T, PART-B 2 Bacc ELECRONICE ENGINESRNG
: UNIT- 1
| SemMl ConNDocToR  Dentces
Trtroduction — Evoluton of Elechoniess Vacoum fubes to rono
€chh®dc§— ¢harocterstics O PN Junctlon Diede— Zener Stfect—
Zener Diede . and Hs Charactenshies: Bipolar ’JTUY\CP'O"‘ ?“mm
—CB, ¢c€g) ¢ C Con+\ciurdﬁon- and Chamo&ﬁgh‘&*9¢m€”+ar‘{
Treotwemt ©f Sralt Sgmal G Amplifie
Lrvodiueton? i
C v Eleckonics 2- The  lechons 1okfch ~locos trwough Hhe
Corduetpas oqdvcs wt clechie Curent -
o The cuwrest Gon be _?deuccof vt e help 0f LecHerres
oK cfa\qcri-oas- Thés Cuvrent @n be ied -fmr Vanious  purpese.-
o The genesator, Control and fensmission (botn Daand Ac)
Of the Curent &anc‘g—-'\%f 'fvovﬂ ePew mfero amperes o hundsesfs
of amperess |
— The flows g clechonsts has been ,?ejcdcittd aud
tonbolled in elechpnic devices. ThA i also called as Siynal,
wmemage dala or any othets
& has  whle "0"47@ Of A;pl(‘cdf(ow Sucth & ¢ hch\ﬁ‘Ca-Ha,
Amﬁ‘f“c‘*ﬁ"“f pouweeR caﬁnenod-vbw Communicathon =te.

(} Scanned with OKEN Scanner



Evole HHow Dl Clechoviege. &=
It deals whth “fhe Curvrent —flew i Ser” Conductors.
Most clechonte Conipomems are \bn\f Lrall, and Jle%u.f’fe Sl
ATrect  Cuyyerd Coed Voltaqg es (3-1ay Dc).
— Deals (v Fhe  Current _—Fteco (h  Corductoad.
Elechfcal Componente —erdds to e [leqgr, and use a(k—m—Hr\?
Curvent (Ac) Voltaqes (R3oY Ac). |

EVduHDn O} Elcchornw V\Aa?olxd M%
3 L’ad chmr.-.-ﬁﬁﬁl? le The \acuum tube.

2. The ’h"an&sfor

3- Qn'fcq-rab-d Girents
- In 1883, Thomds alur Edfenn .d_CSCC)VCFCCf “trext, €lechrong

il frow from | One metal Corductnt do anethes Toveugh ]
Nactuen - Colon @phect | | ; |
o e o iy oyt e e i
— N BQEJ ﬁsalloto? &, | o = (:%l;n %GC&QC
Slervent -{:\_bc cQ\\@:ﬂ\LQ_Lc_g, ?‘jik"'ﬂfﬁi" cleveloped q—h&'
o4 Clectmnis. e TR s e e begi
| ’ e Goid Conhnl)
— In Jﬁ‘r‘*/ M‘.._.i__m? Prvented (adio tDhich toag —the Pﬁ’mwﬂ
Jorm e84 educohon and @rrtertainenent- , | —_—
— Th 1943, “the trondistor oas Prventd by John Randesr),
Waler brodaln ond Lillamn Sheckley H Rell Ctakborotories.
4 This verstion revoluliont?2ed Elec hrorice ‘?ﬂdusﬁ'\d due kb

frs Aeoutures Such as gl oeiqht, loo cost, less potoer,
yelfa =y h‘} . Ohich yedveoss the Y= 6 CGleahprie Aevices

In 1986 Apother breatdtmough happened & i@ ot Bell

e kororizs ; Trv ervted vistor alko Celled  SPleqn
tonbo ke
Rectities cgep). f“’*i i

(¥ Scanned with OKEN Scanner



\ T \Agse (]a(‘:\c bf’“dj O em‘]meex %..TQ'LQS, anl‘vuméhﬁ

A emonttatsy)  the ,-[—;\rs-!- 2. T e
{. me](’ no: o} Clechonic lomponerds (ould be jﬂab”’@ d

: ; " horied ye\/olution’
"\'UC](—‘“'\GT oM & S\nﬂh N\"(}C Q&au\nmnq Dy mrcroelee ‘

\/'(IPC)UW“) Tu\:ﬂ "{0 Nano - Elcc}mm‘cgie
Cleckontess. A Areld 04 Scrence and &lcchnoto%) Cngineeting,

which oleals toMh elechon devices and heir bdiczation:
Lechon Device mearws 1A dewte (p which tenducton Jares
Pace bﬂ the movement 04 elechonk. |

) ; 2,
Hirst G]ene&cﬂ\'on - VO\CCLUm (Uubex?
es) usually

\acaum fube_é(ak&t_:' Knowon os "fhefm;n‘on|‘c Nalu N
(ontsiet o the ._gf‘o‘(lotb?nc) Conrnpo'nerﬁ" | ‘ P g A“ﬁit&
\- Ccﬁh'c;d@,CK) G\T‘é_ft )\
a. fnecle (P), atswo Knoton cu*fhe_l)la'_G | »
3 contol God (8. 0 Catrde é'_#bmemt
4. Polament [F), Sometimes Called the- heoter.

Q_,CY‘B:‘Q-Q!Q% 1+ seleaees Clecheng Trio -Free. Space- -
Ancde. Po&,ﬁ-«‘\l& bioged « 2 Preducgg aS»h’onca clecr»a
«-Pretd beteoeen e Catbode and e anode.

™oment - U4 heatz up tre Cathede <o Sudtptrent 'fEmr:echure
Pirecten of the Curvrents ‘oppoSite tothe divecton o the

meovemet oy elechna -

%ﬁ(_j_g Pt Centols —the amount ©f clectrore -!L(omf’f\% ~to “the
anode: " ?

C Dn elechonics, A Vacuum “Tube o '. | flarnenst
&1 o davice “hat Conbtls electse ?\o‘ ] _—::: F—cmhodi
Cuvfent -—-}Loto n o M"cah Voccumam e | 5:':—:? |

lhe tudecn elcchpoles to wohienh an EnNelepe |

(} Scanned with OKEN Scanner



€lechrc Pel:_en*h‘a\ oh‘.f—}erence has been appl\‘@d.

There Cre mom\\ 'RJP@S o4 Vhcuum Jobes ooepend'mﬁ on

“"Rdr Ulc. 'The_v_‘ Qre @SSen"h\a\hd wsed -—fgy a numnber C%_'fUYHOMH
S\cchyonre --Pum*i-!ms Stueh o Sl’cﬁno,l AmP\p‘@‘QQ»Hon and curyent

Ecc*ﬁf-\o«rhbﬂ
Second QC:DG’XO'HDO £ Tramsistore g~

*  Ued P C‘"’P":F‘d e lechgieal srqmg and in stchff@
cereufle.

¥ Use Q{ ‘?gmo‘m‘um and Silicon Semi-Conaluctoy
motenals ‘c&af’n morc 'iPO‘PUlaY“tJ and toide O-C"»ﬁP“ame tn
o\\\.F.{ueren\':- Elechmntc civeutis- ' db\\.c.c':t-o}

Nl PN — ‘B‘”‘

s . \ Emitey
Collectos I =
Bose

w\\e}w{ AN .
PN P [—&miter
l ,
Bale

—Lnro\ CFHESZO'\LDO Arﬁ-cqutcd’ Cireuilx ; : | | |
I A8 r]uct b(bLJ Of . “lezas ﬂrzshrumenﬁ and ‘Robcrl.z |

“Noy e G todr child  Cemt Conductot. (or-epesntion fndepemle‘y
WOLLW S | Jo veduee Cirouwdt Stze  fusther.

¥ The ethe= elechore Cicow, gmi— ‘“*‘ecrrni-ccl 2 T £
§w~o5(.n prece  Of &déal  rnoterial:

P R@SQHCA B lowo Cost, S2e and we"JM

¥y (D.CTJQ\ Fela  tocre yet onsther, Obust2e oleveiopnect

N pePendtn@' on <the Nuber 1 C‘IDMPO hcn,t (:mnsk_ )

be \. gn.\cg[mtub ':l‘?\e,o.r Were  Cortegon ®ed| ag SSR, Mg,
| te 182, V62, LLST. | Ao &

(} Scanned with OKEN Scanner



3
NS/Y\C\\\ Scale Rt (TD'O‘I*“OO (QS:P )1

P Ahex 46:"\“0\0%/ - to transistore Were efabno?.u
on QSﬁ)ﬂ(e Cth‘ @% C{O\tQS "f'lP'-f»(DPS
M@A"u M Seale q{H(‘CTY(Thbﬂ (M.Q,l
*\ léFSDD Fronatstore Cauhh" b {on'{\:qYO'fec’ On oo
S"“C]\f« e hp - %or: A bt M1'Clo processon<
Lﬂh Scale A :HLOP’O\‘\Q(\ LLSJ?)’

&e,boo ~Fvonare—tors Could be ‘fn-\eqvoﬂ'éd [u3p)
R‘AM, RON

4 seo-
o qulc, C hip: gﬂ
\JLs? Q\cn;d Lcwojc) Fourin Qenc’&ahon CM,Qmpﬂ@Q@%M}

o, beo to - tD,Do/mo "'\rc\ns\m'rs Cah-‘oc acmww&lﬂ

Q& - b e pmca)éﬂ’\/

QE;- (ér—BD_. LR rmoicro PWDCC(%OQ

vLsk C pleror 49*765
P G efcobm@wcacd , more than ene’ m;‘/h‘on
,f-{angz‘s-\vﬂg Can bea Cthe)’nmq}détc/ @7 an[ 486 anc/
Pcr) +om protrsos -y ;
Mole tronres » J:l- uﬁhc& C/ombﬁncrhbn of mo!eculc,g
omo\ Elechoret . B U a pew ‘k:ch'noto(av cx(j'f‘cf OLST
eohich W molecules o perform the dunction G-
e lechonics ComFonenlI Such a3 Dedey, Tranaistorg
‘W(’, ?atu clc:
¥y Micro elechoricl ¢ - 2t yesere o @ﬁ:,Lolcd and
Mmanu fac‘ﬁ"‘\‘(@ oF \/@n:r grrall cleckonic Aesign and

Corpponents Cmn‘cronf:tr €12

G Scanned with OKEN Scanner



N ano Elce bpniear: | r
R refers do tthe Wie 6f nanerteclymology r
elechenies  componertt (hano sipge). Nano @lechonice
Trvolve s Leorm‘m? Lotth  &huctures ,onwnonome:ttr
Scale, odtenng  potenttel - advantage  Sueh A Eroproved
?Gt{o\v monCe @nqu(J e-b-ﬁu‘ema% ord mDVeL jQAhQ’D\OWQl"”HQJ?.

Ac ‘l\((jh*i(h eR "
S Sleducm( Ssc. am( Scale G Mechin
& -Advorreed rm'o?crhcs @6 Cernt conductore Comy be_
o("@,—cdmmeg;
> Ce u-kr' Condumes |ess cnedgy- )
" J”“"z% specdl and  Capatity memory.
& Nlowee Cireurt o be mole accurete on the

otomie elel - ‘
‘D 1&&5 v O\M%@A

Nes{a*\ﬂ‘fa Qm\nro merrla| &mfo\d‘

S Heallts pvob’mu , » - o
\&bexzpops <theet aye obmﬂ@mu\x = e&g[y,

m&édo\é__

(¥ Scanned with OKEN Scanner



f

% Sem\ Concletetort y
The Solid modcno\l& ove. C(agm Bed it "%waa —'-VPG
,\mmﬂhe Consscletodion & Cuvverrd Cam{mq &?qb |Hhteg
O Conduetore ’
W Dnsulators ‘0““9‘&
W Semi— Concluctor.
Conductove R ettt . 4
% An qcne&a\ ol metalg 'afé; ?md Corductarc
% “The pupoe o (onductor 3 4o ollow elechical Cutrent
4o Jtowo ot mintmun)  Yesistonece
etr"TFeJ.d ollous @lechone 4o ftow eaa?bd Frctde them Pom
Odorn o otom
@Y:v Ceppes, Gold, Siluee, bon, bvorte
Ansulotors
g Eneulators are uled o Prevent The rf{eus 3\ el@}r%a%.
- Qmuka-h'f\q Maderald Such at qtus, Rulolger, ?la&-h‘c,
pojethylene  ore Called Arelechse.
& Inbuledore ope —those Tn totaeh Valenee Clechons are.
beundl Vesy '(ic(HL‘p Ao Very {mqe elechse \—j-\.\elol U fequired t
Yemowe rem: Pue Aot reasom insulators cloec not allow
el@:mc&gd “trougl Frens. &5+ Weed, Plaske, Ceramie
Lz~ (onductor .
Medesale Lolich Gre Nefther Conductors mov Tnaulator,

‘e, tohtge  Clechseal f‘zmperheﬂ ltef betuyeen Cornaua bong
ond  (neutadrh

I
G Scanned with OKEN Scanner



Some  Common  Semi Condluaken g %

Eleme ~ o
Menty «%‘ SP- S(—"hcev)/ Ge - ¢,
= Lbermonitury

Compouing — Q

AAs — Qolluun ﬁmeﬁfoj e
QQP~ (XY

Algs - |
Alp -

Ph Qsp\nlz’le,
Huviinium Areentole .
A(umim’gm phosphide.

1

(¥ Scanned with OKEN Scanner



\, |\dpu @b Ser® - (onductonts @

'Thcxi ave o Mpu 04 Semt
(= Phfnere Senmovauo tO5 T
s, Extefnsic  Semfeondudtod:
Semy Conctuctors

AP - —

T riRinsic: ;Sem? coraluctor - Exinsic Lem:i corductoe.

(oncluc torX.

Cermnfoondtictors that  arve . Semfeondluctos —\formec(
‘Frca of oleping tmpurfties, . Afrter -kl ing lmpuﬂﬂ&g
Ex ¢ Germon‘?wﬁ, Seleeon. \L vegbdi s WEY

: TF L
Ppure «—form c)b G'(eg. N-Type _ pP—Tyr
MQVG‘QM i T-r. V‘o\lefﬂ"
( “e nh '-n‘l) ‘ ZmPUY‘HH A ZMPC‘TV‘E!
o lolonc e 2 valante
PLTHP@ (., ¢ PT'-[P@ (g \?egm ) ( clechons)
N ,Mﬁvm%er-) C‘[d qaﬂLurY) ga« N B, RAS T e @]a,BIZn,QLM
Bt - Biemub B-Bovon . Sb.ckC . @w?mF‘“+fn
P- PhOSPthOLLﬂ Aléi\)lur;;;t?;ﬂ ‘ ’])ono'\’ Lropurily— ND MPCV)LC’).}-Y)@‘)
AS— Arsenic L’ﬂe)-> nl-,)
Sb— Arimeny elcdwns holea

DOP?“ﬂo’ :Dopmca - Procem &4 add\na a. Ceﬁ‘qm amoum-
of Spectic Lmparities Called  dopards oy & i
Holes g When an elechon acﬁ' ff*rec. ‘f'/‘em a CD\/ngr){_ loo'no{
Rt Creates Ou\faccxnc.{ & the bord. Thi me‘f(ﬁcen!-cr

o+ Cle,ch"vn Oee:ﬂ-\\c_\encu‘) acts oa O\Pcsf'h‘\fe Center Cr\ou_)
a8 hole ' '

C,er'mrws\’ Ser? Conductols wam? \/emj Lo Conduf.hv;(::,

QL*'W\& nurmbes o(eﬂmbg €)+ elechons and holes 9 P,ura
Sem? Conductord GO \[520.‘1 Loo. £ :

S |

G Scanned with OKEN Scanner



Exctrinerc Sermn Conductorsg /
o 4
Semfoonaluctors In their pure '&mrm are Noi-

\[en\.' L\&C*—U\ becouwse ©f fﬁwe\‘fr'. lowd ,Cor\oQLlC‘H\lthj‘ &n odoley
‘o Prerease dhetr Conductivity , Umpuritiey are odidedf
‘o them. |
N“ Tld pe  SendP e ornctuctoy s
— When o pure Berm? tonductor 04, Si ox e
gt 2mPJ'rﬂ'1‘C.L
é-{eiva szlerﬂ) O o(e)Pé:o\ with o ﬂmUP(W P@r’“‘amle”"’/\ ["b:.

arsene. (ALY, Arﬂw‘mom_,CSlo)/ phosphorous (p) et ’ﬂ%@
Semi Corluctny § Obba\thed . ' |

TThe P@ﬂ'{‘O\VQ t@ﬂ'{‘ ZmFuf;
Aonrar atomy.

"H%’ Atbma are tnewn o
ISR NS Wt S Cermaniom atoms

__ Pree eléchont
e e
L ¢ ® o ec B!
@ ®o e? @30——— Less 0\&0(‘) ‘
X P o] holes DO ntavalent
PP e, o
i) N I Avzelin
Pogxrh‘yg donar 0. Feir
(one -
NZET ype
- O
‘H% Shous ~fhe mj&{n" Valence clechpnia

Shuctuve ebtained tOhen
'Pen‘\:a\[al_o.m arsSenrc '?mpu-ﬁ{-&i

T odded cotth puvre %emnpiur*)brg{s*.ed' Tha +ou~r Valence
Clechms of arsente atomn form CoVolent borde tetth
Clechons O’-t- ﬂ@fca'%bbt‘lﬂeﬁﬁ ,-f.eur .?@r‘ma‘n!‘um AQ‘TOYT)(S"TEE_

£}Eb ClecHron ©4 oarsenre atemn A LDGSC’.LLI- E)@UQQ\, Thfx

. \:,u\cﬂl N+~ ijpe, - Ly Cordlaretoy.

Clechon Ccan mole abbut almest as {vee[»j og an

clechon h a Conductor: and hence Letll be the

CQ—\'ﬁer ®+ =ra CL\YYEQ-} : . ; ’ //‘.\\ %

G Scanned with OKEN Scanner



i e

dn n-—b.‘pe,, the Nno-g- clechons frnereaset , ComPareci do
he owaflabie Nnumibey Oy Qtr\arcaa Carrers n {ntrinsre

Sem corduetor. Ty & beamwse, +he avoaLabce Lav‘cier no- g
Clecbhond Phoreases e ratn of \racombgm‘h‘on O} <lechony
with  boles: | ' | 2

Hence , ! I:rcc Cilr:chrbms Are. the mad—-avrrt? [nqrca&
Cuyriers and holes arc e M\Y\O'ﬂb‘j charge Cb.rrﬂers
FP Ld(x i Conduc tors 8- 1

tOhen a Small ﬂmaurﬁ o4 Mvalent ,MPur?kf (Sueh o
Praiuw, boron @8 %altmm) & odded o & ?u'ra Semicondete to
Cﬂ_‘{-&al, ffh@. r@smwma, Sem’ tonduetoX cnf'fal u Clled FﬁjPe

P-type.
e »

= @ @ @ ®0—1—-‘?H‘o\
6 & @ @ @
@ © @ @ @

m’?‘ﬁf} fors

' ' | Tstvalent -~
S:f% ohen Tﬁ\fa‘en* lmPUﬁBj & added ZEMPUY' CL] ato

Loty pure Cermanium QTL‘S"‘\?J
The “Tmee \lalance Elechons Of The bovon atom Jorm
(odotlamt lborcts todth \alonce elechons of “threc ney‘akbom’
b ecd ﬁermomum atormi.  Dn sthe rfeurfh tovlalent bord only

one  \olence  Clech™n W oodlale - '@'cm %armanmm

ptom ond here oteditienayy  Of ©ne  elechon tohich O
colted A bple. +ence Jor cach boron . atom added, Ore
hole 6 Crected: Shee e holee Can Aceept elechdns

%,Um ﬁ@:‘éﬂc\bwﬂr\ood, +he [mPurH»i.j U ‘Colled aage’)*‘ob’

- The  hotes Mmooy be -f-:\\eol bm‘ #he <clechon F]‘mﬂ)

g9 a hole ¢ tn The PQSM°:

(} Scanned with OKEN Scanner

o netahbeurng atom, Creotin



P‘f‘om L\Dherc the elechon moVes: SPoce e hole G
OLSSOC\thd Loith a Posf*h\fc Chovge mDV”‘9 trom  one.
pesfhion o anether, thi u called ?’WPC

Hence , ho‘Le(S are e mo‘@nb?ﬂa;m\@‘d ﬂ\nol
’r‘(‘?@ e\echond are the m’ﬂnonﬁj Carvmiers .

C‘\ovrxo%—cr{&hcg o‘ PN (junciiow Diccle 2

N J\UV\C‘hO\A r>\6 el [No C{PPhe.d b‘agj j\vAY];lh‘DY\

) p , N
o0 |00

. 606606) S N ‘

Arfference  botroeen PN - M@@@@ g 2%% |

nck and Pnl ncf:w') . .
ju on OoNn AR "\D\C-"_S ?@ @ 6 @ @ @ @ e
Adode ' B Dbtoined b&r L3 ponoy.lons

Cttto.chmcﬁ oo me.tol Con-’ract C{L?gm Hg:: No opplied brag

Tmct\‘on‘bfoc\& T o

4o tormtnal) deviee, the

Tt has %T@: Fos@bl Heg: (- No Biag, o Fomoo,vd Blag-
2. Revesse Bca&

Blase Eia,smca" u where' the eSxternal \jé(tqcr.él 5 clelived|
Gcrose -the PN gurcton diede. Clo tum on -the clechonic
device). il o DL AR
N C&‘Uhc{:\‘on Coms‘\-?*kr‘t'eks a Tecih‘&cr Whick' Pcfrr;i G +he
€ty Jtow o Chowge th ©ne_ olivection but yeshainy he
How> on pppetHe  di¥ection: |
¥ The P—type Semit conductory haas mere ‘hslee and
less  eleches - “The h-—bld'pa hot More elechdng and .2 holes.
—j%em/efofe, ot <the Feneton, ~the clxhorn (b The NAn‘de have
e -"fX‘O\Cﬂc\i ‘to Ve oo ccolde the p- S;Pde i’ s S
* g\'m\\af\ty the bholes on the ' P~Oide lhowe a 'fcr)denozf
40 move.  toueorde <the N-Siole.
& -Acw’ldm?*b ok, "fheL elcch@'n anol hete,s rec.evnbv\as

(} Scanned with OKEN Scanner



L\SQ‘“‘) eoch @thcr) o <-j-orm 'recron ot the a‘UnOﬂﬁn e
t G Ccolled dczple.'cn‘on qumon.

¥ as e reccmb‘ohaﬁor)

tares pace; fromoblle Tong ‘ —
Lot Suvface out becauwce SESROR S - @@@

. @ E_)
%» d‘%-[—LLQIOD' : 4 R gl -
The FVDCG&S o MeVement @ 5 @ ‘ @ @@ @
X ' MHve
e Chor?e axvrrieys .-{me aaahb‘l.e_ Eleatia P?{i'mabz e
‘/\35@; Concentrotion o one freld form fon<
(owex Concentyoctbn 7@@0‘&‘4 Fo 5 No bias Conditon

4

Adsftusion Cuvrenst- .
¥ Mhen —the ‘«(Zfec, clectore  nhove {vom n-type ko 'P—tr.fpe,j
“the doraxy fons becomes ?esi’—Hw_ Trmobtle Foyys(—kVa Chorged
Sﬂm?\aflkd wWhen the holes move 'f“r‘Dm P‘t'dpe_ o n»L-_LJpe ) atﬁéph)v
fene beCome. negative. charged These, two Changes, on either
Cidle mare o Potenthial (Sttterery) AcFoLs "h‘n& oﬂeplej-,‘oy\ Yeg3on
CaMed “]oonm\ar 'P}krrHoJ"- QOY') The elechwce —Fn‘dd ¥ 'fb;t*m;ed ?r)'
tre deperion megion ack as a boarier: b o
fhe  lowric ipotentinl . alos the oo of mo‘wqm'-!-‘d Cariteqs
oppeses tre ftow & magosly Gwer Trrouf e
Funetion. " e —mevement—Couted by —Vorodon T the
Qourrsel —Epreentadion d-Catted—C0h
Thee Movemesst™ Caused b*d Slechsc QEE\C_Q&JA Qod\ec(
du< +o -tus BPPGQHE. SHeets, Mo change Cqmerg Aare
%&pw «rrwowf« “+he aU“O—‘HDV\ ot nermal  Cenditiong,
(e y thﬁ Comrent = A H—u&on e uryent—
v Met Cuyyent— =0
2o eurrent Cacr'ﬂttf\j ah_ar?aeﬂ,

(} Scanned with OKEN Scanner



\Of KT “1\\/\0'1\‘50\/\ @ﬁode_}i . . ;
The. Condueton 51 o\md Asdes dcipe_nciz [S))

“‘thetr bﬂ\s\vxca Vhete ase. ~two types bﬁa&maa., nown al

A Fovward. BPA/S\nca | (P\e;\fcrge 53(4/5‘”3-

Jomoaral ?‘w\wrS\N‘o _

P s = ey N

\— ] 7

98 &, @J“.,'@" O ®®B | Ak
& A [ [ A PR .
¢de e 6 |6 6 O L;,E:]
gee,9  Fpoe | |
F‘de}\;k:t;n:; ‘

| Lau_’c'( {

operalien:
— Under -—forusorcl bfak, ~the. ' 'Pegf*-hve dermfnal g the

bm« & C_omedtd —1-0 :P-—'Etdpe ar\d —,'he, 'ﬂea—a—}-,‘r(_ -lcrm)naJ
o+ |lotrery o (’_,am'h@crltcl “to t\lf-’csdpe " moidenal g bowriex '
iede - _ : S »

— urdler —forwerd Bial Conch'on, ~the appied PQ&F'HVC.
\Usttage Yepels “the ho\e,s oo P"hdpc and ‘holes moves ’fOCﬁO?CL?
{the 'a:uﬂcboﬁ ' .

"gmula«hﬂ “‘the aPPhq:i mecao:h\rc \sltage. Yepels, “fhe.
Clectond (P n'-hdpe re:.mon ool e€lechond MoYe tHtoorale
~“the auno:bon .

-—l‘ke, loerres potential . i} .

— P e apphed vo \toge ™ ?W‘r}e\' “Fhon barsyter

1‘7046“1'\04/ “he- Mczdb’r)"‘\v Cowners n loth Tegions - move.

+Ou30f0L$-Thg_ '}uﬂcboﬂ St mMares =the - Curenrt u:f—-{g.i 1
“"a“‘# |
{

H gunetion el —the Aameount - ey - Cutrent oL:Pe.rnLa opoen |

G Scanned with OKEN Scanner



g Hhe vagrttude  of applied Ppotertial: . o~
" dor 2fliceny Npp =0 Y, for q‘ermanf’um e Vpp=0'2V
BP = Bowriers ?mﬁenh\a\-
\IF& SeNpp - -floco q elechors:
VFB < Vgp -~ No How q elechond

\| =P characten<ticrg.
¥ Ohen —the applied VMtﬂao‘c _Lp(m#xﬂ ¥ Ge  sP
potrtial B less than cue-thces)
+eshold Vottoge, ~the Cuyrent
fowo @ Veny o TThe et Th , |
\oleage U o av *fof e o0, .
O3V {-01’8’7- P G N

gy At He ent ~h ‘«lo(&aq»e/ \ﬂi C)/\cvacm%c,& 9 BB
+he a{:ﬁned PO*CM"\OJ @\E*QOMC& "f‘ha basz_x ‘Pobe,rﬂv‘oJ} P'r)d’ea!a
+~e  turent 'ropfo\[v(]

\

(Rexjeme 'E;la&ncﬁg.-
P - : N : N "

: . N
vy leelpo|- -] TP

—1+ 4 lee®® | = T —:‘h_"

|t ee|®® | J \1/ , T

Ho\es{#tow “ ' ’?{lgei}hom |
=+ .

g‘ﬂ' (Qe\fﬂiﬁ Rres  CondiBont.
y In el ee Ha&*”‘&/ ~the *PeQ‘LHV”Q —-\erm\na\ O the ‘Cﬁﬁe“'{y
B comested Ho m—type And the 'nacaah‘ ve, Hermina) g
bod’k:ﬂd/{') Comnected o fhe P*{'{_d,P& Maderil ﬁ'%&’

OUO A&’

G Scanned with OKEN Scanner



A
QY tnder yedexre  bias  Cconditon, Hre. MOGOE Co\mea
Loty Pand N Tegion ave moved —otoovole He bO:Hﬁihl

$ The hdez B 'P'—’C‘UPG ond the electons o ﬂ—&vpa
Teéxcon move o the ’Y\@q&'ﬁva ond. 'P&Sf"'_"“fc “erminals
Q -the losery- Hence, the wldth o4 -the depletion YReon
& fncveaseo\ ,  tohich pmven%‘ “+he 'jH,ou:) q mad,é)’mw
Ceiers *{"VTS‘DLL%/B\ = a“(,lrch“t}h
4 AOven —the appliead Voltage 4 glowtso;'f’ng@@negt “the.

M‘(’V\mn‘lg Carrfers £n P p—fUEcp’bn"@nd “‘Hhe /m‘mo'n't?'
cavwas (b MTRgion mate o Sign  Srmall armount oF Curent
q&toc,o ~Hr0gh “the- "(‘JtuneHon- The Qufr}em 0 CQJ(&J

W Retrerse  Soctemarton- twerrent? ‘ |

vy Ql,\o«”QQEﬁSh‘Qg (Rg)

¥ (Ohen the apphed fevexe VR
Volkoge & further fnoreosed),
brearcdowon  Bcours —the Frnetion.
New lowge vyelerse Cuvest—

%Mﬁmou%% '“m—; aLlrQ:H‘en Bm.m ceenrs

= MA w\’f\'r\imum Vvoltege - - VD[“:O‘% 2R
ot Meade = bmmodown et V2 Charactesic bt G R
| P 3

th the FunaHon O Call e |

preat clown Alottage. |

U chorootesetice of PN (Hhetion dlisce (tompletz)

C}Zﬂ’ifé\‘ (\E. St ' E Tae
j po*a'ﬁfgc! 195 WL Crovactedsty
N\sreal. Q* B arol RR
Vet [ | o8 e Ve |
Revers
Blomiov g (mp)

G Scanned with OKEN Scanner



\ Aobaﬂracac;x Dt ad\/a{ﬂ@%ﬁﬂx

lo (pw cost le Reverse Volbaﬂe, 3

po R ":‘hcah ﬁ-{ﬁ%ﬁc—:nm.d (Em(" e

3. Tast Sw?khlmg Spccc‘ 3. Non- Phear Chovactenstic

A Wide Opeacx-ana {mPem«!uf@ mﬂaQ. 7 current — Vot&oqc,

S \-\1\1"\ Re\tab‘?l&d- 3. High Reverse leatage
curvent

) P_Q‘_,“Siﬂigxx

o Rectiframtion o Reput /and Output Sepols

™A

D CUPP(’hq onal Qﬁqm’zﬁﬂ%/ 2. Uét&qa ‘rojuLa.Hm:
4. Wed for Len lghitng & Solar cell opplications:

[
\

- ’
44 \."..,3’ QCCetd Lo
(N -

il \ .
v " L - T ] {q}, ’\’ ) LA

= : A Elace = ca) pemte

@’\d é g On At Kl a {4\ LA > : & o

kot o b ! @@cﬁ‘; (" | oers hia PN Jh )

— 2n ciene&o.! purpose & PN j(”uncﬁmﬂ Aecle, "\’hc—::\opinca,
IS U‘:j%*‘} cb aresult a{-—i—an -the bratdown Voltlage h\zafo-
o o pond N Yegion are heaw‘hj doped —Hhan the breardouwn

\}olbaqe/ Can be Seduced| «
¥ WWhen <the o\gpl'n% A high bR heg\u‘) even the. Yeverse

brear deeon \/ot-l-c\qe, i low , the electvic &‘dd o lkavrier wn il
be So Skong —thue -the eleshyont t» the Covalent bonds Can

breac. 0wy rfrom He bonde: Thie ettect s Enewn oA %,ﬁcn
eAtest: | |
Lot disles
A diede which erhibitt the Zenes eptect b ealled
o W orede (08) \lbitoqe Tejerence  (of) Voltage m;aalah?t
(o) brear down diede. o -
Hence B B delined ad a veveme biloged
1&@&»}3(3 ‘."OF@I"‘ pN Junchon  cliscde whieh pperals 5

(} Scanned with OKEN Scanner



(ﬁ) breatt clewosn YQCJ/,‘on. f‘

A 1 I 5 &
N\ s ~
x)\ }/ OH— l’\\L-—O
l K “Miecls . 6o

, C
P | {‘/‘-f\ 1’,‘- (&) ’

——
) e ' ¥ i
Crveenr S (Yt aoyam ~I‘(\~.

X )
eVerxe Ltae

The Zener dAfodes have been desdgned o opealy,
ot \oltaqe Yanqms -—{mm o -ch Wty o Severa|
Purdred Votds -

¥ The opetation of Zenen diede (i Same oa ~that of
on O)\d‘tha‘f_\j P qunetion diede (pforusasd Lias Cord™Hon -
Bt in  Reverce bilaced Condishon, breardowsn may  becur
B the JuncHon ©f —the diede The brear dewn Voltage
dependis upon the amount Of dop‘mq-

¥ -Hemr}‘vj Cloped Olledes braat dewn at lewo Voltage
Levels, Stmilory ucdrt.,+1ﬂ doped dicdes break dewon ' at
g Vottage.

V=1 damcterichicse
Forwasd bias

*  Under Teverse blos ébnch‘hm Telma) (feme oa
. y PN 0 Averdef
€ Yeverce VoHocac (Vg) a chG‘aAéd; (%rawdmon
“the Te\/emc cmm# Yermang Emal) em
&+ .

W
b\r:\o “he "bnee' Tegen By turve Vty\ean | :
pont P ‘ Vet T T
. o ' <J ; \'bq“‘\C{ VF(V)
X M thie Poml- “he GMect' 1p
q breapdown  process foccffm.
n

lPé(inﬂ)

%‘Bﬂ') Yhe ‘obt—bom % the hnee) @
everse. Blan choyacterahu.

1
(¥ Scanned with OKEN Scanner



B

Tthe lreabdewon \lo ltaqe (V,’) Yemaina EMC’JH-?&HH Constant.
N Tha oty of ollede !:9 Colled rccoula-l-c‘ma Otb(\bll-h’.

@\) There u A NN Umunn Value ©Of =encr called breattdown
Curreot; tobieh Must ke mainteined frorder o Kecp the
Atede  tn breakr dowen Yegion:  When e Cuvrent b yedueed
be Lo Bree cunke —the Voltaqe Chqrtae,s dm,s%—.‘c:z"j and
Haa Y‘Gcaulorh‘ch a Lost: | .

B There G a matrum Value ©f  Current ole,ﬁjnczk’d as
"_T;Cmai) above. tohith the disde mcmd be damo?ed~

'A u slitc adhon 4 2
* & ?"LEO\ T@-Beiémﬁ \Ivlfcmc(c‘ n potoer Supplres ond
'\-D“STS"'OT la\qg‘h%_, ' s , _ . Q‘S
* As Clippers o WOave. - Shap'm? OFreuis

(Dﬁﬂd@ﬁca‘ betcoeen PMjunchq Or\c‘ Zenel Di’c&e%——
?N :]'UﬂCHOU D/Tode , Zeﬂ@r | ocle

P % a Semi- Conductoy e b alee a SKlicen Spexial N
- = heh O "k’""’“’\ when Juncb‘on Aiesde tohieh dn‘-ftds
oliede toh

yectfer diede th the
n-tgee ond P-type Sernt-Corduckey  rom yeetifier o i
~ m oFefO'(Co‘ n (=
OTL‘.S'\'O.‘S o W’fﬂ?&w breae aoeon.,

o'l'o—f———[}__l_(——o v—"\——g(—b/"

3 The e<lechsicily v]—tows T o 2t Jloes T both the
Afrection: Aire=biens -

A The veverse bfas permanently The Yeverse bias mares +he

dmnmaaé the  dagletion Repion lectsaity rtacth boththe.

APrection

(} Scanned with OKEN Scanner



B B B lightty deped, benee 2k 8 heavily deped j-hence

the depletion Yegion © the depletion Te?‘fpﬂ i
Large - Narrow: /\
& Tt o used Jor rectificaton P+ & used dor v@w
rC%‘u[a'h‘on

EiPOLQR j&{}\’cs\"\'or\t TQ_—Q%TDQ P

T Trondetor & o “three derminal devicet Rose, Emiter
Ond Cdalectow

* The omPIMFn‘thoﬁ in —the <ornsistor 15 achieved lgg Fa&nﬁ
Input- Curvert SHnal fom o yegion G o resistance oo
Yegion G high resisiance: Thy Cencept 6} transger g TES!‘&‘GnQQ
has (%\ven Y noree: - Tmmjgc_er esiSinr C'Tra\.g_w:l :

¥ The Cumert Corductof th kfpdar —rardstor G becatise.
&y beth <the typre Q chages Cayners, kele_cl and  elechom:

ternce -t Colled gfbotar ~Juretion Trarsietod (BTT.

-
= o RIT Output  Canvent @ Contolled ba 2_,~,Fuﬁ- cuvent-
oarnd  hence & 6 a Current Conholled Adevtee .
’r\u,pcs o} BITe

(e N-P-N Type . P"N"P?‘jf’e‘

Aduartc e ©f ITe

Low Dpefbfh‘ﬁ% \Io(x’:ac]fa
J - .H‘\q her ‘%F{-TCF@‘»(‘J_‘»
3 &mall &2¢ and mqﬁedne.&s
4 Does mot ’T@U\‘YQ Qned -P.\qmc_h”‘ Pw. il

0 51 N B

G Scanned with OKEN Scanner



. e . o TR W S
g&f{‘(UC_\TLH'C‘, (f),b 'i?)f)\—)(')\(_‘]\’ \jUncboﬁ T{Qr\g\g A 0
Y A Sanrd wichin o
o o il e st
Srqle  p-vegion ke troeen o N-g2qpond 0 Ca\Ne_Y e
W:' s SHOY o a Qt’ncqb- - Yegy o
Mooy, The P-N-P

4uwo P .:reop‘ohi-

|lecE0R,
Eotry  Bace Cellecton Emilles Base Co

<t e i
° Gy P-N-F

l {' chor (b’51 ef - H@'el
C\) MC} o5t )
o P ayners - cch‘Dl_(.\ d |
N\L){ 29 (\-1 Lm\’rlv C\ \C E( ‘ .

Moty charge Carderc — Holes Mtnom{tj Cifclr(aﬁ

led Th&
¥ The ofddle Terﬂver\ o4 eqch tranésstoy —h_‘pe. h & i
bose g the trankistos Tha Eszcﬁ & \Icﬁd divin (s mMiero
ond b% ;ﬁ__g‘
| Wer are odded dor pur<
¥ Trhe= pcoc«:/«s Lohiteh @m‘PU'f‘
Cert conductor B Called og\g’

e

¥ The Croftker f:fqaon s \-sea\hlq c:_l_p@' and —he Collector
Yegion ts &/,chzj deped, but tre olop\nci Le\le.\. tn enftteC

& Sigrity qremiérhan ot OF inlcctM
S robe | "”' '—Fromr'os{-o‘rﬂv 3
' 0
B
R RS (by P-N—P

(¥ Scanned with OKEN Scanner



Eriter: 2t B o veqion Stuoted i one Shcle
’h’Ohm\s'!of, tohteh Suppliet a chorge Copners Qel -
o> holes) 40 the ©Other oo ’Tecron&- 0 a ,"&a\hl’*
cloped 1eglon: '

Base ¢ 2t D a MPAAd e Yv?_q,‘on —fhat "‘)lormz.s +eo PN
Jcmct?oncs fn‘"th:i *fmn(@smv’ The base of bansstor kit
B as Compared 4o’ the emtiter and & & lé%ﬂw oloped .

Collectors 2+ & a reqion Fhuated b the other Sfde of

Aroneestor  Lohich Collects the Chorqe Carriers: The Collectoy
O Avanglytor 73 alusoup larger <than the erditc and baute.
The doping tevel & frtermediats betroeen @mfter arnd base

Tranaictes ‘Bna;\?\c%%
& A  sufteble Dc \loltagqe @ applied ocvose —the
donsistor demdinale B Called B&o;al'rvca? Ench ‘J_unct-?or) of o

anstutof Prouy be —Jorward baced @v Reverce bfared

‘?ndependem—l{.q-
e Fovuard —  Actve EQCﬂf&)Y)%- }
E c

i l N \

: = gpe— - ‘ & S +
] . f— J_ —
¥ \ y T._

4n  aetive m'c(;m{ , erfther +o+h§ lécxée '&‘ur\ats‘m & Feveoned

Kased and +he base 8 Collectoy 'a'uno:h‘on &-fg?:\égg&% blased,

The Arontistox actk a8 an  AmplEn, Jhe bare & Alreatly

-

4

o

S

Proportoral 4o-the  Emfor avd Collecton. -
Forwosd - (-ve) to N-Sfde

G Scanned with OKEN Scanner



T R

: N
N @ >Sotyaecbown s J

S, T -thd mode, looth e =

ErrfiHer —bohe '&L\ﬁcﬁoﬁ ond y f—j\_ﬂ
Cellecto) — bage  guncHon o VEB =
A “roarmstol are -{\arwoszcl

brased - D0 Hhis meode, the

4 ’

dransistor  has a ygm_,~,L9,,, e Value @ﬁm '

o~ \ oel U opexcied
A0 "“\‘\:S Mmede | —the -—\T'O\Whg'bf

!

ot Closed Sufieh o (Re=2e)- o

~

o CU‘{;"*OFF O

T e mode, both <the

N P N ,
- E e -
1 .
CmiHer- RBose and CQ(@CA*M" . L _____-li il
Base 'a:unc&—?on Sf O v\—tun_rk%s-b;\. Nes— i )

| ore veverse ifoged . Znrin
meode; ~the hardsstos has Pmc‘“\@i‘:{ Zero quen-k |
Tn s mede, —he tondstos ocls as Oped Susiteh

= . |
‘4256?0"‘ Envittier- bnse Junction, Collector - bocc
gunchon.
Acrive —  Tomword bfased — Reversed Eored

CrtoF b Peverse Ltased - Revarsed bitaaed
Sotusetion - Totwoord bfased — Fonword blaked .

G Scanned with OKEN Scanner



\&‘Dm(m] Py.‘ov\m‘)u O opeﬁcﬁ‘u@n o4 Transfelor: z

U N-p-N Trarsigtor v P-NP Transistor.

L N-P-N Tranefeton [n peso Hon).
o — El-clrong

N P N
%) R Ll IO > 0 —> Holes
€ P L B o
iy MK

MAp— " *—Pooy
-\ C

o ool
€ e300 O ¢

— The emfer— Base —Tunchom & forwsord  bfased and
cequncton B reverse liosed. Due o €'B Junction oforsord
bioeed (68 o4 clatona fsormn erdther enriering e ke Yegion

— TThe  base regfon © ’l(atﬁh‘l-lvj dopad totth P-t;wpe 7mp.rm'§1-
So e Number o holex B —tine. base Yegion O Vﬁﬂjsm"‘“‘

Duf 4t 4l clechon— hole. yfeeombinaton & LleAs @-e)-fe»)
Eleckmrs (2 £°L) Combine Lstth holes to  tonchtuts oale

Cuyyesrr CZB) .
— The ‘re_mainfncj <lec hdNh <>q k) lros over o

Co\lectoy Yeqion, <o L orvshitute  Collector  Cuvrent (2)
Thus, Collector  (Currendt U lamc?ex Hean  base
Crscent -

(

Te = Tp+Pc )

G Scanned with OKEN Scanner



P. N-P Ty ;\A?&{‘O("lg

N P
e e D 6o © »_% ZC_
I o w» 0'6\ O 0 o C P\C_
Te e o |0-~ ) _,_-M"‘ MA

\Q-’DOOO

Y
qe= 1l 0o o o o

% 8'e o— —

- . | [+
ot \j/'.[.
\k,q L ,f—B

‘B N

D

o~ The €B z"unc’h‘on X Forwasd blased

8 53
ond C B qunction s yeverce bfased. Pue to

E-B8 —:Tuﬂchon 8 -ﬁofu.')d’fol bfated lot 01 hole,b €
Femw ember en%rmc? the boéc Yecdton avd @lccm \a"mm

base o cmiter fegion: Thid  (onstifdtes enitrer Cuvrent (£
% TPee e

* TBase s héa'-H—H dopcd rofth N“b'jPC- m;?u'ﬂ-l-‘d ie ~f-1r;‘¢e,Due
number ©f elechons tn —the. bose fegqion UL Very Sma
to 4tha  eleckon=hole fecom Bnation Lc)é \er) e ho\c«s (<§ [)

28),
Lombine 'u:rfh e,lec.{'mné “o Contbitute bese Cuwen+(

The rcmounmﬂ [arc'e, Nnumber 01— hole$(>q51)chL -
«yhm%h —the Collectoy regpon o the mMegative +crmmal O
P Sourtc e Conshties (ColectoR Cuvrrent . Thus "W""—
bole ~PLouo Cornsttutes the dowitnant  (urent n a PNP

Transstos

n
G Scanned with OKEN Scanner




] EANQcTOR G

Fa)

( O PEwRAnon Qe !

E.(_\w{‘{(}[nn~l2r~r\, Of BTV e :
BIT opetats in Various CD”f'\?wQHmb sepr

ON —the

aq-
lYypese

= Commonp - Race Conf.\qumh‘or)
Comman- Emnitter  Lonfiquiaton

o .

> ¢ Orvon -

—omMMon —RBade

73 (ormmon o both (?rwpu*- and Output —termminale - The boue o i

ot Ca-rcur\d Po-’rcn—h‘od.

WOhefs —ine ou1>u+ re.scl’s'cancc & h?o‘(m at+ otHark the \Io\-\-aq{_'

A

Common ‘*k‘rm’\ann] (71 aur\ch'n(‘]-

Je

%a(n upto too.

The Cnpu%- reaistance G lows I ~Hha Con-fguration

Collecto® Con fl‘qu e Hon:

Corvfoc;ﬁ~& urxtion e

Commen - baise Qon«{,fqura-h‘on, the baae -l-ern§?r~.g1 5

e ——————

¢

T

5y
= + Neb \‘CE
—TY ™ 2
e -
13%1 Cfecut mf&q\@m «—fﬂr al:) CDD‘iI\qL(mHoV\,.
2%’—— ' [ —7 20 £ (—'(-EE &5 ¢
N P} N
|
4\28
|l 1 € B
v , = IVcc_ . "
ee - C orpmon  Box C@n-[mqtmatm

(¥ Scanned with OKEN Scanner



\ @*‘ Characterfaties b -
ot The "ﬁnPu\— Chovoetenstce ©f NPN +Homfetor @ dawn
betocen base emrter Vorage (Veg) and embter Curent (Pe).
O “the owlput ©Bf Constant Cellectoy—lecue \ok-age Cves).

T When \ep:=0, dhe emiter. base Juwneton & forusard
Efased, So-nat embiter Current Te FProreancs mPfdiﬁ W Srnadl
frerecse & ertier base VoHage (ves):

¥ When Vep & Tnoreoced, dhe Je(m?)

dcp\ﬂ—h‘m Yegion between bose ard
Ce llector c‘@tr Tnerecsed tohfeh

\/CB =pV

Vedueesr —the Lodth of the boa e
rb:‘f;‘orw'
% “Thie edject resurté In an

(nerense o cmiiter curvent (Le)-

| Em?-H-‘er C!.:lmrﬁ

L og  ONEBL)
Theredore , —he Curve ShijH toueoRa S, ErfiHer ba\.(&:t—
e lejt on Ves & increseed: Fa sz Ve charockriehcis
A .
ractenskcl ¢ ' kY Do VO —>= 9
Output Cha é_ Achve Teq E= Tmq
% The oOutput Ommcmu;\\ 2= amp
Arausn between —the output g $ . Pe:3ma
\}ol-toc:‘e_, CVCBD ard eu-}pu-t &- A
YoHoge Cuyrend A2c) % 7 ’
for Ye=1dmA

Vordous  tevetls ©f tnpuct 1 -

wrrmcze). ;L]l//.//l//////f/[/]v D

X% P+ hastHrvec ’YQL%?DM! &( VC&CV)
. o Collectok lease
Active , Cut-off and Sabuwation \Joltq%

Regen:
Actve 'Qecﬂ, one.

@) N ccive 3o ~the. Erfiter bowe.
biaed ornd cotlector base arunch\on

Fas- O’p‘ VP eharaeterute o

—Junchon (e vfmwaq
8 reversed bioase .

G Scanned with OKEN Scanner



o " 1
& Doy 40 Yegien, Collectow Current > appyods mastelys

ual
e:;l O emf-Her Cuyrerst C,'P_e N Te) and ~Hoanssstor “
OKs a« an arnplis{icsr.

© The
Collectnr  curvremy (2 B almoat Tndepcndarﬁ— on

COHthD& - baa Cr be
L \(bltCLqe (VCQ>) and Hae "HDM)'&"'O’Y n
f=| NOr -—
.SOJ -t LOoork an ConrsHary Cuvyeryt &Urte—

R Sevder oty 2eas i
o rnonN ( 0N © ~
' 1 o dN <G

‘ base JUnch
'(‘e%r,oﬁ 0 HFhe eyt
¥y

Qnd ¢ollcctoy ecpon both emfier  baae. Jrinchon

°N are  doruward Hosed: H+ & +ne
S Ver =0o-

Pc. fhereasens exponert

ally ae vy
5 versc et Y ce Prcreases o usonda

X Here, —+he  Collector
EmPHer Cuvremt (2e).
Cus--

Cuyvert (2N @) fndependerﬁ' &f

S St e v

OH  fegient # “The reqpen  below the Curve fe=o0
Entwon s Cut o4t reg~'on.

- :f_l‘ ‘14;_:0, “the C.oi\ec!-o'r Cuvrerst: ¢ i onlty o ‘o
¢ clue

“the
eqligibly Smaou

£ Dn an; - ’
N L Yegsen, bothy the Eemiter— base Junclon and

collector — ase fpncHon & o tromistor  are teverse blascd

(¥ Scanned with OKEN Scanner



J Comwnon — Emiter Cén{fc\juro%‘ohf--

o)

g
T mn)

S

Ta -l Condiquaation, the emitrey €_<_ ‘k—?\
decrmnal & Commoen 4o thput and 2, [
i ~ N el
* “The QLDP(_H- Sf’ornod & applied T N Vee
betrceen the base —erminal and Vee \LVIC«
é’mf—Hé( “4ceminal and 'rhe “OU'*PU‘*‘ }L_ I D4
Sfcrmd . darcen Ou-i- «Prpm —the. Collecto¥ -
E oard g mHter —Jerminaly ' |
% “The \alue ©f bere Covrent 8 oluxys less "‘f:O:
- @

Y&
4z Collect™t cusyent Cfc_) So Hez \/qluc o4 P Cuy

ﬂr(@O"\'Cf —haon Uh‘?“"—d .
ifn Fu+ Characte e e |
¥ <the %raph L draun betuseen

rent

~+he Toput Woltage Vpe and e Lo Al
fﬂ?u'\' Cuvwent Zg by ka:pl}wa ~Hhe J Avp

Y307 s S
output Volaqe Vee o Constant S .
and faPeo—}Co\ -—ﬁyf O(uf-(-eren _‘ ‘ _>|L ]K—
° by 10 oy

Values:
¥ The puefBll ghape Tesembles
%ﬂx-«f-\ofward Chavooteristics &4 N dbcﬂe.

Raie —brither ~ TBED
’\/thac}e

G Scanned with OKEN Scanner



*— '

Base Current (Ta) tncreaser rapidly odter the Cui-LA- >
\10\415\%6 . with fggmr\a«ll ne rement [n \UBE-

. ‘\

* TﬂPW’r YCA:S***aﬂCe ti \Igrg Sma“t

- reous
¥ When Ve hcreaned | the base Curvent (23) dec ==
"Q’T +he Same .VBG;"

o b s Mdl
+ The fnput curve ahift o afght as Nee T’rzcirea .

coxoh .
O Lﬁpu“t’ Chovpeteriatc e A U«\Fﬂ &4 e
(o ;
A /7 y Achve
X The . chamcterfshcs fhows o N AJ

the relation between Collectoy
Cuvrent (2e) and Collectoy—

28 =6044

28:4,0_”&
Qy CVee) ol :
Emite Y VOHCL?'% .C\/ae) 'FC’"' Na Pa=o0ms
@‘\-Leo\ Values ©f ZB{"
| : ' Fz=0ma
- The &miter bodc juncHon Cut—of-f Vee

CJE) Ca —r-ofward bfased and cDHCt:‘i'OY.-‘ Re"ﬁov\»
emties Juncﬁon fs ~velVersce biased.

¥ The Collector Cuyrent (Ted YiSe more SHO-TP‘S L
?ncreaé?n% Vee 0 fmwear 'fetfp‘on-
Caturaton EEca-ion‘ér ‘

¥ dn this Feqren beth JJunetons are forwourd bfased .

The ¢ollector eatle Current 3¢ does not cepend  LpOT The
fhput CQuyvent ap- The Satuvaton Value g Vee (VC.GCSCd“)')

i Usually O o o3V

| CUt‘OH Rﬁzda‘or\%f ‘

f The T&F\’Ov\ below dp=o B the ¢ut- ot VECT}On ‘?.
afc;rn%'on -f—or —he. hanafstoy. Jdo Lol —;Dlow due -to ano’h“g
sonriere Qalled feverse Satur=vhion current (Bceo): - -
¥ -t vegion) bof, <the Tunetions dre Teverse blaxed,

(} Scanned with OKEN Scanner



‘ CDV\/\VV\DY\ —Collector  (Con ‘6 .\%umﬂong,
—>de

Xn ﬂ.h‘\’s .Con.—{»t\caumﬁon, P”Pt_f" BN OPP"\‘-’"—"‘ betureen base
onedl Collectoy ana output B -taken dhom emiter and

colector. _
Here, Collectos ©f the Trarkistor & Common o both

Qn?u—% and . sutput CPreut+s and  heree the Name C(ommon

Collector  Condiguration. 3+ & oleo Prown al emfer Jollower

C/Oﬁ%\‘cﬁuva-\-“on- |
E«\Npuﬁ’ CharacterisHes 35 5)
The ?hPu’t— characteri’cs N

 a Fof S Toput eurvent PECY ’z;
\ls Znpur Vohage Vel ( collectoy ol
bruse \loleoge) ok cDer?m Vee. fj)

¥ The loee ouvent 6 tacen e
olong Y—axk and Collector —
leue  Volkoge & 4aten along-
X—axt-

#  TThe fnput Characterster ave qutte, afferent dvom
Crher Common base (ov) Common @mifter lnput Charaeteriatl,
T adteent D duc 1o ~the wféfsl" thet —He fn};u-)- voltage,
Vep & lagely Aetrmined by <the level g Collector <o
Crifitrer  Vottage Vee-

Lt

G Scanned with OKEN Scanner



@X‘Pu‘*" Cho racﬁcr?&*ht_gi -

¥ B U the ~Cuwe  betoeen
Cmiter  cuvrerd 2e and
Collector to ey Vol‘lﬂc,)e

Vee: ot ..- ton&tant  baasc &
tuwyent Rq - Eof
Qo,

¥ The em®er Cuvvyernt—
2e & 4aren alon ca/ teonis AL*
Ord  Collectory <D cmfer

\!cl&f:u%e LVcc—)‘a(oma WO, o
$ Cfnce, P & appma.fmtd:#

e‘C e)
: f,\/_# Ac-Hv. ¥
! p@cﬁo N
gotureio” 1p =80wip.
P‘%ioﬂ/ ' dg= bOl‘J‘Q
r 2= dounp

~oLuA
@-S_' t‘ol[.y Q
s Ve
ual Cut off-
Ee%q*o N

0 Ze, cc chavacterdstes aee
practcaty  <Qfmifas 4o Those ©f the Common Emftier Cutpu-

Charactrsebes-

¥ The output YeSisdance 6§ Cc CDn«HcyuraHﬂn {0

teeo( o) .

N

(¥ Scanned with OKEN Scanner



E‘Cmamdfﬂ Trectment 6 Small Signal Armpl e

‘ | An QMP\;+~6, %% on c\gc\wm‘c; device. ©8 Chrcudt 1
wWhiveh Uged —o \ncrease *ihe,,‘ mann'?-}udc. G the S?ﬁ““’ |
oppited o4 {npu-\-.

e Pout ‘/\LN‘P braiioc i
e = .
~ Vi " _ Outpent Uk .

PU e | Cebte- 21 ’L G v

—p«vp\;-{icr‘a Can be Sub- divided Into,
(> &mayp S\%m\ omp‘\\’ﬁﬁf () lawcdc, S?ornaﬂ %F‘Tﬁd'
Common  Emi-Her .A-mP\‘r-G?cr Clredt 2

' ' 2R
| HO Tl
1N Rs PR g

b =t e T ' _ b

—

- - ' e o)
The “otk ©f Srall 5?;,—7,04 am’Pln-{-nzr & —to omPH":j
o wanr Sectriead Stqnol (Voltage @V cuvyent) o & lamae.
Naolue o V(02 2.

2 ‘ o/ ‘,_ CXQOHO
,Am‘;\\‘«[%ar TL‘PC,'—— Popurt ‘£|CJT\0J r—-.@urtptﬁ Lignal \——Frfzg;f lgl’o)
| | « — Voltaqe — ‘\Io\l:a.%@( !;{0 ~
\ oltoge : mentivy)

curremt —  Cwrvent —  Curent(No .
d\ﬂ\erxgto@

b \| .o\*:aq"v ==

curyery  —

G Scanned with OKEN Scanner



%ea(s?ﬁ% C¥rcuf+ 2 The Jestatances R, Ry and e z-fa'rn’ls
the Volkoqe dlivider bfaSing ofrcett oy e, e amphites F

&~ &etrsS e PYOopey DPera-Hﬂ(a_ PD?M ‘—J\‘DU‘ “+the ce amP];}{e,r

-__\nf-\ﬂ C(\‘\’.\C?“T)‘J’ (‘C ﬂ ¢ Thiy QQ_PO,Q'\"\’DA— C,E)LLP\CA the ’?"‘%P"""
4o the bade ©f the “Aromfator. %t Ilocts any pc. Compones o
Ptﬁ‘?em- N The Signel  and patses only oc SErad for
Clth—GQa-\m- | ' |
CPHer R X '
P e ijpars& C(,\Pau—lt)"lfc CENE An emPher bvpa(ys CaPaL?hY
]

CE & Connecteal T Porallel ustth emter Té.sfswﬁce., Q & |
‘pmu{’o\c o Lbow  Seactance Potb O e&he o.mp(\‘?f’scd ot_eg&p‘o.l
passing thvough Re cofit Conae a\totbaqc dwp  acrogs 9L
bl tfU Aeduce the output VOL&QC?GI reAucing e C}c‘“o)
Clrop Iffrer ' E v
Outpert C,ouf:'\fncl Capaoctor

G 5 The Couply 2

: : = Coupling Capactor ¢, Coupley
‘e Cutput S} -the O_r!)lj‘\\"Fl\C! 1o (ed . 3 ~
ooly ae port o the oarmplified .é?qmoj.

f’e HDC_IQAdC_Gnd PQ&SE.&

TZC.= 8- 2p N ‘ .
/[\' ' V\cl/e = Vcc'_“ %’;c U?C-Q-Qe )

— _‘m'ﬂ'rq Ve haty Cyele:,  Pe 1§ ?hcr@qac',s ox Zc. also Increadey.
AS Tc decreaues Nce Oecreages at Constant Value OF Vee.
= ‘Duﬁr\a —e o Gycle, gq decreose an 2 alte decreases
AS 2C Jecreoses \pee frorm s at QDM'\‘QM Value %- Vec_\L
2e =B.2g |,

Nee =vpe =% (ot be ) \Jik Ny
0 Y
(2 P > =
Pl P@duc@ OUCKT = | \/ L
Phose  Shigt) -

G Scanned with OKEN Scanner



D — e

ONIT- 1

l“

A
%

‘ TNGT NTATION'
(BAS\Q ELEQTQQMQ Cireon TS Aﬁ JNS:QUME [ o

e

Realk:frovs ond Pocser Supplier BlocK d;egyam
ngCV‘P&’\or\ of 0 DC  Pol SUPPOj, o ke rg of o

Full Wove 8*3490 Reals Pier, QOWC;QM ﬂ'Qﬁter [Noﬁ-
02 g"mrpﬂa Zoney '\/oQQgﬂ @gyula 0,

Am?DA‘Eien%i BQOQK d;ﬁ.fam of %M;a ,i\o{o[r%

¥ (o} Cbmmor\
Sjgﬂsem, CixCeuif d&%mm and @O*k‘(ﬂ ‘bﬁ Pe o
Foult er (RC Coupred) ool Proc cibh B Fe7uersy

—~ bafion BloeK
Q*(oﬂ\‘ C inSQYumen
e ponse - {leC ;nﬁéxumm&@$°“ \gyAﬁQm,

d;c:?mm of O oreafvoruC

L\m%&@) o Kiryg

(¥ Scanned with OKEN Scanner



ﬁ;@lOQR (J)i{;,\gwam (D%Qw‘@ﬁ}ior\ of 9@ wef M/’,
Deastion n <omtoted e
(DQQ\V\:Qj\.Oﬁ‘ A '(g?u,a&ed @O@OY Sufl')g)\gj Conve

. . ) go G &DA&G@&
Ume@ulo-.e??o\ AC C&lﬁ‘oma@g] U7

D C(DHQOQ C',Uweﬁﬂ:). TF  ensux "
Nemoun Cam)&@m@ @even i? Hre \ﬁqu o.rcj@,.

QQAO Knocrn O 'nepyx  Po eRex &JW?Y‘

The y ConlLasr: fhe C/YCI&U,&
Py J gjuﬁo@}d VoQﬁgﬁe of

' 2nlo d(l Al
Ghe @C Swp@ 'VO%({?Q Y
vegeed Jlowéy i Boaed 0 OC wyuﬁloﬁad Pocoe

2

-f'fenll'

o Mol Ghe oubpul

74

OO‘W QI‘\ ConV ?r@

Srrly. | D 3

(P |¢H’vj YDe
ulsed
Type. DC-
o QK Diogran, -
Blogk . THL="",
—> ¢
p/@:‘fPC‘\ﬁA’ c

CQQCHQIGCJ 0{’P>

_ b
’ ¢ AL point E
l A,@ f))c‘.oft D Cp?yu’&ﬁbd @C)

(Filke @uQPuQ’>

(¥ Scanned with OKEN Scanner



\- Shep doasn Trangformer - .
n o Slep-docen Bampormer coin 8hep docon@mat
Bhe VoQEcya f*om he 0oL weuns fo Bre ~(0.9w«eo/

o} 02 Q%Q J:Yan/sém(mer

oQQj??Q leVQﬂ . ”\Q (lqé; ‘
tl 8 OJLMbCl 8 Q))D aan QSY"Q @C,L«%Qc/ VOQ.&%),
9, o J o OA fo s \

OQLLO, The buﬁ'{)ui bQ Fhe Q"YaﬂbemeY 24 3}ven GA
\V - |

N \n/j)u& o e N(_QCE‘ Fiex Ui etk - ’ H
Reolks P colbion™- |

20 B Bhe Mo of Gonwmlbj on 3

. o« OQux~xend inko  CorxesoNOENg | |
O.Qb\n@u%i\j '\IDQ«QO\?Q N ' Lescas \’b DLL&M . g

e guon o —Q:j :

?_O

The. ’mq’)uﬁ: 5

Q(\Lc{;wc,%\‘onc& PUQAOQ»\? De.
M

€ Foil - kleve
D, @eoﬁﬂi@‘ev
@T'dﬂ,@'

¥ Ja) bﬁdje VQQb‘-P«‘ev GDWU\& DE L PN CL'MZZ\.
Tn 'POQ;Q;*VQ LOQ@ %Qﬂg oh (e Suppﬁy, fhe Votboge

3 Leco AO( of e Q/ORC,@T\'QQQ
m&ucacJ acvom  Hhe SecondOvy e hoce, pork £

0. YVMN ® ’POQ!‘EVG- ‘
QYGﬂQPO*(mm |Q\Q$k\[”(%?ed L o CL.OCIQS >, o

7)) 508‘;0)‘\19/ (UL
| J D Qv
M, 0xe ~NeveySe b»‘&SeA (}r\J d)od@ D, On L

2

Qoxcpomd !3709011. The d;ode D4 Gﬂcl Dy C:Z"‘ Gg%/::/
‘ ooil) aed 0a Clo
open Sosboh 0nd diodes D, ond Dy D B

]
(¥ Scanned with OKEN Scanner



‘ )
QﬂCl Co\W Sfavg Concfuc,bzy, Henco &TQQ{J)‘)@.‘ed coave

me oappeccs ab oubpulb of vettiPrex: When o
VD%C{?Q ‘mciucpnl en SQConAo( j.e. NMN i3 n:oﬁaé:ve
NN Dg ond Dy QLQ'.ﬁofCDOG( biosed 004 D, and Do
oo <evomse biosed ond o porBive volfoge Oppecs
of o sepul of QQ&T

3. Firlvation 1+ Sine Bre sulpul cf‘%Q vefi Prex op

B33,

€N 'Pu\bo-(bg diveal 'VoO,Q(ye Qphc}\ has ey h{?k .
TIPPD.Q Conlenk- Hente e ~ocs wulpul 9 Qho ~vedcdiFrey
; dox.~ob Lo §n§rdxe{ ko 3QQ o puxe "f?'PP,O,Q Pree
oo e EPOVQﬂé

3 i
‘ 5 o Do Plbr wreud O tied.
e d Such as Copacifov Filllo,
Q:j’P?» DQ P?&,ebrb axe (ae w y@ @b 2‘40465{
le QM}H ChoMea vopub v }?;Dﬁbv. Theve FoYe, i
| , anko
Cx gls ‘CD(WQYQ}) Bhe ’Pu_,O/ka_é\fy obfo,cél N’OMfye\ QQ . M
Y&Za Q Ai@(‘,@) VOQ,QL%Q }’\aviy OKQWO/)Q X o0 PP L N )
CGNS nk < A -~ .
2 K)Q wla @o*f - ok onifors anc} Co eq,éz QQ
i ; v iy b buﬂ@uﬁ Vou:ye of Po R0 SUPPQJ'
10 an e © : e
‘Qflud&uaf 2; . EH&E" 5 pecz ¢o Yeﬁuloém Civ et
- bUQ();;u X olo< ol osina the DC VOM%@,
e C:?Q Hae ()u_épu.@ )?:Owﬂ«"ha&&. Nox ous Ejf])% gp

ol
- Qﬁh% Q)YOUJ,& oxe Zenex cdiode Shunt Y@uﬂaﬁon
X o -
/%9&(80'8(1 < glhunt Q%gula Lo, \(Oﬁabﬁ; 20 Yejula&om
(;i:)n éommoﬂgj Wie Zn dv'ppé“f@n@ Yﬁu,OQ,éac/ @OC;Q@T

Rhe \IoQ,Qﬁo Ygﬂu,ooﬂ’ oF .

(¥ Scanned with OKEN Scanner



—~——

ng AoWry of Fun Wave Bidge Reckifier

N % EnSincak

Single %

oRn %
. ;:i qup?) H

/4

< The bﬁcbe vealifex Urveeud O U/Somé%o% o
EU“'OSOVQ <eaki Prex CivCauil, u»y Pou drodes Aﬂmﬁg

the POUN Ovms of awn @QQC/QY)QQQ bﬁc%ye- S
= he main OLC{\/O\OQ:Q(?Q of Bhix QivCeed

2 doer ok vegesive O Cenfve bop on bhe 3QC°”J‘OY&'
C)s‘nnoli:y of fhe Brans hormex.
N . Yor
Opexobon of Bre Girarud!
- "

A

(2

\A\\en on AC Sufpg)% A Soo}éoﬁ\eo( ON, Lhe
Od,e}zmof}‘\(ﬂ "\IO'Q(L‘?Q \Nin OPpeors OLYOM Q@mnoo,\ AR CJJ
0(2 e 8?—C0hCLij CPH’WC{IW 06 QYOMéo-fmov C’/ﬂuoj«\ ngo
<ackifi cobion. Ouioy B pogtive halpy ogele of Mo

(¥ Scanned with OKEN Scanner



{

|

ﬁ

SQCon&oj VOQQ e, encJ A becornes Po & fve and .

Q,ﬂ(_‘l {B bQCOY‘OC% ﬂ@QQ‘VQ ’—Fe d« AQA @ aﬂd @ C,O,”
be EO{Q})ONCJ\ bo)&eol CD»VIQ 93 O\Oo, 'Dq ’(QVC’\’JQ fbfouuch Tho

Ceno bA@s D, oad Do Cmducjé in Sever eoibh lhe Qo acl
ol B Curerord Stosh bo Ploco . (A- DR - ®)

Bl

6 halh yate, \Aken Bhe pollasidy
%) becom@s 'POS Lve @GN

OreeBor b lood

Cu~vend e NGt
7 Same

oh ac

d

Tn e vea
\loM‘tOﬁe covevser hence Poirk y el
A betormes ﬂ@o&wve The QJ@ Dg ond Dy N J}OJ@‘
bo/kecl N‘f\/le D, and D, Yeverie laoumol No Q0

Cl Dy ConJuCQ on Sexvies 0o Bh Bhne Qﬂo«c! OnJ the
an

o ~ Dy~ A,
Dy - R L | Q
QL“(‘(@DQ’ Q/QOOAJS~ Cﬂfo& Bén ho Eh QﬂQ,QM the Cl_‘,{@@/@j:\;é
- B )Qloo,oy on. e Aamer d)'rQ(‘,&\‘oﬂ/ co
Q J(geC:YOQD?UQQ. e N(Q@&jﬁ‘-eo/ ouﬂqm,u?;..
Cre |

T Meen

'AAY@nQﬁ o :\: >

- loge D€ O'Pm G

9. EPRGency 4 j e R (L
3. HJV\ sulpul votbage - wlor e

L. oli bz bolh holver of A CaeNeform. lege o a

© Q- Ad\!m\rctc/@* Nout 1 (\ 3
. 3¢ Uﬂdc’(gb(% ro . Gmounk of -

fPoC)ocn( M -
(¥ Scanned with OKEN Scanner



Chppeior  FiTer (Mo A/\\Auf_\_&)_‘.

—_—

CO’POGQM i l/@o«j— ;

e CdeQm Rech R e -
d@@)\ ol Pexi De o op
Pr\oc/a Q\WDL&L\ o

7RQ - | = \ . ‘yhﬂm—&

2ﬂfc 217 XOXC

¢ QO«GL&"‘QA f CQ?QQQO* )pﬂ}v Qko anp
- Q ) &ze Bc(?eo Cﬁ\m%ﬁmdx@v&

Cogl \ow Cogyghl, Sm
T G}OPIIQQB E‘N

Fun Wave ’R@Q\fu 0,0\@n comc,Qof Prilo

The ™MQn Ebm(\bm
°E YQQhQ ex Oolo Convevd ;.\c H
an Ae inke DeC- b O\lo@«y ?
Cux~ent E\ocp QS\'\‘(O(&L 1y -
AA“&QQQ\N\ Wﬂj
- 26 & oflen (ped en madio, fewevision and.

" ﬁa\né Do ’\th‘%@
QQ e e & SQQOJ Conh
CPFUGOI i 8“”05;:?(’0{ E ODJQIQQ.Q'YDWQ PIQQ{ Suoly
cly olp

G QQDOQ,(,QQ(
\Woxing -

ogvaa Bhe [P AC el (af@ 4 oppiied ékw@k}:g
Bhe fPoS\QiNQ %olp %CE the a) Dy ﬁeﬁ/& g ~ Q06 eéwwd
On@l @erm,b ﬂ?lom f Cuvvenf oshs le @.ode D, 9
eNexre biowd & boocka the Ploas of Cuxvend.

(¥ Scanned with OKEN Scanner



e Diede Dy Jels Lhe Frlbec and enexgrzon
Bre Copacibor Bub, &he Capociber Chagging esil o Ctuv >
SU)sQ'. cdhen Gre \fn[Q;cz?a Cpkcf\ £A Oxpp;;ed 2\ SUPQT;OT
%0 (Bhe CQ?&C)QM Vo!@%?e. So Cahen (he '\fo)@.ge O(ed
8QAIQQMCI on, Bhen e Coj)o(C)Qor e ﬁ@é CACAUG
\'mmeOI?OIQQj.

“The Qc'jxkc;@c« \nQOuJes O }EngA& Qﬂcﬁ@ ab  Che
Suacley  Caavefoxm o Po Siive half Cycle ad Che Q/)o//
Bro  Nolboge  Suppiy 4 eoravalent o B Ve1£09¢ of

K PJQH\D Ac \luQ@(zj@ bejws ?paMCj A
Qafpax&‘.ﬁo«. Bnae . " 0/) QQPQC%M/ 9
Q’D\Y\b o 8% Mhan e e
be girw cls»ohvg?w gvaabal{y. o

Ar fhe Y|P Nollage 3&2 i
ne\j&ﬁw Supf)))\xj, Fhe (D,ﬁc’ﬁ'i ) /\

A foropac AN
YQNexAhe }310/5 ul o ) | / | ,T
\ ) f :
L ,
[

bioa, e flocd of Cuxvent
in Bhe J&QCOr\Cl OLBA@ ﬁ@& : ,
Q\“\ﬁbx Q"* QO\OUQ Ca?acc,ébr

Qm,Cl QLW ‘Pro s QR | ;D‘?— Cz
Conbnuow Do QD"OV&?Qy it

&AOJ\GZ?)&.

(¥ Scanned with OKEN Scanner



F“;L (D\IBAQ D, 3@5) Q;\m E“IQ;@( Ona QI\,Q{?;ZQA I
Bre Copacibor Bub, &he Capociker Chagging eail o cour ¥
rju»@ cdhen Gre \Falﬁzcz?e cohioh £ O:,Pj);;@af I Sugbem‘or

QO Bhe CQ])&UQ“M VOIQ'.(%QQ. So Cahen (he \h?@gﬁe 4
gC-,h'\C:Q)neaf on, Bhen Ghe Coj)cuc)ﬂm Ca 3@@ QAOUQ

\mmeczrcxéelj

The Qo?ac;@o( ‘mQQuC!G& Q }myLea& Q[way@ ol Che
;OUO\;‘?\' C,DGVCP@*(M on /]DoS;Q%V@ )’)oyﬁ Qjeie-
o esavalent o B Vorfoge of
‘\16%%@ /3%9‘,;\/5 rpaﬁﬁy o
Z Q@a&,@or, Y

Ghe \’OLGC\\/DQ J‘Supp\zy
QQP::C«\/EO\’- OhQQ Qﬁ“h AQ

—

LLsns ko
Big‘fm CLI,&Qqu,g;ry g\faaéxali\y).
Ay B VP Vol@% 8Qﬁ
Suppy fhe D, 9Qﬁ4
YeNexAe b,c,/s but Do LA ,Qof@a{
bigs. The E\O@ 52 Cux~ent
o B secend chode gob
I&UFZC’% e QL\OU@ C&?&Cj,@ar
omd  he Proces QAN he ]
Canlnuow Do Qﬁwc«g;.:y an

s o
ﬁ@ oG Ne

1O Fhan Bre ‘\[oﬁ[}ye )

[N

d |

d

ad Phis Qno/

(3: scanned with OKEN Scanner



ReauLo ToR -

¢

'lax% 761\)9}2 @lgm€ ﬁ.,/:\f#,ff &i;mg
) Q|3 Con Semi - &na/ucém cobh o

TQ (’:/5 N g ¢ ~
PN juno&‘\m thal 2 S'PGGPI cally d@éwn::/lo/@@f/ﬁ Z 0
B‘nopgec] CpncL‘Qion. \/\[%on fz/fcoof nOCQ @)L

\ cmol & A diode, bul Cdben ©he
EQLO‘(@S \tKe G MO Q dﬂﬁﬁo ” O \{olQSﬂe O rOOLNA
l) Cu*me,\éi. DHue 40
bt 20 d. o Civewil -

Xe\eyAe

Yevexae \ID\QOC?Q iy applie
Pb‘( o C)&:(JQ YOLTL\?Q— ©

LKAQG’ O \L'D(Qoﬂe Yg?ula
‘ of A diode s Q
“The /Pﬁmafj DJsJQQ&\VQ P Zener Gbode

MG ) ed \l Qe .
\‘:k&\,; ﬁ‘coulo(}“ {A,@o Qb @,Qum Gy CﬁﬁAQ& 4 ol (:LJ@@
’ pd \l A SN Py e \LOI&Oy»Q JDQCOY‘D@A Crna é@m
$9. Y¥F Z ! ,

’\L N Oncl Vi son ol QJLO??@ S 8&”\}30)

These © & Qe er
xe & Slor Conneohd & Bhe

USgVIN ‘\nmd@( o Yoo £

\l\
Bhe Carcsent on Qﬁ(oJ d;(c;cle. /—E \11’ \j

koo = ' C\RCu\T DIAGROM
?OS‘Q\\JQ QQ%WMQ °£ Oc. The Zemer SNEPL T

d: Ja 3N QON,Q(_\/Q;CI. Parollel o bhe \ant and wmake &
. 4 ooce (fhe Zevex dooJc extoods Knee

Or QXD AA Ao 10“! call be tome Corvl ank.
‘mJOuQ; NbQ,Qe?Q'\iA knocan, L&

CN‘?)»Q o &
Dy, A O

seNexhe b?(})&, G

\o\ Lode, Bhe \oilkoge

Ao UNMUM

w

(¥ Scanned with OKEN Scanner



Te N of Sede S Rgs (N -V2) T,
SS - T’Z Y 'TL-

. donD ConSbant’” (T, & Constant)

>, L&
;}t

Yxen OCro
r@)j \[GU\'DJO \n’qu \[O\Q%j@, .@m Cuvxen b CroAA

YQ}MQm \n Oxe O es Oncl Cuxxenf ﬁloc/s ﬂskm%j/\&ﬁﬂzw\(
C{?O&a CT2> 0-.0)@ N0 OACA Q,Q‘\JQI\ n CYeouien

\(o\ﬁctﬁe AP 00 A ~eusbor.

Nowiey Nin 2> TP = LTV
Y S 2 aevors Rerafor).
Ng M C\lole%‘c P

"-\UT !\Io - CﬁﬁgéGﬁQ‘J Y\10: \f‘,h* (,Tg X’Rg)

N N /Locxc/>.
' \l;ﬁ Conelont - (\]Oj s ﬁb
Ax ‘\(Y})UQ: VDQ,&%O_ oA &hAQé;n&ﬁh%(Tf:H&\iw& |

lood  Bhe Cureend O.CR B .

[\ ;O
<On ﬁlo QAT N %‘3‘(’0@
. . ) JQ,«A Oﬂn)chmé )

T, 3 aser, °
N 3y Wl '
) J 14 cmosnbeuns Ia

Tq = for &
T ANy > T2 T g = Cenirken
. Tg /Rg .US 0O\ &o C}\’IAQO«\Q .

- e 0} 13 '\(Q\Q’ e.
T \on COA{) Y%Ulo‘& " O’X} cwn;tf}@hg al 61\0/

Y.
v o Keep (he g
A)QQNQCI Nelue ‘\h&?m)e

olpo  INCYeCes an

De - meRlTE"

//]—FWS:/\‘;:; Peco ang in Ra.

9. loge Ef?:@)@rzcj
2, O/P \lalhje Coonob be V&ﬂ@c[.

e sesnttissan

(¥ Scanned with OKEN Scanner



%M Diogram of Public Addvew Yysbom:-
A ”Pubwic AC{CJY(’M ((})A) S:yx,@"om 4 0on Q,QHG,Q‘YonJC
gound O‘N'PQ;GQQQ‘;OIN Qn(l CL‘A@V‘)I)UQW'M\ &Z(/Aa,em (}3.‘@‘\ Q
WQ\DP\\;{\Q, Qm(PQ«‘p\'Q‘( O((\CJ QOUC, 87)(301’(0*(.
» ¢ O oon QOIQQ\DNCA {SYAGQM o (}3}‘\«0&\ Convmﬁ Q/\ﬁ()
liaod signdl by merophors- |
e eleoboed oLucLo %noﬂ)& ove ampo;ﬂ*ecf and ppc/ indo
Qnolhex Q“Om&ch}ce( ¢he QochA'Peo(Ha« (Lskoﬂ Con\/evﬁs Q%@

Ctuclio ) na.QA info gt SDUHC[ coave .
— |

| \ 1 0 i

”'g’@ée 3 Sboge b

»

Gage SQE?Q 9

J
M C\'C’P‘Zwone C Tf@nsduwﬁ L
It &4 o (ZQQ 'riﬂo.o Q’YQMCIUQ@ fQ' Prer g
Qouocl CoONG OnA Corverli inbo Bhe Q,QQQ,@ﬁ(JaQ varalo ns

cllod owdio Sgrdl.

Pre - /l\m?ggé‘@ h] - Con @l of

o> Midhey b} \100,@'% Ampﬁp«'eﬂ c) Po Wy civeesd.
ko0 e oubput of cniorophons 42 Dod infro uje
o u fo oPPe Q@ivc\!%, Aol

OV e AQ%@, Qﬁio e AQ@@ 7))

&Pfa«w@ Q,O\Onnea) bmm aacl o thov J:opowe p?ea/x\ry
iobo o mou Qm'PQJ/)ieY.

(3: scanned with OKEN Scanner



(3: scanned with OKEN Scanner



I
\)DQQH?Q A\‘QEQJQ(Q(?' .TQ éuf@'}w\( Qmj),o)ﬁ@s ﬁ&o buﬁpuﬁ‘fg

of fhe Ovewd

(P*OQO}NW cccesl) Thew Orv el lmova ma»é&v (?QJA Cnn@on

o) B koo Corbell |
Divev hm?Q‘/P(e«% Tk give v@(l@%a ngvﬂ)ﬂ‘@aé{on o &
@Rgmg o stk an exlent thal c;lﬂan fod to ﬁﬁ‘o‘ noxl}
Qloge of Ghe wobnal ~erAbance o ot Moge o

aduad

Pocsev l\m?_‘Qipu‘Qv% The Poleer: amp,Q:ﬂ‘ev giver (he C[wu*QGQO/
Poceey &mpﬁ)ﬁ:eo@s;m to }ﬁ i‘mfPuQ 8@3%0 ’fﬁ’e g)u,d\ P @]}i
of  Pocsev amq)Q;{Z‘e« 2 gJerex tpod i)ecau/sg Bhis @pe QP
QQi caoles Ghe @ver haemnorics  Prom kaaouﬁ pod of amplifies,
T ‘dy G Ce Mﬁbxgﬂw‘on_é@@\g*muﬁpjﬁ «@YGF\Aécﬁm@(.
OhJ o Q N/ Gonvovﬁ? @Qec@“CaQ 5auo[‘b A&yth info

LOU(J S'Fea Wev - O[
on dsund.

PYomuce vaxobon o uQQZ'}/

Nyplic@ﬁw‘onﬂ N A

¥ S’Po‘ﬁ.@i mook
¥ %})OAC me@,@;-\vﬂ
Au i‘ﬂmimm

’: Conoodd 4 Punofsons |

- (Rou‘lopczj 34a hon

| * A\‘wpuﬁi

’ HDAP)‘QOQA 2 Focbones el

(¥ Scanned with OKEN Scanner



A |

%@LQMJQ A‘“ YO _Q‘Q_J C}O*wgy ’Dé Commory fmﬁﬁor
CRC CN?OQCJ QW?Q)P“QVB colh b p*@?u@fl\\Cj/ cesponis !-

Fivst S&cﬁe j Second 8%9@

.+ VNee

L

. \ / X ‘ \/ ouldpdt i
Qecou{o(

i SF Fad b ’ _
oulpd &8 | J° ~ Shyge

D ko b (oo et ond excdlend audo
QAQ,O;@E, oNex O O»\cin 'Ta{\?e of P*GQo(enQiea, o~ Reo Q‘QJ)\QM(
O\WYPOJE{‘Q‘( b Ge worb ’POpUQm %P@ 0[) &“7)0‘59 LWCJ o
a wulbi- 3boge ampﬂif\‘ev. TR B wua@ the of po.Y

\{o%%e awﬁ)ﬁ?&lﬁihn. :
. T8 Cuplry opaoter (Co) B Gonedt e subpub

of Pl 8%@ b Bhe topul of 8eCmnd 8():(5@ and
tho Corlinues lAl\er\ rhove AQ{@?A Qe @Onecﬁao(. 4

Qa C"“n@@@fbh éo G
ovs Qu  Knocsn QA

|
§

I O\O,P‘\ie\lea’ %j a Ce 60\100»0':! é)‘j
Shunt we&i&é@v,&kevopm@ tuch QGrp P

(¥ Scanned with OKEN Scanner



| |
Cﬂpa&‘();anu (ex) RC Ccugmec/ Clmpa),pfer. %
'}23 Onc’ (}25 éo*cm the Zﬁaﬁy Q A:x

xemal ante -
. The eScbonws R, ) {)/u
ebabinalion of DelesorK- The  emibler |
u?é?(:i QDC}—' <«aos»tanlo 'Pa(Bv to ,bgnc.Q, coilhocd Chis VD%@,
Yown  of each k%e cooudd be forl-
¥ The Cou@)Q;Sy Cajwc(‘éok frans mTﬁ%
Lot blocws deco
Wov Ring -
v’/—\\j\;“ B 00 inpub A‘@T\OQ B appﬁ;ac{ bo lbhe
apeb o B Pob sboge, £ geb amplifed W/ ——
ol b oubpul b o phare difPevents of 180" TThus
ﬁ‘ecl 81;9naQ ) Pecj bo B npué °»£$£I«a, Seond Qﬁzgcs/
Capacibor.  The Second  Aloge

fPam Cay)aoézor

oan C-Q- AZ‘}M\Q

ClmPQ)

Brough  Hre GOU@Q)C? ’
Em%{v &m@QJﬁ‘& He X@mQ @nJ P\ﬂodua@ o P’wm Aﬁu?&

oﬁ 1@ corbh veapect o 37 _?ﬁPu@ik@-naQ- “The 82‘9an 24
medsd  Best o ond le rpub and bubpud o/ Goso

sboe arpls fev Qv nphavie

Feguency Rex pmj\o_j' |

" mid -

R T i
603“\ ek‘l}/{ E\H{d,\ E‘QyUQn\Cj

!

|
{
{
i {

\,
va

‘?—QUehS'y

O Bohr  %KHZ

(¥ Scanned with OKEN Scanner



3@ AQ \ot» (2‘(@,9\1@(\@@)&, Qj‘@ COuPQA\ﬂj Capac;éo{ QQ QBPQ‘()S
‘\’ﬁ\" wedctonte Ne: Heno il O«,QQDCDA bn\% Qa gmo.OQ @;%
be Bhe )a\gnog o Ford E«am one 90:%0_ b fhe nexd yQ.
T gam B lou of hreguentics: |

Iy} ‘r\J}\ erguen&’c%; 13 Cou’PQJCj Cagh(‘j&o*{ Ce. of@gr)s
Qpcp eackonte 00c) ook (A Qeifok.  Hento, f:jgé;
Qpao\;w opPeck of Be neal  Sloge In(0rQ0A 0
SQIn CLQC‘)(GO)&&‘ |

Tn m?J-fwgum&‘@A, the ePfect of Coupay pacilor
A ruak tha & W mosnd Qi ns Ot" Cm&éanQ V@Q@We C?a[,»
When  Ehe Q‘egumgy noeare, e Gpaobve Yeacltan(o
dooxeares, oohich e by n0vean goen- A @}\a Zaymdw‘ve_
\Qa(:():on(p dQ,QTQOA@) Bhe \oaoL& Qﬁfe(\ﬁ bé mmé A %

'(QCIUCQS Lhe JOLE‘ The Vowge (900\/\ YQmQ;M @”A@QY\@
o B fioo FPockso Cancd  @dk obfer.

Ad\mn}(a?@;f-

¥ (D‘\bQo\@;‘on D mun
. b\le%o% 80“" b hﬁk
y Ho 800.:1 éxe}@aiﬂj
Dis- AC)M~

v Loco \o| £ge ond Poerov gaLen

v Post Tmpedance molakrg

s 50 hos M Q"'“C_ie“ey & be came no*.,iy oo Bk @?ma-
x ¢ ho» Mavwoces BO(\A HEJQ"\-

TOA'PunM_ Qr\cj n‘,& Qo)sa lors .

(¥ Scanned with OKEN Scanner



NORRReL: o
Brocx (Di%f_@_,m °£ an Eleghonic ipgémmen&)@v Q‘,‘

Q SQme" | |
—J/% fooQ@A oﬁ ?MQTume.n@GQion CLQO.Qﬁ Oﬁ@x \arows

QJ‘P% °Q \m@;xumenﬁ o “(()_Co\“d, oot ‘lﬂoljco,a? an[ Oéz}
Cenl Q 59 NOR O fpb)ﬁ cc\O "pam«meﬁ:eu Much o /@ﬂﬂyf Yo,
nEo

(P'(WY\U‘(Q) (PH 4@‘\"9‘-0)\]0_0“1 %CA)

MQOQU‘(O(\A | Pxi mar Qa‘?noo y
Cguanh‘% fo Sending Cond:Bone v
}DQ meaguxe(:l> E\lQ:\tha: ‘ 3 J
1 Navable Naviabie
{DOQQ W‘Orﬂpul&kofﬁ—‘- D | Gonvey & on
‘ Q/lemenﬁ E'Qme "‘t , . Clernen -
' 6 e “r

£ o HN o . .
)
Voot v’

E.\emené'

|- Px\moxj QonGing  Flemenk The 9u0n@‘% chz@( oeotuemd
beCores  Ehe opuld o fhe pﬁmo:j Sen&ty elerment
2 T(’OOSAUC‘@‘( . On Cokey Hre ’p-ﬁmo\ry '_Senginj Rlemen b
hor O Don- @leoﬁm\cao *npub, i Conwrﬁac/ Z@o Q,\,é
QleC,Q«SQOQ Qignag %j NeONA mp Q Q‘(Onggucgy. v Ginver
On Qﬂerﬂj on ONe émm bo Lhe sbhex bTm_Q & O'p
3. g;anc\[) Gmdlﬁfowvf' 70 erwoxﬁ fhe oUe ?UQ "
Qvg(ng&ucm wio QvQUOnOA‘Qj ruibobie ém e ZCN‘
6, PoWs \ovolved  on MJMQ &‘n&aﬁ\mﬁ\j ay be
ve 0k P cabion, ndutalion  ebe, ‘
!

(¥ Scanned with OKEN Scanner



‘& \\C\“\Q{'\)\Q Cb(\\!@‘(@ion Element: - Qoma&)‘m&, he

QQQQ,Q?ﬁQog Ngncg ﬂeQAA Canveys on - Té B\e ?npuﬁ; L8
) OQOJ E)owm OncJ he el 3¢ oge Can OxCC'emQ b”KOj

" Mir bloor, cre

1 y \Qc& Pcy(m, o (hol Cose in |
N &8 L\naﬁoj to (D‘IQC})OJOQ Corvoclov CADe).

Flomonk - Tk broCk  fArxbher
nlo O Poru 0Cceprable

Om\ vequine Qn

5. Nowable Mo lals on

B | nao BQO&MC/
\\mor\I’PUiaﬁ@A e Y ;@ o Ompﬂj\% . ){ynaﬂ

Lo o meal blo( K- :O?
«Q‘D Qﬁ?’ Y@?U)x@c{ e Vel.

6. Dola TYan a0 Flocenk & wWhon eloments of an-

\tﬂ&%*umen@; Oxe Qﬁ EQ ’ﬁnd)ﬁo_a% )s@fpevoﬁ’acf, .‘@ BeCom@

Ve N m 04’ Ei: OQ’ner_
Qecp)/\o:j lo O:Yaﬂ)smlﬁr C,Lo.&a é m o Clome

@'S@&%@a@‘m Elemené éﬁgplej) > This C{)}s@la A
S 00 Sewboble Pora

QAQ Quan@\‘ﬁ] m‘c}av eolutement  en

sy A Lok don he UncJOrAQooo/
59,, 0 QOQQOj (o¢) O)—'&t ,Q«Q, mko

taj ob Sex ver (o) OqD@ro,axm. | .
Q. C:\O@%om?y Fle menl |- In Care, O G«QO/Q ﬁ v,iome
5 Qm‘pbgecl; Uon ¢ becsme \’\Q%Eimj b opply
" Eaecl back" o o sopul Sy - :
" Noﬁ'g Chol OQQ B A@:ﬁej may ool be Yeges ve
o QQQ Proores, o te BN Cher v heguen o Moy 0.&0 be

d\nowac[ o e Hhe f\Q_QJ

(¥ Scanned with OKEN Scanner



What is number system? explain the different types of number systems

A Number system or numeral system is defined as an elementary system to express numbers
and figures. It is the unique way of representing of numbers in arithmetic and algebraic
structure.

Types of Number Systems
Based on the base value and the number of allowed digits, number systems are of many types.
The four common types of Number systems are:

e Decimal Number System
e Binary Number System
e Octal Number System
o Hexadecimal Number System
Decimal Number System
A number system with a base value of 10 is termed a Decimal number system. It uses 10 digits
i.e. 0-9 for the creation of numbers. Here, each digit in the number is at a specific place with a
place value of a product of different powers of 10. Here, the place value is termed from right to
left as the first place value called units, second to the left as Tens, so on Hundreds, Thousands,
etc. Here, units have a place value of 100, tens have a place value of 101, hundreds as 102,
thousands as 103, and so on.

For example, 12265 has place values as,
(1 x 10% + (2 x 10%) + (2 x 10%) + (6 x 10%) + (5 x 10°)
= (1 x 10000) + (2 x 1000) + (2 x 100) + (6 x 10) + (5 x 1)

= 10000 + 2000 + 200 + 60 + 5
= 12265

Binary Number System

A number System with a base value of 2 is termed a Binary number system. It uses 2 digits i.e.
0 and 1 for the creation of numbers. The numbers formed using these two digits are termed
Binary Numbers. The binary number system is very useful in electronic devices and computer
systems because it can be easily performed using just two states ON and OFF i.e. 0 and 1.

Decimal Numbers 0-9 are represented in binary as 0, 1, 10, 11, 100, 101, 110, 111, 1000, and
1001

For example, 14 can be written as 1110, 19 can be written as 10011, and 50 can be written as
110010.

Example of 14 in the binary system

—
S~

NINININ
=W
oI o=




Here 14 can be written as 1110

Octal Number System

Octal Number System is one in which the base value is 8. It uses 8 digits i.e. 0-7 for the
creation of Octal Numbers. Octal Numbers can be converted to Decimal values by multiplying
each digit with the place value and then adding the result. Here the place values are 80, 81, and
82. Octal Numbers are useful for the representation of UTF8 Numbers. Example,

(81)10 can be written as (121)s

(125)10 can be written as (175)s

Hexadecimal Number System

A number System with a base value of 16 is known as Hexadecimal Number System. It uses
16 digits for the creation of its numbers. Digits from 0-9 are taken like the digits in the decimal
number system but the digits from 10-15 are represented as A-F i.e. 10 is represented as A, 11
asB,12asC, 13 as D, 14 as E, and 15 as F. Hexadecimal Numbers are useful for handling
memory address locations. Examples,

(185)10 can be written as (B9)16
(5440)10 can be written as (1540)16
(4265)10 can be written as (10A9)16

Hexa

decima|0123456789ABCDEF

Decimal 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Binary |Decimal DI::?;;I Octal | BCD | Gray
Base-2 |Base-10 Base-16 Base-B| Code | Code
IR 1l g 0l 1 { ] M
0] | I I I (K
G 2 2 2 2 (H1 ]
il 3 3 3 3 (010
000 4 4 4 4 0110
(0] 3 3 5 . 0111
10 B ) A f (11001
1 7 7 7 ] 0100
1 00 8 8 10 5 1100
[ O3] L o 8! Y 1101
|3 10 A 12 1111
[0 ] 11 B 13 1110
| (i) 12 C 14 1010
[ 103 13 D 15 - 1011
| 11 14 E 16 10:0)1]
[ 111 15 F 17 1000




b)

Convert the (555)10 into binary, octal and Hexadecimal number systems.

s ——

| (b Convtert -the (S, nto }»_:?mu‘, oetal and Hetadedmel
Numbes  ayatem.

G (Bs8), = ( :){Q i) (555) = CZ)&

R 555 —-lQLSE’Q 5 ‘6515 g>69<g
) | == 64
s32 64
Q 5 ol '
al 24 —0 8)8 (1 (msm)
A & —1 .4
N | s
al 5 — TF cery o F1n
[ 2 —°, ‘Qs-s_c) = (1083,
| —0 _ M O
(MsB) ‘

ESED[O = Ctoomolou)gjj

) (55, = €2)

16
(6)S<S(3 [ :
)S¢¢( 4 6);;1.@ (Ms2)
) _—ry
J @
B

\L‘“T o= (228D |

Convert the following into binary to decimal, decimal into hexa decimal
i) (1101.1),

i) (1100.001)>
i) (5386.34) 10
iv)  (214.35) 10
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Explain about Logic gates with symbols and truth table.




Logic Gates and truth tables

These are devices that implement a Boolean function, that is they perform logical operations on one or
more logical inputs to produce a single logical output. Every terminal has one of the two binary

conditions: low (0) and high (1) represented by different voltage levels.

AND Gates:

When at all inputs are high (1) the output will be high (1).

Input X Input Y Output

il 1 1

il 0 0

0 1 0

0 0 0
NAND Gates:

A= ) y  Adot (.)is used to show the AND

B operation i.e. A.B - Bear in mind

v-a.p thatthis dotis sometimes
omitted i.e. AB

“NOT AND”, hence when at least one input is high (1) the output is high(1). If both inputs are high (1) the

the output is low (0).

It is represented as A.B {orﬁj
- \-____ AR with a bar over the top. In the
B | P exam we put ~ with the object
N J.f'\f‘-l-l—.'l of interest in brackets AFTER the
-~ instead of the bar. NOT is

applied after AND.

This is a NOT-AND gate which is equal to an AND gate followed by a NOT gate. Or two NOT gates followed by an

Itis represented as A + B.

A Be careful + means OR.
Y=A+B
B

Input X Input Y Output
il 1 0
il 0 1
0 1 1
0 0 1
OR gate.

OR Gates:

When one or more of the inputs is high (1) the output will be high (1).
Input X Input Y Output
il 1
il 0 1
0 1 1
0 0 0

NOR Gates:

When any one of the inputs is high (1), the output will be low (0). If both inputs are low (0), the output is high (1).

Input X Input Y Output
1 1l 0
il 0 0
0 1 0
0 0 1

It is represented as NOT(A or
A+B B), hence -(A +B),orA+B




XOR Gates:

“Exclusive Or gates’. These will only ever give an output that is high (1) when either, not both of the inputs is h

().

It is represented as A@ B.

Input X Input Y Output Where the encircled plus &
1 1 0 Y is sued to show the XOR
- 0 - operation.
0 1 1
0 0 0
XNOR:

‘Exclusive NOT OR’, does the opposite to an XOR gate. It will give a low (0) output if either, but not both, of th
inputs is high (1). Only when the inputs are the same state (both 1 or both 0) will the output be high (1). If only

one input is high then the output will be low.

It is represented as

Input X Input Y Output A _

i i 1 Y=AGB (A @ B). Where the XOR
g 0 0 B function is applied before
0 1 0 the NOT operation.

0 0 1 Y=(A®B)=(A.B+A.B) Sometimes = A.B + (-A.~B)

ime as an AND gate paralleled with an AND gate that has both inputs inverted by 2 NOT gates. This is then fed into an OR gate.

NOT Gates:

Sometimes called an inverter. The output is the opposite to the input.

Input X Output
1 0
0 1

A

~O— A

NOT

It is represented as

- followed by item(s) of
interest in brackets. Or by a
bar drawn over items being
inverted.

A NOT gate can be created with NAND gate where the inputs are linked so identical. Therefore when the single input is low (0),
creates two identical conditions - 2 low inputs (0). The output is high Since at least one low input is required for a high output

(1).

What is BCD codes and what are the various BCD codes

Binary Coded Decimal, or BCD, is another process for converting decimal numbers into their
binary equivalents.

o Itisaform of binary encoding where each digit in a decimal number is represented
in the form of bits.
e This encoding can be done in either 4-bit or 8-bit (usually 4-bit is preferred).
o It is a fast and efficient system that converts the decimal numbers into binary
numbers as compared to the existing binary system.
e These are generally used in digital displays where is the manipulation of data is
quite a task.
e Thus BCD plays an important role here because the manipulation is done treating
each digit as a separate single sub-circuit.
The BCD equivalent of a decimal number is written by replacing each decimal digit in the
integer and fractional parts with its four bit binary equivalent.the BCD code is more precisely
known as 8421 BCD code , with 8,4,2 and 1 representing the weights of different bits in the
four-bit groups, Starting from MSB and proceeding towards LSB. This feature makes it a
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weighted code , which means that each bit in the four bit group representing a given decimal
digit has an assigned weight.

Many decimal values, have an infinite place-value representation in binary but have a finite
place-value in binary-coded decimal. For example, 0.2 in binary is .001100... and in BCD is
0.0010. It avoids fractional errors and is also used in huge financial calculations.

Consider the following truth table and focus on how are these represented.

Truth Table for Binary Coded Decimal

DECIMAL NUMBER BCD
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

There are different types of BCD codes; however, the 8421 code is the most popular one. In this
article, we will highlight three different types of BCD codes, such as 8421, 2421, and Excess-3.
Both 8421 and 2421 are weighted code, whereas Excess-3 is not weighted.
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Decimaldigit | ___ 821 | 2421 | Excess3
0 0000 0000 0011

1 0001 0001 0100
2 0010 0010 0101
3 0011 0011 0110
4 0100 0100 0111
5 0101 1011 1000
6 0110 1100 1001
7 0111 1101 1010
8 1000 1110 1011
9 1001 1111 1100
Unused code words / Invalid codes
1010 0101 0000
1011 0110 0001
1100 0111 0010
1101 1000 1101
1110 1001 1110
1111 1010 1111

Different Decimal Codes

The above table shows the binary code groups for different BCD representations. Using 4 binary
bits, a total of 16 numbers can be represented. However, for BCD, 10 decimal digits (O through 9)
need to be represented. Therefore, there are six unused code words / invalid codes for all BCD
representations, as shown above.

As stated earlier, both 8421 and 2421 are weighted codes, where each decimal digit can be found
from its code word by assigning a fixed weight to each code word bit. For example, the weights
of four bits of 8421 code are 23, 22, 2!, and 2°. So, decimal digit 5 in 8421 is “0101”, which is 0 x
22 +1x22+0x2'+1x2°=5.

Both 2421 and Excess-3 codes are self-complementing codes. This means that the code word for
the 9s’ complement of any digit can be obtained by complementing the individual bits of the digit’s
code word. For example, decimal digit 2 in Excess-3 is “0101”. If we complement “0101”, then it
will be “1010”, which is the Excess-3 code of decimal digit 7 (check the above table). Since 7 is
9s’ complement of 2, this shows that Excess-3 code is self-complementing.

b)

Perform the following Decimal addition to 8421 BCD code.
i)48+58,
ii)186+237
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Convert the following into Gray code.

i) (1001100); ii) (110101110);
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b)

What is Hamming code and how does it work?

A Hamming code is a linear error-correcting code named after its inventor, Richard Hamming.
Hamming codes can detect up to two bit errors, and correct single-bit errors. This method of
error correction is best suited for situations in which randomly occurring errors are likely, not for
errors that come in bursts.




Definitions of the components/Keywords:

- For a Hamming code, the minimum distance is exactly 3.
- Hence, the code is capable of correcting all the error patterns with a
single error or detecting all the error patterns of two or fewer errors.

* A Single Parity Check (SPC) code is a linear block code with a single
parity check digit which can detect single bit errors.

— The parity bit is appended to the information bits and is set to 1 if the
number of ones in the information bits is odd and is set to 0 if the
number of ones in the information bits is even. Thus the resultant
codeword which consists of the information bits and the parity bit will
have an even number of ones.

— An even parity check which involves taking modulo 2 sum of all the
received bits and checking if it zero can detect single bit errors.

*Hamming code extends this by using multiple even parity checks to correct
single bit errors.
— To correct a single bit error it is sufficient to know the location of the
error since correction involves flipping the bit at the error location
— In the Hamming code, we conduct multiple even parity checks and
for each one of them we output 1 if they fail and 0 if they pass
— We want the sequence of 1's and 0's to form the binary
representation of the error location in the received vector.

 For a (7,4) Hamming code,

| - the first even parity check should involve all the odd numbered locations

1,3,5,7 because these locations have a 1 in the least significant bit of their

binary representations
- the second even parity check has to involve locations 2,3,6,7 because
these locations have a 1 in the next to least significant bit of their binary
representations
- the third even parity check has to involve locations 4,5,6,7
- at least one of the bit in each set of locations is a parity bit which will be 0
or 1 in order to make the number of ones in the locations even.

* Here 1,2,4 are the parity bits and 3,5,6,7 are the information bits

1 2 3 4 5 6 7
Pi P2 Us Ps Us Us U~

If a single error happens in a Hamming Code, the sequence of failed and
passed even parity checks or syndrome gives the binary representation of
the location of the single bit error. If syndrome is all zeros then assume that
no error occurred

Encode the binary word 1011 into seven bit even parity hamming code?
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Explain Basic Theorems and properties of Boolean Algebra
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Define combinational circuit? Explain Half Adder and Full Adder with truth table.

Combinational circuit is a circuit in which we combine the different gates in the circuit, for
example encoder, decoder, multiplexer and demultiplexer. Some of the characteristics of
combinational circuits are following —

e The output of combinational circuit at any instant of time, depends only on the levels
present at input terminals.

e The combinational circuit do not use any memory. The previous state of input does not
have any effect on the present state of the circuit.

e A combinational circuit can have an n number of inputs and m number of outputs.

Block diagram

A — R )
B —— - B
C ——— | Combinational ——» C’

circuit




We're going to elaborate few important combinational circuits as follows.

Half Adder

Half adder is a combinational logic circuit with two inputs and two outputs. The half adder
circuit is designed to add two single bit binary number A and B. It is the basic building block for

addition of two single bit numbers. This circuit has two outputs carry and sum.

Block diagram

A — L 5 Sum’s’
Half Adder
B . L, Camry
Truth Table
Inputs Output
A B |S C
0 0 00
0 1 10
1 0 |10
1 1 01

Circuit Diagram

.. .
)y — S
B 2/
|| L
Full Adder

Full adder is developed to overcome the drawback of Half Adder circuit. It can add two one-bit
numbers A and B, and carry c. The full adder is a three input and two output combinational
circuit.

Block diagram




A —» & Sum'’s’

Full Adder

B — ______ , Camry ‘e’

Cin
Truth Table
Inputs Output
A B | Cin S Co
0|0 0 00
0|0 1 10
0| 1 0 10
0|1 1 01
1(0 |0 10
1|0 1 01
1|1 (0 01
S QI | 1 % -1

Circuit Diagram
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Define sequential circuit. And explain about Flip flops, registers, and counters.
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Counters

A program counter is a register in a computer processor that contains the address (location) of

the instruction being executed at the current time. As each instruction gets fetched, the program
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counter increases its stored value by 1. After each instruction is fetched, the program counter

points to the next instruction in the sequence. When the computer restarts or is reset, the program

counter normally reverts to 0.

In computing, a program is a specific set of ordered operations for a computer to perform. An

instruction is an order given to a computer processor by a program. Within a computer, an

address is a specific location in memory or storage. A register is one of a small set of data

holding places that the processor uses.

10 a) Explain differences between combinational and sequential circuits.

COMBINATIONAL CIRCUITS SEQUENTIAL CIRCUITS

Output depends only on the present Output depends on both the present

value of the inputs. and previous state values of the inputs

These circuits will not have any memory Sequential circuits have some sort of

as their outputs change with the change memory as their output changes

in the input value. according to the previous and present
values.

There are no feedbacks involved. In a sequential circuit the outputs are
connected to it as a feedback path.

Used in basic Boolean operations: Used in the designing of memory
devices.

Implemented in: Half adder circuit, full  Implemented in: RAM, Registers,

adder circuit, multiplexers, de- counters and other state retaining

multiplexers, decoders and encoders. machines.

b) | Perform the following addition using excess-3 code

i)386+756
i) 12+38
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