silicon and 0.3V for germanium
Before this value Iy is very small and no Ig.

Base-emitter junction is forward bias Increasing Vcg will reduce I for different valyes.

IE}"]A. W= 1 WV
Wep= 10 &
100 — N e 20 N\
sof— T s
SO
7of—
- sof—
saf—
ao}—
sof—
20—
Tal :
T+ttt VeV
02 0.4 0.6 O.8  L.0 ‘

O
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Cutoffre /gnn _

Output characteristics for acommon-emitter npn transistor
For small Vg (Vg < Vegsar, Ic increase linearly with increasing of Vg
Ve > Veesat Ic not totally depends on Vg = constant I¢
Is(uA) is very small compare to Ic (mA). Small increase in Ig cause bi g increase in I¢
Ig=0 A > Icgo occur.

Noticing the value when Ic=0A. There is still some value of current flows.

www.FirstRanker.com www.FirstRanker.com

Active ate ion TCUESoft
it . region .

® .B-E junction is
“forward blas Is forward blas, thus Is to be avolded If an
e junction Is the values of Iy and I. | undistorted o/p signal
verse bilas Is too big. is required

Gan be employed e The value of Ve is = B-E junction and C-B
r voltage, current |so small. junction is reverse blas
ind power * Sultable region * Iz=0, I. not zero,

= B-E and C-B junction | = region below. Ié=0pA 3

‘?,hpllficatlon when the transistor as during this condit
d 1dition
% a logic switch. Ic=Icgo where is this
f’J ; = NOT and avold this current flow when B-E
PRt reglon when the Is reverse bilas. :
| B8 o transistor as an i
1.). ) amplifier.
— - -
% gy A e
i " - . I(,,‘, . i
G ey g N Dsace oprein
LR F [Collector ko emituir
¢

' -‘ngta (B) or gmpliﬁéatidn factor
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The ratio of dc collector current (IC) to the dc base current (IB) is dc beta (Bdc ) which is
dc current gain where IC and IB are determined at a particular operating point, Q-point

(quiescent point). It’s define by the following equation:
30 < Bdc <300 > 2N3904

On data sheet, Bg=hfe with & is derived from ac hybrid equivalent cct. FE are derived

from forward-current amplification and common-emitter configuration respectively.

Ic

Bdc IB

For ac conditions, an ac beta has been defined as the changes of collector current (I¢)
compared to the changes of base current (Ig) where I¢ and Iy are determined at operating

point. On data sheet, Ba=Afe It can defined by the following equation:

AL
Bac AI

V cg=constant

From output characteristics of commonemitter configuration, find B, and By with an

Operating point at Ig=25 pA and Vg =7.5V

www.FirstRanker.com
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: 3 i Alc
'3 - AR I'V'ce = constant
i Icz — Ic1i _ 3.2m — 2.2m
Iez — IB1 30 i — 20
1o o0
e - I
2 .7 m
25
= 108
7
1,(ma)
i
Q =60vA
6
s I=50vA
b L~40ua
Sdauration ecion B2
region ! -DninL..IE=301lA
11
?" =17 T
0l I =20uA
i
AL, I o
1 ] I=10uA
c1 {
i I=0uA
: Vot¥)
@ / Cutoff region

Relationship analysis between a and f§

_www.FirstRanker.com -




:l » FirstRanker.com

A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com
CASE 2
known T = Ic = It = 1c (2)
I o
Ic Ic
known : = = = == 3
y:; o= I» 5 3
subtitute (2) and @G) into (1) we get,
- _5 - =
, & 7 o+ 1 and £ = 1-
v Ty

4.7 COMMON - COLLECTOR CONFIGURATION

Also called emitter-follower (EF). It is called common-emitter configuration since both

the signal

source and the load share the collector terminal as a common connection point.The output
voltage is obtained at emitter terminal. The input characteristic of common-collector
configuration is similar with common-emitter. configuration.Common-collector circuit
configuration is provided with the load resistor connected from emitter to ground.lIt is used
primarily for impedance-matching purpose since it has high input impedance and low output
impedance.

www.FirstRanker.com



:l » FirstRanker.com

Firstranker's choice ) .
www.FirstRanker.com www.FirstRanker.com

- VEE

For the common-collector configuration, the output characteristics are a plot of Ig vs Vg

for a range of values of Ip.

I=60 uA

lB—_—'SO wA.
15=40 uA

Active region 15=30 uA

‘ Saturation
b region
p ln=20 uA
7
lu=-1 0O uA

lu=0 UA

r ~Ver(V)
s 20
- V.
~ Cre Cutoff region
/Fig 4.9 : Output characteristic in CC configuration
s/ for npn transistor

Limits of opearation

Many BJT transistor used as an amplifier. Thus it i1s important to notice the limits of

operations.At least 3 maximum values is mentioned in data sheet.

www.FirstRanker.com



IrsthankKer.com

A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

There are:

a) Maximum power dissipation at collector: Pcmax or Pp

b) Maximum collector-emitter voltage: VcEmax sometimes named as

Var(ceo) or Vceo.

¢) Maximum collector current: ICmax

There are few rules that need to be followed for BJT transistor used as an amplifier. The

rules are: transistor need to be operate in active region!

IC < ICmax

PC < l:.Cmilx

|
!
!
Ver ’t" 300 MW

Vee (V)
oy Catotf Icro e
Vet u repion
Note: Vg is at maximum and I¢ is at minimum (Icyax=lceo) in the

region, I¢ is at maximum and Vcg is at minimum (Vcg max = Ve = Vego) in the

saturation region. The transistor operates in the active region between saturation and

cutoff,

www.FirstRanker.com
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w
- "Example 1:

Pp: maximum power
dissipation line

g
e

Refer to the fig. Example; A derating factor of 2mW/°C indicates the power dissipation is

reduced 2mW each degree centigrade increase of temperature.

» Stepl:
The maximum collector power dissipation,

Pp=Icmax X VcEmaxy= 18m x 20 =360 mW

Step 2:

At any point on the characteristics the product of and must be equal to 360 mW.
Ex. 1. If choose Icmax= 5 mA, substitute into the (1), we get

VcEmaxdcmax= 360 mW

Vcemax(5 m)=360/5=7.2 V

www.FirstRanker.com
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Ex2, If choose Veema=18 V, substitute into (1), we get

Veemadoma= 360 mW

* (10) Tomax=360m/18=20 mA

Derating fp.m

Ppwmax is usually specified at 25°C.

The higher temperature goes, the less is Ppmax

Example;A derating factor of 2mW/°C indicates the power dissipation is reduced 2mW

each degree centigrade increase of temperature.

.. www.FirstRanker.com
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FIELD EFFECT TRANSISTOR
INTRODUCTION

1. The Field effect transistor is abbreviated as FET , it is an another semiconductor device
like a BJT which can be used as an amplifier or switch. ] Lo
2. The Field effect transistor is a voltage operated device. Whereas Bipolar junction

f transistor is a current controlled device. Unlike BIT a FET requires virtually no input
d ‘ current. :

3. This gives it an extremely high input resistance , which is its most important advantage
over a bipolar transistor.

4. FET is also a three terminal device, labeled as source, drain and gate.

5. The source can be viewed as BJT’s emitter, the drain as collector, and the gate as the
counter part of the base.

. 6. The material that connects the source to drain is referred to as the channel.

7. FET operation depends only on the flow of majority carriers ,therefore they are called uni
polar devices. BJT operation depends on both minority and majority carriers.

8. As FET has conduction through only majority carriers it is less noisy than BJT.

9. FETs are much easier to fabricate and are particularly suitable for ICs because they
occupy less space than BJTs.

10. FET amplifiers have low gain bandwidth product due to the Jjunction capacitive effects
and produce more signal distortion except for small signal operation.

11. The performance of FET is relatively unaffected by ambient temperature changes. As it
has a negative temperature coefficient at high current levels, it prevents the FET from

thermal breakdown. The BIT has a positive temperature coefficient at high current levels
which leads to thermal breakdown.

CLASSIFICATION OF FET:

There are two major categories of field effect transistors:

1. Junction Field Effect Transistors

2. MOSFETs
These are further sub divided in to P- channel and N-channel devices,

MOSFETSs are further classified in to two types Depletion MOSFETs and Enhancement |
ke MOSFETs

- When the channel is of N-type the JFET is referred to as an N-channel JFET ,when the
channel is of P-type the JFET is referred to as P-channel] JFET.

£
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The schematic symbols for the P-channel and N-channel JFETs are shown in the figure.

12 20
a ol
" R -
G &
:—_—, "ﬂb‘ :-—-—4-—- Vgp
- L
Yas Y sis
R +6 5
N-channel FET P-channel FET

CONSTRUCTION AND OPERATION OF N- CHANNEL FET

If the gate is an N-type material, the channel must be a P-type material,

CONSTRUCTION OF N-CHANNEL JFET

Drin(®)
;_—fhmlcconlacls .

© Gale (G) o

n-channel.:.

>—oSourcals)

A piece of N- type material, referred to as channel has two smaller pieces of P-type material
attached to its sides, forming PN junctions. The channel ends are designated as the drain and
source . And the two pieces of P-type material are connected together and their terminal is
called the gate. Since this channel is in the N-type bar, the FET is known as N-channel JFET.

OPERATION OF N-CHANNEL JFET:-

The ove_rall operation of the JFET is based on varying the width of the channel to control the
- drain current.

_ A piece of N type material referred to as the channel, has two smaller pieces of P
type material attached to its sites, farming PN —Junctions. The channel’s ends are designated the

. www.FirstRanker.com . i
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. drain and the source. And the two pieces of P type material are connected together and their
terminal is called the gate. With the gate terminal not connected and the potential applied
positive at the drain negative at the source a drain current Id flows, When the gate is biased
negative with respective to the source the PN junctions are reverse biased and depletion regions-
are formed. The channel is more lightly doped than the P type gate blocks, so the depletion
regions penetrate deeply into the channel. Since depletion region is a region depleted of charge
carriers it behaves as an Insulator. The result is that the channel is narrowed. Its resistance is

“increased and Id is reduced. When the negative gate bias voltage is further increased, the
depletion regions meet at the center and Id is cut off completely.

There are two ways to control the channel width

1. By varying the value of Vgs
2. And by Varying the value of Vds holding Vgs constant

1 By varying the value of Vgs :-

We can vary the width of the channel and in turn vary the amount of drain
current. This can be done by varying the value of Vgs. This point is illustrated in the fig
below. Here we are dealing with N channel FET. So channel is of N type and gate is of P
type that constitutes a PN junction. This PN Junction is always reverse biased in JFET
operation .The reverse bias is applied by a battery voltage Vgs connected between the gate

and the source terminal i.e positive terminal of the battery is connected to the source and
negative terminal to gate,

1) When a PN junction is reverse biased the electrons a
leaving immobile ions on the N and P sides , the reg
is known as depletion regions.

-2) If both P and N regions are heavily
symmetrically on both sides. "

3) But in N channel FET P region is heavil

~ extends more in N region than P region.

nd holes diffuse across junction by
ion containing these immobile jons

doped then the depletion region extends

y doped than N type thus depletion region

www.FirstRanker.com
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4) So when no Vds is applied the depletion region is symmetrical and the conductivity
becomes Zero. Since there are no mobile carriers in the junction.

5) As the reverse bias voltage is increases the thickness of the depletion region also
increases. i.e. the effective channel width decreases .

6) By varying the value of Vgs we can vary the width of the channel.

2 Varying the value of Vds holding Vgs constant :-

1) When no voltage is applied to the gate i.e. Vgs=0, Vds is applied between source ax?d
drain the electrons will flow from source to drain through the channel constituting drain
current Id .

2) With Vgs= 0 for Id= 0 the channel between the gate junctions is entirely open .In
response to a small applied voltage Vds , the entire bar acts as a simple semi conductor
resistor and the current Id increases linearly with Vds .

3) The channel resistances are represented as rd and rs as shown in the fig.

4) This increasing drain current Id produces a voltage drop across rd which reverse biases
the gate to source junction,(rd> rs) .Thus the depletion region is formed which is not
symmetrical .

- 5) The depletion region i.e. developed penetrates deeper in to the channel near drain and less

towards source because Vrd >> Vrs. So reverse bias is higher near drain than at source.

6) As a result growing depletion region reduces the effective width of the channel.

Eventually a voltage Vds is reached at which the channel is pinched off, This is the
voltage where the current Id begins to Jevel off and approach a constant value,

www.FirstRanker.com www.FirstRanker.com
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- 7) So, by varying the value of Vds we can vary the width of the channel holding Vgs
constant.

When both Vgs and Vds is applied:-

It is of course in principle not possible for the channel to close Completely and there by
reduce the current Id to Zero for, if such indeed, could be the case the gate voltage Vgs is
applied in the direction to provide additional reverse bias

1) When voltage is applied between the drain and source with a battery Vdd, the electrons
flow from source to drain through the narrow channel existing between the depletion
regions. This constitutes the drain current Id, its conventional direction is from drain to
source.

2) The value of drain current is maximum when no external voltage is applied between
gate and source and is designated by Idss.

www.FirstRanker.com
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3) When Vgs is increased beyond Zero the depletion regions are widened. This reduces the
effective width of the channel and therefore controls the flow of drain current through
the channel.

4) When Vgs is further increased a stage is reached at which to depletion regions touch
each other that means the entire channel is closed with depletion region. This reduces
the drain current to Zero.

CHARACTERISTICS OF N-CHANNEL JFET :-

The family of curves that shows the relation between current and voltage are known as
characteristic curves.

There are two important characteristics of a JFET.

1) Drain or VI Characteristics
2) Transfer characteristics

1. Drain Characteristics:-

Drain characteristics shows the relation between the drain to source
voltage Vds and drain current Id. In order to explain typical drain characteristics let us
consider the curve with Vgs=0.V.

1) When Vds is applied and it is increasing the drain current ID also increases linearly up
to knee point.

2) This shows that FET behaves like an ordinary resistor. This region is called as ohmic
region.
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3) ID increases with increase in drain to source voltage. Here the drain current is increased
slowly as compared to ohmic region.

‘regipﬂ.w '
kilowd dué to. ]
hie gffct)

4) It is because of the fact that there is an increase in VDS .This in turn increases the
reverse bias voltage across the gate source junction .As a result of this depletion region
grows in size thereby reducing the effective width of the channel.

5) All the drain to source voltage corresponding to point the channel width is reduced to a
minimum value and is known as pinch off.

6) The drain to source voltage at which channel pinch off occurs is called pinch off
voltage(Vp).

PINCH OFF Region:-

1) This is the region shown by the curve as saturation region.

2) It is also called as saturation region or constant current region. Because of the channel
is occupied with depletion region , the depletion region is more towards the drain and
less towards the source, so the channel is limited, with this only limited number of
carriers are only allowed to cross this channel from source drain causing a current that

s constant in this region. To use FET as an amplifier it is operated in this saturation
region.

3) Inthis drain current remains constant at its maximum value IDSS.

4) The drain current in the pinch off region depends upon the gate to source voltage and
is given by the relation
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Is =lyss [l'vgsz]z
This is known as shokley’s relation.
BREAKDOWN REGION:-

1) The region is shown by the curve .In this region, the drain current increases rapidly as
the drain to source voltage is increased.

2) It is because of the gate to source junction due to avalanche effect.

3) The avalanche break down occurs at progressively lower value of VDS because the
reverse bias gate voltage adds to the drain voltage thereby increasing effective voltage
across the gate junction

This causes

1. The maximum saturation drain current is smaller
2. The ohmic region portion decreased. :
4) It is important to note that the maximum voltage VDS which can be applied to FET is
the lowest voltage which causes available break down.

2. TRANSFER CHARACTERISTICS:-

These curves shows the relationship between drain current ID and gate to source
voltage VGS for different values of VDS.

1) First adjust the drain to source voltage to some suitable value , then increase the gate
to source voltage in small suitable value. -

2) Plot the graph between gate to source voltage along the horizontal axis and current
ID on the vertical axis. We shall obtain a curve like this.
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3) Aswe know that if Vy is more negative curves drain current to reduce . where Vg,
is made sufficiently negative, I is reduced to zero. This is caused by the widening
of the depletion region to a point where it is completely closes the channel. The
value of Vs at the cutoff point is designed as Vgsonr

4) The upper end of the curve as shown by the drain current value is equal to Iy that is
when Vg = 0 the drain current is maximum.

5) While the lower end is indicated by a voltage equal to Vggorr

6) If Vg continuously increasing , the channel width is reduced , then 14 =0
7) It may be noted that curve is part of the parabola; it may be expressed as
Id=Idss[ 1 'Vgslvgsoﬂ'] 2

DIFFERENCE BETWEEN V, AND Vo —

Vp is the value of Vg that causes the JFET to become constant current component, It is
measured at Vs =0V and has a constant drain current of Iy =4, .Where Vesorr is the value of Vs
that reduces l4 to approximately zero.

Why the gate to source junction of a JFET be always reverse biased ?

The gate to source junction of a JFET is never allowed to become forward biased
because the gate material is not designed to handle any significant amount of current. If the
junction is allowed to become forward biased, current is generated through the gate material.
This current may destroy the component.

~  www.FirstRanker.com
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There is one more important characteristic of JFET reverse biasing i.e. J FET
‘s have extremely high characteristic gate input impedance. This impedance is typically in the
high mega ohm range. With the advantage of extremely high input impedance it draws no current
from the source. The high input impedance of the JFET has led to its extensive use in integrated
circuits. The low current requirements of the component makes it perfect for use in ICs. Where
thousands of transistors must be etched on to a single piece of silicon. The low current draw

helps the IC to remain relatively cool, thus allowing more components to be placed in a smaller
physical area.

JFET PARAMETERS

The electrical behavior of JFET may be described in terms of certain parameters. Such
parameters are obtained from the characteristic curves.

A C Drain resistance(ry): ﬂ@

It is also called dynamic drain resistance and is the a.c.resistance between the drain and source
terminal,when the JFET is operating in the pinch off or saturation region.It is given by the ratio

of small change in drain to source voltage AVgsto the corresponding change in drain current
Al4 for a constant gate to source voltage Vs,

Mathematically it is expressed as r&=AVgy Al where Vs is held constant.

TRANCE CONDUCTANCE (gp):

It is also called forward transconductance . It is given by the ratio of small change in drain
current (Alg) to the corresponding change in gate to source voltage (AVys)

Mathematically the transconductance can be written as

AMPLIFICATION FACTOR (u)

It is given by the ratio of small change in drain to source voltage (AVy,) to the corresponding
change in gate to source voltage (AVgs)for a constant drain current (Iy).

Thus p=AVy/AV, when Iqheld constant

The amplification factor p may be expressed as a product of transconductance (gm)and ac drain
-resistance (rg)

]J.:AVds/ AVgs=gm Iq

- THE FET SMALL SIGNAL MODEL:-
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The linear small signal equivalent circuit for the FET can be obtained in a manner
similar to that used to derive the corresponding model for a transistor.

We can express the drain current iD as a function f of the gate voltage and drain voltage
Vdg.

L =f(V g5, V gg)mmmmmmvmmmmmemaman (D

The transconductance gn and drain resistance rq:-

i If both gate voltage and drain voltage are varied, the change in the drain current is
‘ approximated by using taylors series considering only the first two terms in the expansion

. _8id, . did, ,
ﬁ Aig Wgs]vds constant .Avge+ —-—-lvgs=constantAvgs
we can write Aig=iq .
AVg=Vig
Avgs=vgs
1
li=gmvgs +_; Vds—(I)
Pid .t
Where g=p, -[Vds = " [Vds
=1
gm—ygswds

Is the mutual conductance or transconductance .It is also called as gfs or yfs common source
forward conductance .

The second parameter 14 is the drain resistance or output resistance is defined as

Vds |, Avds Vds

L yes == =
= Ve S dslvgs pp Jvgs

Vds

&=, v,
ldlgs

The reciprocal of the rd is the drain conductance gd .It is also designated by Yos and
Gos and called the common source output conductance . So the small signal equivalent circuit
for FET can be drawn in two different ways.

/

1.small signal current —source model
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2.small signal veltage-source model,

A small signal eurrent ~source model for FET in common source configuration can be
drawn satlsfylng Eq=(1) as shewn In the igure(a)

This low frequency model for FET has a Norton’s output circuit with a dependent
cutrent generator whose magnitude is proportional to the gate-to —source voltage. The
proportionality factor is the transconductance ‘gy'. The output resistance is ‘rs’. The input
resistance between the gate and source Is infinite, since it is assumed that the reverse biased gate
draws no current. For the same reason the resistance between gate and drain js assumed to be
infinite.

The small signal voltage-source model is shown in the figure(b).
This can be derived by finding the Thevenin’s equivalent for the output part of fig(a) .

These small signal models for FET can be used for analyzing the three basic FET
amplifier configurations:

I.common source (CS) 2.common drain (CD) or source follower

3. common gale(CG).

(a)Small Signal Current source model for FET (b)Small Signal voltage source model for
. Tg r Iy
G Pr— n €/ 4 ——— D
:———‘. » qu T —~ 3
Ve S v : T Ve Vs L™ Vs
g s - 5
@ 5
FET

Here the input circuit is kept open because of having high input impedance and the
output circuit satisfies the equation for ID

MOSFET:-

We now turn our attention to the insulated gate FET or metal oxide semi conductor FET
which is having the greater commercial importance than the junction FET.

Most MOSFETS however are triodes, with the substrate  internally connected to the source. The
" circuit symbols used by several manufacturers are indicated in the Fig below.
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(@) Depletion type MOSFET ~ (b) Enhancement type MOSFET
Both of them are P- channel
Here are two basic types of MOSFETS
(1) Depletion type (2) Enhancement type MOSFET.

D-MOSFETS can be operated in both the depletion mode and the enhancement mode.  E
MOSFETS are restricted to operate in enhancement mode. The primary difference between them
is their physical construction.

The construction difference between the two is shown in the fig given below.

yidE 18I0 ) ‘
tiglayer [ 4
(@) Depletion-lype MOSFET (D-MOSFET)
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As we can see the D MOSFET have physical channel between the source and drain
A terminals(Shaded area)

‘ Melai\ Eo
G ol

- Silicon dioxids (Si05).
insuiating layer -,

The E MOSFET on the other hand has no such channel physically. It depends on the gate
voltage to form a channel between the source and the drain terminals.

Both MOSFETS have an insulating layer between the gate and the rest of the component.
This insulating layer is made up of SIO, a glass like insulating material. The gate material is
made up of metal conductor .Thus going from gate to substrate, we can have metal oxide semi
conductor which is where the term MOSFET comes from.

Since the gate is insulated from the rest of the component, the MOSFET is
sometimes referred to as an insulated gate FET or IGFET.

The foundation of the MOSFET is called the substrate. This material is represented in the o
schematic symbol by the center line that is connected to the source, ”)

In the symbol for the MOSFET, the arrow is placed on the substrate. As with JFET an arrow

pointing in represents an N-channel device, while an arrow pointing out represents p-channel
device.

CONSTRUCTION OF AN N-CHANNEL MOSFET:-

The N- channel MOSFET consists of a lightly doped p type substance into which two
- heavily doped n+ regions are diffused as shown in the Fig. These n+ sections » Which will act as
source and drain, A thin layer of insulation silicon dioxide (SIO;) is grown over the surface
. of the structure, and holes are cut into oxide layer, allowing contact with the source and drain.
'Then the gate metal area is overlaid on the oxide, covering the entire channel region.Metal
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contacts are made to drain and source and the contact to the metal over the channel area is the
gate terminal. The metal area of the gate, in conjunction with the insulating dielectric oxide layer
and the semiconductor channel, forms a parallel plate capacitor. The insulating layer of sio2

Is the reason why this device is called the insulated gate field effect transistor. This layer results
in an extremely high input resistance (10 10 to 10power 150hms) for MOSFET.

DEPLETION MOSFET

The basic structure of D -MOSFET is shown in the fig. An N-channel is diffused between
source and drain with the device an appreciable drain current IDSS flows foe zero gate to source
voltage, Vgs=0.

-
iy

= {DSS_'Nﬂe” VGS = 0 V i

) I

Depletion mode operation:-

1) The above fig shows the D-MOSFET operating conditions with gate and source terminals
shorted together(VGS=0V)

2) At this stage ID=IDSS where VGS=0V, with this voltage VDS, an appreciable drain
current IDSS flows.

3) If the gate to source voltage is made negative i.e. VGs is negative .Positive charges are
induced in the channel through the SIO2 of the gate capacitor.

4) Since the current in a FET is due to majority carriers(electrons for an N-type material) , the
induced positive charges make the channel less conductive and the drain current drops as
Vgs is made more negative.

5) The re distribution of charge in the channel causes an effective depletion of majority
carriers , which accounts for the designation depletion MOSFET.

6) That means biasing voltage Vgs depletes the channel of free carriers This effectively
reduces the width of the channel , increasing its resistance.

7) Note that negative Vgs has the same effect on the MOSFET as it has on the JFET.
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8) As shown in the fig above, the depletion layer generated by Vgs (represented by the white
space between the insulating material and the channel) cuts into the channel, reducing its

width. As a result ,Id<Idss.The actual value of ID depends on the value of Idss,Vgs(off)
and Vgs.

Enhancement mode operation of the D-MOSFET:-

1) This operating mode is a result of applying a positive gate to source voltage Vgs to the
device.

2) When Vgs is positive the channel is effectively widened. This reduces the resistance of
the channel allowing ID to exceed the value of IDSS

3) When Vgs is given positive the majority carriers in the p-type are holes. The holes in the
p type substrate are repelled by the +ve gate voltage.

4) At the same time, the conduction band electrons (minority carriers) in the p type material
are aftracted towards the channel by the +gate voltage.

5) With the build up of electrons near the channel , the area to the right of the physical
channel] effectively becomes an N type material.

6) The extended n type channel now allows more current, Id> Idss
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( (v ID» lusswhsn Vas Is positive

F URI: 13 4 D MOSFE] operation.

® Characteristics of Depletion MOSFET:-
The fig. shows the drain characteristics for the N channel depletion type MOSFET

1) The curves are plotted for both Vgs positive and Vgs negative voltages

2) When Vgs=0 and negative the MOSFET operates in depletion mode when Vgs is positive
,the MOSFET operates in the enhancement mode.

3) The difference between JFET and D MOSFET is that JFET does not operate for positive
values of Vgs.

4) When Vds=0, there is no conduction takes place between source to drain, if Vgs<0 and
Vds>0 then 1d increases linearly.

5) Butas Vgs,0 induces positive charges holes in the channel, and controls the channel
width. Thus the conduction between source to drain is maintained as constant, i.e. Id is
constant.

6) If Vgs>0 the gate induces more electrons in channel side, it is added with the free
electrons generated by source. again the potential applied to gate determines the channel
width and maintains constant current flow through it as shown in Fig
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TRANSFER CHARACTERISTICS:-

The combination of 3 operating states i.e. Vgs=0V, VGs<0V, Vgs>0V is represented by
the D MOSFET transconductance curve shown in Fig.

Mg)sFET fransconductance ¢

1) - Here in this curve it may be noted that the region AB of the characteristics similar to that
of JFET.

2) This curve extends for the positive values of Vgs

www.FirstRanker.com
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3) Note that Id=Idss for Vgs=0V when Vgs is negative,ld< Idss when Vgs= Vgs(off) ,1d is
reduced to approximately omA.Where Vgs is positive Id>Idss.So obviously Idss is not
the maximum possible value of Id for a MOSFET.

4) The curves are similar to JFET so thet the D MOSFET have the same transconductance
equation.

APPLICATION OF MOSFET

-One of the primary contributions to electronics made by MOSFETs can be found in the area
of digital (computer electronics). The signals in digital circuits are made up of rapidly
switching dc levels. This signal is called as a rectangular wave ,made up of two dc levels (or
logic levels). These logic levels are 0V and +5V.

A group of circuits with similar circuitry and operating characteristics is referred to as a
logic family. All the circuits in a given logic family respond to the same logic levels, have
similar speed and power-handling capabilities , and can be directly connected together. One
such logic family is complementary MOS (or CMOS) logic. This logic family is made up
entirely of MOSFETs.

COMPARISON OF MOSFET WITH JFET

a.

In enhancement and depletion types of MOSFET, the transverse electric field
induced across an insulating layer deposited on the semiconductor material controls
the conductivity of the channel.

In the JFET the transverse electric field across the reverse biased PN junction
controls the conductivity of the channel.

The gate leakage current in a MOSFET is of the order of 10"'?A. Hence the input
resistance of a MOSFET is very high in the order of 10’ to 10" Q. The gate
leakage current of a JFET is of the order of 10'9A., and its input resistance is of the

order of 10%Q).

The output characteristics of the JFET are flatter than those of the MOSFET, and
hence the drain resistance of a JFET (0.1 to IMQ) is much higher than that of a
MOSFET (1 to S0kQ).

JFETs are operated only in the depletion mode. The depletion type MOSFET may
be operated in both depletion and enhancement mode.

Comparing to JFET, MOSFETs are easier to fabricate.
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UNIT-V
TRANSISTOR BIASING AND STABILIZATION

5.1 NEED FOR TRANSISTOR BIASING:

If the o/p signal must be a faithful reproduction of the i/p signal, the transistor must be
operated in active region. That means an operating point has to be established in this region . To
establlsh an operating point (proper values of collector current I, and collector to emitter voltage
VcE) appropriate supply voltages and resistances must be suitably chosen in the ckt. This process
of selecting proper supply voltages and resistance for obtaining desired operating point or Q

@ point js called as biasing and the ckt used for transistor biasing is called as biasing ckt.

There are four conditions to be met by a transistor so that it acts as a faithful ampr:

1) Emitter base junction must be forward biased (Vgg=0.7Vfor Si, 0.2V for Ge) and
collector base junction must be reverse biased for all levels of i/p signal.

2) V.. voltage should not fall below Vg @at) (0.3V for Si, 0.1V for Ge) for any part of the
i/p signal. For Vg less than Vg (s the collector base junction is not probably reverse
biased.

3) The value of the signal I, when no signal is applied should be at least equal to the max.
collector current t due to signal alone.

4) Max. rating of the transistor Iymax), VcE (max) and Ppmay should not be exceeded at any
“value of i/p signal.

Consider the fig shown in figl. If operating point is selected at A, A represents a condition
when no bias is applied to the transistor i.e, 1:=0, Vcg =0. It does not satisfy the above said
conditions necessary for faithful amplification.

Point C is too close to Ppgmax) curve of the transistor. Therefore the o/p voltage swing in the
positive direction is limited.

Point B is located in the middle of active region .It will allow both positive and negative half
cycles in the o/p signal. It also provides linear gain and larger possible o/p voltages and currents

Hence operating point for a transistor amplifier is selected to be in the middle of active
region. :
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5.2 DC LOAD LINE:

Referring to the biasing circuit of fig 4.2a, the values of Vcc and R are fixed and Ic and VcE

are dependent on Rp.

Applying Kirchhoff’s voltage law to the collector circuit in fig. 4.2a, we get

Vce = IcRc + Vee

——

Vin

B Vce
fig 4.2a ! 12v 21V 24V

4

The straight line represented by AB in figd.2b is called the dc load line. The coordinates of
the end point A are obtained by substituting Vcg =0 in the above equation. Then Ic = %_

Vi
Therefore The coordinates of A are Vcg =0 and Ie = R—":-




| e
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

The coordinates of B are obtained by substituting Ic=0 in the above equation. Then Vce =
Vee. Therefore the coordinates of B are Vg =Vee and Ic=0. Thus the dc load line AB can be
drawn if the values of Rc and Vcce are known.

As shown in the figd.2b, the optimum POINT IS LOCATED AT THE MID POINT OF THE
MIDWAY BETWEEN a AND b. In order to get faithful amplification, the Q point must be well
within the active region of the transistor.

Even though the Q point is fixed properly, it is very important {o ensure that the operating
point remains stable where it is originally fixed. If the Q point shifis nearer to either A or B, the
output voltage and current get clipped, thereby o/p signal is distorted.

In practice, the Q-point tends to shift its position due to any or all of the following three main
factors.

(Y

1) Reverse saturation current, Ico, which doubles for every 10°C raise in temperature
2) Base emitter Voltage ,VBE, which decreases by 2.5 mV per °C
3) Transistor current gain, hpz or B which increases with temperature.

If base current Ip is kept constant since 1p is approximately equal to Vec/RB. If the transistor
is replaced by another one of the same type, one cannot ensure that the new transistor will have
identical parameters as that of the first one. Parameters such as B vary over a range. This results
in the variation of collector current Ic for a given Ig. Hence , in the o/p characteristics, the
spacing between the curves might increase or decrease which leads to the shifting of the Q-point
to a location which might be completely unsatisfactory.

5.3 AC LOAD LINE:

)

After drawing the dc load line, the operating point Q is properly located at the center of
the dc load line. This operating point is chosen under zero input signal condition of the circuit.
Hence the ac load line should also pas through the operating point Q. The effective ac load
resistance Rg, is a combination of Rc parallel to Ry i.e. R;, = R,||R¢. So the slope of the ac load

line CQD will be (;—1) To draw the ac load line, two end points, I.e. Vcgmax)and Ioimaxy When
ac

the signal is applied are required.
Vegtmaxy = Verg+leeRac » Which locates point D on the Ve axis.

@
Lmay = lce %, which locates the point C on the I¢ axis.

By joining points ¢ and D, ac load line CD is constructed. As Rc > R,., The dc load line is less
steep than ac load line.
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5.4 STABILITY FACTOR (S):

The rise of temperature results in increase in the value of transistor gain B and the leakage
current Ico. So, Ic also increases which results in a shift in operating point. Therefore, The
biasing network should be provided with thermal stability. Maintenance of the operating point is

specified by S, which indicates the degree of change in operating point due to change in
temperature.

The extent to which I¢ is stabilized with varying I¢ is measured by a stability factor S

s= M o s
B&D dlm MGD

For CE configuration ¥, = g1z + (1 + )l

Differentiate the above equation w.r.t Ic , We get

dl
1—3—4— a+ md;“
] _p8lsy_ (B+1)
” (1 ﬁdlc)_ s
i g A¥E
gl Edfg

S should be small to have better thermal stability.
Stability factor S’ and S’’:

S’ is defined as the rate of change of Ic with Vg, keeping I and Vgg constant.

. a3

Ve

S”’ is defined as the rate of change of Ic with B, keeping Ico.and Vgg constant.

S
ap
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5.5 METHODS OF TRANSISTOR BIASING:

1) Fixed bias (base bias)

+Vee

This form of biasing is also called base bias. In the fig 4.3 shown, the single power source (for
example, a battery) is used for both collector and base of a transistor, although separate batteries can also be

used.
In the given circuit,
Vee = 1R + Ve
Therefore, 1g = (Vec - Voe)/Rp
D Since the equation is independent of current IcR, dlp/dIcR =0 and the stability factor is given by the
equatjon..... reduces to

S=1+B

Since 3 is a large quantity, this is very poor biasing circuit. Therefore in practice the circuit is not

used for biasing.

does not vary significantly during use. As Ve is of fixed value, on

For a given transistor, Vbe | valug
pe is called fixed bias type of circuit.

selection of R, the base current I is fixed. Therefore this ty
Also for given circuit, Vee = IcRc + Vee

Therefore, Vee = Ve - IcRc
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Merits: 7
: oo Ttis simple to shift the operating point anywhere in the active region by merely
changing the base resistor (Rg). Eie .
: . A very small number of components are required.

Demerits:

. The collector current does not remain constant with variation in temperature or

power supply voltage. Therefore the operating point is unstable.
: . Changes in Vi, will change I and thus cause Rg to change.

the gain of the stage. ;
. When the transistor is replaced with another one, considerable change in the value

~ of B can be expected. Due to this change the operating point will shift.

“This in turn will alter

2) EMITTER-FEEDBACK BIAS:

~ The emitter feedback bias circuit is shown in the fig 4.4. The fixed bias circuit is
modified by attaching an external resistor to the emitter. This resistor introduces negative
feedback that stabilizes the Q-point. From Kirchhoff's voltage law, the voltage across the base

resistor is

Vrb = Ve - IRe - Vee.

Vin

From Ohm's law, the base current is

: .,Ib# Vva/ Rb =

www.FirstRanker.com
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The way feedback controls the bias point is as follows. If Vi is held constant and
temperature increases, emitter current increases. However, a larger I, increases the emitter
voltage Ve = IR, which in turn reduces the voltage Vg, across the base resistor. A lower base-
resistor voltage drop reduces the base current, which results in less collector current because I =
B Ig. Collector current and emitter current are related by I. = a I with a = 1, so increase in
emitter current with temperature is opposed, and operating point is kept stable.

Similarly, if the transistor is replaced by another, there may be a change in Ic
(corresponding to change in B-value, for example). By similar process as above, the change is
negated and operating point kept stable.

For the given circuit,

Is = (Vce - Vie)/(Rp + (B+1)Rg).

Merits:

The circuit has the tendency to stabilize operating point against changes in temperature
and B-value.

Demerits:
. In this circuit, to keep I¢ independent of B the following condition must be met:
Vo — Vi Vee — Vi

Rg+(B+1)Re~  Rgp
which is approximately the case if (B + 1 )Rg >> Rg.

. As B-value is fixed for a given transistor, this relation can be satisfied either by
keeping Rg very large, or making Rp very low.

. If Rg; is of large value, high V¢c is necessary. This increases cost as wel] as
precautions necessary while handling.
. If Rp is low, a separate low voltage supply should be used in the base circuit.

Using two supplies of different voltages is impractical.

. In addition to the above, Rg causes ac feedback which reduces the voltage gain of
the amplifier.

3) COLLECTOR TO BASE BIAS OR COLLECTOR FEED-BACK BIAS:

ol g e A e www.FirstRanker.com
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This configuration shown in fig 4.5 employs negative feedback to prevent thermal
runaway and stabilize the operating point. In this form of biasing, the base resistor Ry is
connected to the collector instead of connecting it to the DC source V.. So any thermal runaway
will induce a voltage drop across the Rc resistor that will throttle the transistor’s base current.

From Kirchhoff's voltage law, the voltage VRbacross the base resistor Ry is
Voltage drop actoss R:~ Voliage at hase
7 i
W=V — (L+h)R: - Ve

By the Ebers—Moll model, . = Bl and so

I
Vi = Ve — (Bl +16)Re — Voo = Vie — Fo(B+ 1) Re — Vi,
From Ohm's law, the base current Iy = Va, / Rb, and so

2
Tols = Ve — Io(B+ 1) Re Vi

Hence, the base current 4 is

B+ (B+1)R.

If V4. is held constant and temperature increases, then the collector current I increases.
However, a larger I. causes the voltage drop across resistor R. to increase, which in turn reduces
the voltage Rbacross the base resistor Ry. A lower base-resistor voltage drop reduces the hase
current I, wl.uch results in less collector current I.. Because an increase in collector current with
temperat:ng is opposed, the operating point is kept stable.

L
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Merits:
. Circuit stabilizes the operating point against variations in temperature and  (i.e.
replacement of transistor)
Demerits:
. In this circuit, to keep I; independent of B, the following condition must be met:
. BVae — Voe) (Voo — Vhe)
Ic = ﬂfb = ~

R.+R.+BR.~ R,
which is the case when
BR. > R,

. As B-value is fixed (and generally unknown) for a given transistor, this relation
can be satisfied either by keeping R. fairly large or making Ry, very low.

. If R is large, a high V.. is necessary, which increases cost as well as precautions
necessary while handling.
. If Ry, is low, the reverse bias of the collector—base region is small, which limits the

range of collector voltage swing that leaves the transistor in active mode.

. The resistor Ry, causes an AC feedback, reducing the voltage gain of the amplifier.
This undesirable effect is a trade-off for greater Q-point stability.

Usage: The feedback also decreases the input impedance of the amplifier as seen from

the base, which can be advantageous. Due to the gain reduction from feedback, this biasing form
is used only when the trade-off for stability is warranted.

4) COLLECTOR -EMITTER FEEDBACK BIAS:

. www.FirstRanker.com
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The above fig4.6 shows the collector —emitter feedback bias circuit that can be obtained
by applying both the collector feedback and emitter feedback. Here the collector feedback is
provided by connecting a resistance RB from the collector to the base and emitter feedback is
provided by connecting an emitter Re from emitter to ground. Both feed backs are used to

control collector current and base current IB in the opposite direction to increase the stability as
compared to the previous biasing circuits.

5)‘ VOLTAGE DIVIDER BIAS OR SELF BIAS OR EMITTER BIAS:

The voltage divider as shown in the fig 4.7 is formed using external resistors R; and R..

The voltage across R, forward biases the emitter junction. By proper selection of resistors R; and

" Ry, the operating point of the transistor can be made independent of B. In this circuit, the voltage
~ divider holds the base voltage fixed independent of base current provided the divider current js
large compared to the base current. However, even with a fixed base voltage, collector current

varies with temperature (for example) so an emiter resistor is added to stabilize the Q-point,
similar to the above circuits with emitter resistor.




| 4] » Firstkanker.com

CIrsTTankers chokca www.FirstRanker.com www.FirstRanker.com

In this circuit the base voltage is given by:

R, RiRs
Ve —voltage across R = (Rl + R2) (Rl + RZ)

~V RZ
* (Rl + RZ)provided Ig<<z = VB/RQ.

Also VB = Vi + IgRg

For the given circuit,

V
(B+1)Rg+ Ry || Ry

Let the current in resistor R1 is I1 and this is divided into two parts — current through
base and resistor R2. Since the base current is very small so for all practical purpose it is
assumed that I1 also flows through R2, so we have

Ve

* R+R,
VCC

¥V, = o *

* R, +R, F

Applying KVL in the circuit, we have
V2 =Ver + %

V, = Ve + Ry

~‘'www.FirstRanker.com



FirstRanker.com

Firstranker's choice

 www.FirstRanker.com ~ www_FirstRanker.com
ooz Yar
£ R
Ve — Vo s
3€ T RP -2 }IC fad iE
g
LR YR, Ry~ Vg
Jn= 2
; R

It is apparent from above expression that the collector current js independent of ? thus the
 stability is excellent. In all practical cases the value of VBE is quite small in comparison 1o the
V2, so it can be ignored in the above expression so the collector current is almost independent of
the transistor parameters thus this arrangement provides excellent stability.
Again applying KVL in collector circuit, we have
Vee = deRe + Ve + IgRy

s

[ty
£S5y

“ Voo =IeRe+ Vo + IRy
Ver = Vee — I (B + R}
The resistor RE provides stability to the circuit, If the current through the collector rises,

the voltage across the resistor RE also rises, This will cause VCE to increase as the voltage V2 is

independent of collector current. This decreases the base current, thus collector current increases
to its former value.

Stability factor for such circuit arrangement is given by
5= B+B)R,, + &)
R YRR

a+p) (1 + %f)

If Req/RE is very small compared to 1, it can be ignored in the above expression thus we
have

i+
1+ 58

5=

1

Which is excellent since it is the smallest possible valye fo

practice the value of stability factor is around 8-10, since Req/RE cann
toil.

r the stability. In actual
ot be ignored as compared

 Merits:

. : Unliké_: above circuits, only one dc supply is necessary.

www.FirstRanker.com
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. Operating point is almost independent of p variation.

. Operating point stabilized against shift in temperature.

Demerits:

. In this circuit, to keep I¢ independent of B the following condition must be met:

|7, VQQ
Io=glz=p ﬁ%‘vbe %1+31/R2_V5‘3
¢ BT P B )Ry + Ry | Re Rg

which is approximately the case if (;B + I)RE‘ >> Ry ” Ry

where R; || R; denotes the equivalent resistance of R; and R; connected in parallel.

1))

. As B-value is fixed for a given transistor, this relation can be satisfied either by
keeping Rg fairly large, or making R,||R; very low.

. If Rg is of large value, high Vcc is necessary. This increases cost as well as
precautions necessary while handling.

° If Ry || Rz is low, either R, is low, or R; is low, or both are low. A low R; raises
Vs closer to V, reducing the available swing in collector voltage, and limiting how large R¢ can
be made without driving the transistor out of active mode. A low R, lowers V., reducing the
allowed collector current. Lowering both resistor values draws more current from the power
supply and lowers the input resistance of the amplifier as seen from the base.

. AC as well as DC feedback is caused by Rg, which reduces the AC voltage gain
of the amplifier. A method to avoid AC feedback while retaining DC feedback is discussed
below.

% Usage: The circuit's stability and merits as above make it widely used for linear circuits.

5.6 BIAS COMPENSATION USING DIODE AND TRANSISTOR:

The various biasing circuits considered use some type of negative feedback to stabilize

the operation point. Also, diodes, thermistors and sensistors can be used 1o compensate for
variations in current.

DIODE COMPENSATION:

www.FirstRanker.com
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fig 4.8

The following fig4.8 shows a transistor amplifier with a diode D connected across the
base-emitter junction for compensation of change in collector saturation current Ico. The diode is
of the same material as the transistor and it is reverse biased by e the emitter-base junction
voltage Vg, allowing the diode reverse saturation current Io to flow through diode D. The base
current Ig=I-Io.

As long as temperature is constant, diode D operates as a resistor. As the temperature
increases, Ico of the transistor increases. Hence, to compensate for this, the base current Ig
should be decreased.

The increase in temperature will also cause the leakage current I through D to increase
and thereby decrease the base current Ig. This is the required action to keep Ic constant.

This type of bias compensation does not need a change in Ic to effect the change in I, as
both lp and I¢o can track almost equally according to the change in temperature.

THERMISTOR COMPENSATION:

The following figd.9 a thermistor Rr, having a negative temperature coefficient is
connected in parallel with R,. The resistance of thermistor decreases exponentially with increase
of temperature. An increase of temperature will decrease the base voltage Vg, reducing Iz and

Ic.

~ www.FirstRanker.com
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-— —
RT
R R
. fig 4.9 ;
SENSISTOR COMPENSATION:
| In the following fig4.10 shown a sensistor Rs having a positive temperature coefficient is
‘ connected across R; or Rg. Rs increases with temperature. As the temperature increases, the
equivalent resistance of the parallel combination of R1 and Rs also increases and hence Vpg
decreases, reducing I and Ic. This reduced lc compensates for increased Ic caused by the
increase in Vg, Ico and f due to temperature.
1
I |
- Re 3k
-
Vout

- | L fig4.10
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5.7 THERMAL RUNAWAY AND THERMAL STABILITY:
THERMAL RUNAWAY:

The collector current for the CE circuit is given by I, = Blg + (1 + £)I,o. The three
variables in the equation, B, Ig, and I, increases with rise in temperature. In particular, the
reverse saturation current or leakage current I, changes greatly with temperature. Specifically it
doubles for every 10°C rise in temperature. The collector current f.causes the collector base
Jjunction temperature to rise which in turn, increase I, , as a result I, will increase still further,

which will further rise the temperature at the collector base junction. This process will become
cumulative leading at the collector base junction. This process will become cumulative leading to N

“thermal runaway”. Consequently, the ratings of the transistor are exceeded which may destroy
the transistor itself.

The collector is made larger in size than the emitter in order to help the heat developed at
the collector junction. However if the circuit is designed such that the base current I is made to

decrease automatically with rise in temperature, then the decrease in BIz will compensate for
increase in the (1 + B)I., , keeping I, almost constant. ‘

THERMAL RESISTANCE

Consider transistor used in a circuit where the ambient temperature of the air around the
transistor is ToC and the temperature of the collector-base junction of the transistor is T;°C.

Due to heating within the transistor T} is higher than T,. As the temperature difference T)- T, is
greater, the power dissipated in the transistor, Pp, will be greater, i.e, T;- Ta xPp

B\
The equation can be written as T)- To= @ Pp. , where @ is the constant of proportionality ﬁ}
and is called the Thermal resistance. Rearranging the above equation & = Tj- T, /Pp. Hence @ is

measured in °C/W which may be as small as 0.2 °C/W for a high power transistor that has an
efficient heat sink or up to 1000°C/W for small signal, low power transistor which have no
cooling provision.

As @ represents total thermal resistance from a transistor junction to the ambient
temperature, it is referred to as ®1.4. However, for power transistors, thermal resistance

is given
form junction to case, @;.c.

The amount resistance from junction to ambience is considered to consist of 2 parts,

01.4=0)¢ - Oc.a.

. www.FirstRanker.com
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Which indicates the heat dissipated in the junction must make its way to the surrounding air
through two series paths from junction to case and from case 1o air. Hence the power dissipated.

Pp=(T-Ta O
=(Ty-Ta )/ (@).c + Oca)

O).c is determined by the type of manufacture of the transistor and how it is located I the case,
but Oc.4 is determined by the surface area of the case or flange and its contact with air. If the
g effective surface area of the transistor case could be increased, the resistance to heat flows, or
could be increased @c., could be decreased. This can be achieved by the use of a heat sink.

The heat sink is a relatively large, finned, usually black metallic heat conducting device
1 ~ in close contact with transistor case or flange. Many versions of heat sink exist depending upon
b the shape and size of the transistor. Larger the heat sink smaller is the thermal resistance ®ys.a.

it This thermal resistance is not added to @c., in series, but is instead in parallel with it and if

Ops.a is much less than Oc., then Oc.4 will be reduced significantly, thereby improving the
dissipation capability of the transistor. Thus

O 1A=0)c+ Oc.pl Ous.a.

5.8 CONDITION FOR THERMAL STABILITY:

‘ For preventing thermal runaway, the required condition I the rate at which the heat is
| released at the collector junction should not exceed the rate at which the heat can be dissipated
i under steady state condition. Hence the condition to be satisfied to avoid thermal runaway is

given by
! ap. 1
a7, " @

If the circuit is properly designed, then the transistor cannot runaway below a specified ambient
temperature or even under any conditions.

In the self biased circuit the transistor is biased in the active region. The power generated
at the junction without any signal is

Pe=1IcVep ™ IcVeg

Let us assume that the quiescent collector and the emitter currents are equal. Then

T P i O e S S Y
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Pc= Ichc— Ig(RE‘l'Rc} ...................... (1)

The condition to prevent thermal runaway can be written as

oPcol; 1
3l T, - @ 2)

As @ and % are positive, ET?should be negative in order to satisfy the above condition.
i3

Differentiating equation (1) w.r.t I we get
oP,
E Vee = 2L R+ B) v e (3)

Hence to avoid thermal runaway it is necessary that

Vec
7 2(Rg+ R,) ()

SinceVCE=VCC-IC(RE+RC) then eq(4) implies that VCE<VCC/2. IF the inequality of eq(4) is
not satisfied and VCE<VCC/2, then from eq(3), Z—';C is positive., and the corresponding eq(2)
c

should be satisfied. Other wise thermal runaway will occur.
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