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fN!;sl úoHdj

bf,lafg%dksl úoHdj

11'1 ye¢kaùu

bf,lafg%dksl úoHdj tÈfkod Ôú;h flfrys úYd, n,mEula we;s lr we;' 

tÈfkod lghq;=j, § wm fndfyda bf,lafg%dksl WmlrK Ndú; lrkq ,efí' cx.u 

ÿrl:k" mß.Kl" rEmjdyskS hka;%" .=jka úÿ,s hka;% bf,lafg%dksl WmlrK 

i|yd ksoiqka lsysmhls' 

úoHq;h ikakhkh lrk øjH úoHq;a ikakdhl f,i y÷kajkq ,efí' f,day ^;U" 

we¨ñkshï" hlv" Bhï wdÈh& iy ñY% f,day ̂ ms;a;," ksfl%daï" ueka.kSka& fï i|yd 

WodyrK fõ' úÿ,sh ikakhkh fkdlrk øjH ^tnkhsÜ" fmd,s;Ska" ma,diaála" 

úh<s ,S" weianeiagia" ùÿre wdÈh& úoHq;a mßjdrl f,i ye¢kafõ'

hï øjHhl úÿ,s ikakhkhg fya;= jkafka tu øjHfha mrudKqj, we;s bf,lafg%dak 

iuyrlg ksoyfia .uka lsÍug we;s yelshdjhs' f,dayj, mrudKqj, ndysr ljpj, 

we;s bf,lafg%dak mrudKqfõ kHIaáhg ;Èka ne£ fkdmj;sk fyhska ksoyfia 

yeisfrhs' mßjdrl øjHj, mrudKq w;r we;s nkaOk ^iyixhqc& m%n, ùu fya;= 

fldgf.k ksoyfia yeisßh yels bf,lafg%dak we;af;a b;du w,am m%udKhls'

fï w;r iuyr øjH úÿ,sh iq¿ m%udKhla ikakhkh lrhs' tjeks øjH w¾O 

ikakdhl (Semiconductors) f,i y÷kajkq ,efí' iaMál wdldrfhka mj;sk 

is,slka (Si), c¾fïkshï (Ge) jeks øjH fujeks .=K olajhs' fïjd wdj¾;s;d j.-=fõ 

y;r jk ldKavhg wh;a jk w;r mrudKqfõ ndysr ljpfha bf,lafg%dak y;rla 

we;s uQ,øjH fõ' tjeks øjHj, iaMál iEfokafka tla tla mrudKqj ;ud jgd we;s 

wfkla mrudKq y;rla iu`. bf,lafg%dak fmdÿfõ ;nd .ksñka ;u ndysr ljpfha 

bf,lafg%dak ixLHdj wgla fldgf.k ia:dhs iyixhqc nkaOk iE§fuks'

kuq;a fuu nkaOk" wfkl=;a mßjdrl øjHj, tjeks nkaOkj,g idfmalaIj ÿ¾j, 

tajd fyhska ldur WIaK;ajfha § mjd ;dmh f,i ,efnk Yla;sfhka iuyr 

nkaOk ì§ bf,lafg%dak ksoyia fõ' 
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11'1 rEmfha oelafjkafka 0 K WIaK;ajfha § is,slka oe,sfia iyixhqc nkaOk iE§ 

we;s wdldrhhs' tys ish¨ nkaOk iïmQ¾K j mj;shs' 11'2 rEmfhka fmfkkafka 

0 K g jeä WIaK;ajhl § iuyr nkaOk leã bf,lafg%dak ksoyiaj we;s wdldrhhs' 

nkaOkfha bf,lafg%dak ;snQ ia:dkfha bf,lafg%dak W!k;djla we;s fõ' fuu 

bf,lafg%dak W!k ia:dkh l=yrhla (hole) f,i y÷kajkq ,efí' kHIaáfha we;s Ok 

wdfrdams; fm%dafgdak ksid ^WodiSk mrudKqjl kHIaáhg ndysrj we;s bf,lafg%dak 

ixLHdjg iudk fm%dafgdak ixLHdjla kHIaáh ;=< we;& fuys WodiSk fkdjQ Ok 

wdfrdamKhla we;s fõ' fï ksid l=yrhla Ok wdfrdamKhlg wkqrEm fõ' 

si si si si

si si si si

si si si si

si si si si

11'2 rEmh - 0 K g jeä WIaK;ajhl § Si oe,sila

si si si si

si si si si

si si si si

si si si si

11'1 rEmh - 0 K WIaK;ajfha § Si oe,sila

ksoyia 

bf,lafg%dak

l=yr

w¾O ikakdhlj, úoHq;h ikakhkh i|yd odhl jkafka bf,lafg%dak muKla 

fkdfõ' Ok wdfrdamK iys; l=yrhlg hdno mrudKqjl bf,lafg%dakhla mekSu 

ksid l=yrh msysgk ia:dkh fjkia úh yels h' fuf,i mrudKqfjka mrudKqjg 

udrefjñka oe,si mqrd .uka lsÍu u.ska l=yrj,g o Odrdjla f.k hEug odhl úh 

yels h' oe,si ;=< we;s ksoyia bf,lafg%dak" RK wdfrdams; Odrd jdyl f,i l%shd 

lrk w;r l=yr" Ok wdfrdams; Odrd jdyl f,i l%shd lrhs'

fï ksid w¾O ikakdhlhla yryd úoHq;a úNj wka;rhla we;s l< úg Ok úNjfha 

isg RK úNjh foig l=yr;a" RK úNjfha isg Ok úNjhg bf,lafg%dak;a 

.uka lrk w;r ^iïu;& Odrdj Ok úNjfha isg RK úNjhg .,d hhs'

 ● f,day ikakdhlj, úoHq;a ikakhkh isÿ lrk wdfrdamK jdyl ksoyia 

RK bf,lafg%dakhka h'

 ● w¾O ikakdhlj, úoHq;a ikakhkhg iyNd.S jk wdfrdamK jdyl f,i  ksoyia 

RK wdfrdams; bf,lafg%dak;a Ok wdfrdamKhkag wkqrEm l=yr;a l%shd lrhs'

 ● nkaOkhla leã bf,lafg%dakhla ksoyiaj;au l=yrhla we;s jk fyhska 

ixY=oaO w¾O ikakdhlhl mj;sk ksoyia jdyl bf,lafg%dak ixLHdj tys 

mj;sk l=yr ixLHdjg iudk fõ'

 ● fï ksid w¾O ikakdhl oe,si úoHq;a jYfhka WodiSk fõ'
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11'1'1  ksi. w¾O ikakdhl (intrinsic smiconductors)
by; i|yka lrk ,o wdldrfha iaMál f,i mj;sk ixY=oaO is,slka (Si) iy 

c¾fïkshï (Ge) jeks w¾O ikakdhl ksi. w¾O ikakdhl f,i y`ÿkajkq ,efí' 

 ● úoHq;a ikakhkhg WIaK;ajfha n,mEu

ikakdhlhl WIaK;ajh jeä lrk úg ksoyia bf,lafg%dakj, wyUq p,s;h jeä 

jk fyhska lsishï ÈYdjla Tiafia Odrdjla .e,Sug ndOd we;s lrhs' fï ksid 

ikakdhlj, WIaK;ajh jeä lrk úg ikakdhl;dj wvq fõ ^m%;sfrdaOl;dj 

jeä fõ&' fuu ;;a;ajh hgf;a jqjo w¾O ikakdhlj, WIaK;ajh jeä lrk 

úg nkaOk jeämqr ì£ l=yr iy ksoyia bf,lafg%dak jeä jk fyhska úoHq;a 

ikakdhl;dj jeä fõ ^m%;sfrdaOl;dj wvq fõ&'

11'1'2 ndyH w¾O ikakdhl (extrinsic semiconductors)
Si jeks ksi. w¾O ikakdhlhlg fmdiamria (P) uQ,øjHh b;d iaj,amhla tkï 

is,slka mrudKq ñ,shkhlg fmdiamria mrudKq tlla muK ñY% l<fyd;a ̂ ud;%Kh 

(doping) l<fyd;a& isÿ jk oE i,ld n,uq' fmdiamria wdj¾;s;d j.=fõ Vjk 

ldKavhg whs;s uQ,øjHhla jk w;r tys ndysr ljpfha bf,lafg%dak myla mj;S' 

fmdiamria mrudKqj jgd we;s is,slka mrudKq y;rlska bf,lafg%dak y;rla ,nd 

f.k tys ndysr ljpfha bf,lafg%dak ixLHdj wgla lr .kS' fuys § fmdiamria 

mrudKqfõ bf,lafg%dak mfyka tlla nkaOkhlg iyNd.S fkdù b;sß fõ' fuu 

bf,lafg%dakhg oe,si ;=< ksoyfia p,kh ùug wjia:dj ,efí' 

11'3 rEmh - P j,ska ud;%Kh l< Si oe,sila

ud;%Kfhka ckkh jQ 

ksoyia bf,lafg%dakh

si si si si

si si si si

si P si si

si si si si

11'3 rEmfha oelafjkafka fmdiamria mrudKqjla is,slka mrudKq iu`. nkaOk 

idok wdldrhhs' b;sß jQ bf,lafg%dakh ksid oe,sfia ikakdhl;dj jeä fõ' 

fuys § RK wdfrdams; bf,lafg%dak" wdfrdamK jdyl f,i oe,sig tl;= jk 

fyhska fuf,i ud;%Kh l< Si, RK j¾.fha (negative type) fyj;a n- j¾.fha 

(n-type) w¾O ikakdhlhla f,i ye¢kafõ' ksi. w¾O ikakdhl øjHhlg fjk;a 

uQ,øjHhla ud;%Kh lsÍfuka jdyl ixLHdj jeä jQ fujeks w¾O ikakdhl ndyH 
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w¾O ikakdhl f,i y÷kajkq ,efí' fmdiamria fjkqjg V jk ldKavfha uQ,øjH 

jk wdiksla (As)" wekaáuksj,ska (Sb) o ksi. w¾O ikakdhlhla ud;%Kh lsÍfuka 

o n- j¾.fha ndyH w¾O ikakdhl idod .; yels h' mia jk ldKavfha uQ,øjH 

u.ska oe,sig ksoyia bf,lafg%dak m%odkh flfrk ksid tAjd odhl mrudKq f,i 

ye¢kafõ'

Si ksi. w¾O ikakdhlhla" fndfrdaka (B) jeks III jk ldKavfha uQ,øjHhlska 

ud;%Kh l<fyd;a fndafrdaka mrudKqj wi< we;s is,slka mrudKq iu`. nkaOk 

idod .kS' fuys § nkaOk y;r idod .ekSug fndfrdaka mrudKqfõ ndysr ljpfha 

we;af;a bf,lafg%dak ;=kla fyhska tla nkaOkhla iE§ug bf,lafg%dakhla W!k 

fõ' tjeks wjia:djl is,slka oe,sfia mrudKq yd nkaOk msysgk wdldrh 11'4 

rEmfhka oelafõ'   

11'4 rEmh - fndafrdakaj,ska ud;%Kh l< is,slka oe,si

ud;%Kfhka ckkh

 jQ l=yrh

si si si si

si si si si

si B si si

si si si si

fndafrdaka mrudKqfõ nkaOkh iE§ug bf,lafg%dakhla W!k jQ ia:dkfha l=yrhla 

msysghs' l=yrj,g Ok wdfrdamK f,i úÿ,sh ikakhkh l< yels fyhska fuys 

ikakdhl;dj jeä fõ' l=yr" Ok wdfrdamKhlg wkqrEm fyhska fuu ndyH w¾O 

ikakdhl Ok j¾.fha (positive type) fyj;a p - j¾.fha (p-type) ndyH w¾O 

ikakdhl f,i ye¢kafõ' p - j¾.fha w¾O ikakdhlhla ;=< l=yr idkaøKh" 

th ;=< we;s bf,lafg%dak idkaøKhg jvd fndfydafihska jeä ksid l-=yr nyq;r 

jdyl f,i ye¢kafjk w;r ksoyia bf,lafg%dak w,am;r jdyl f,i ye¢kafõ' 

fndafrdaka fjkqjg III jk ldKavfha uQ,øjH jQ we¨ñkshï (Al)" .e,shï (Ga)" 
bkaähï (In) o p - j¾.fha ndyH w¾O ikakdhl iE§u i`oyd ud;%Khg Ndú; l< 

yels h' fndafrdaka jeks III jk ldKavfha uQ,øjH u.ska bf,lafg%dak ,nd.; yels 

l=yr ks¾udKh flfrk ksid tAjd m%;s.%dyl mrudKq f,i ye¢kafõ'

11'2 p - n ikaêh (p -n junction)
is,slka fyda c¾fïkshï ksi. w¾O ikakdhlhl tla me;a;la III jk ldKavfha 

uQ,øjHhlska ud;%Kh fldg p - j¾.fha w¾O ikakdhlhl=;a wfkla me;a; V  jk 

ldKavfha w¾O ikakdhlhlska ud;%Kh fldg n - j¾.fha w¾O ikakdhlhl=;a 
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iE¥ úg tys ueo p - n ikaêhla iEfohs' fujeks ikaêhla idudkH ikakdhlhlg 

fjkia f,i úoHq;a jYfhka yeisfrhs' 

l=yr

p - j¾.h

ksoyia bf,lafg%dak

n - j¾.h

(a)
úirKh

ydhs; fmfoi

^ySkia:rh&

}

- +p  m%foaYh n  m%foaYh

úNj ndOlh

(b)

11'5 rEmh - p - n ikaêh

 
11'5(a) rEmfha oelafjk mßÈ p - n ikaêh iEÿKq jydu n - m%foaYfha we;s ksoyia 

bf,lafg%dak ikaêh yryd p - m%foaYh foig úirKh jk w;r p - m%foaYfha we;s 

l=yr n - m%foaYh foig úirKh fõ' fuu úirKh ksid l=yrj,g bf,lafg%dak 

ixfhdackh ù jdyl uqla; l,dmhla ikaêh wi< ks¾udKh fõ' fuu l,dmh 

ySk ia;rh fyj;a ydhs; fmfoi (depletion region) f,i ye¢kafõ' 11'5(b) rEmfha 

oelafjk mßÈ we;s jk ydhs; fmfofia" p - m%foaYhg wh;a fldgig wu;r 

bf,lafg%dak we;=¿ ù we;s fyhska tu m%foaYh RK f,i;a ydhs; fmfofia n 
m%foaYhg wh;a fldgig wu;r Ok wdfrdamK we;=¿ ù we;s fyhska tu m%foaYh 

Ok f,i;a msysgk mßÈ p - n ikaêh yryd úNj wka;rhla we;s fõ' fuu úNj 

wka;rh u.ska jdyl úl¾IKh ùu fya;= fldgf.k ikaêh yryd jdyl úirKh 

kj;S' tneúka fuu wjia:dfõ we;sj ;sfnk úNj wka;rh —úNj ndOlhla˜ f,i 

y÷kajkq ,efí' fuu úNj ndOlh l,ams; negßhlg iudkj by; rEmfha olajd 

we;'

Sij,ska idok ,o p - n  ikaêhl fuu úNj ndOlfha úYd,;ajh 0'7 V muK jk 

w;r Gej,ska idok ,o ikaêhl th 0'3 V muK fõ' 
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11.2.1  p - n ikaêhla keUqre lsÍu

p - n ikaêhla yryd ndysr úoHq;a m%Njhla u.ska úNj wka;rhla we;s lsÍu keUqre 

lsÍu f,i y÷kajkq ,efí' ikaêh yryd we;s lrk úNj wka;rfha ÈYdj wkqj 

ikaêh fohdldrhlg yeisf¾' fuh wdo¾Ykh lsÍug 11'1 ls%hdldrlfuys fhfouq' 

11'1 l%shdldrlu

wjYH øjH ( 1N 4001 vfhdavhla" 2'5 V úÿ,s mkaoï n,anhla" 1'5 V úh<s fldaI 

folla" iaúÉphla iy iïnkaOl lïì 

fmr keUqrej

3 V
+

-

Odrdjla .,hs

1 rEmh

3 V
+

-

miq keUqrej
2 rEmh

² rEmfha fmkajd we;s wdldrhg mßm: mqjrefõ ^Project board/bread board 
tlla fï i|yd jvd myiqh&" vfhdavh 1 rEmfha oelafjk f,i iïnkaO 

lrkak' 

² iaúÉph ixjD; (ON) fldg n,anh ksÍlaIKh lrkak' 

² fojkqj negßh muKla úikaê fldg vfhdavh w.% udre jk f,i 2 rEmfha 

wdldrhg negßh m%;súreoaO f,i kej; iú lrkak' 

² kej; iaúÉph ixjD; (ON) lr n,anh ksÍlaIKh lrkak' 

vfhdavh úÿ,s Odrdfõ .e,Sug bv fokafka th l=uk wdldrhg keUqre l< úg 

oehs ks.ukh lrkak' n,anh oe,afjkafka 1 rEmfha f,i vfhdavh iïnkaO l< 

wjia:dfõ § muKla nj Tng ksÍlaIKh l< yels h' fï wkqj mßm:hl tla 

ÈYdjlg muKla Odrdjla .e,Sug bv Èh hq;= wjia:djl ikaê vfhdavhla Ndú; 

fldg tu wjYH;dj bgq lr .; yels h'

wu;r oekqug

●	 p - n ikaêh fmr keUqre ù Odrdj .e,Sug wefkdavhg Ok úNjh iïnkaO 

l< hq;= w;r úNj ndOlh blau jk ;rï úNj wka;rhla th yryd we;s l< 

hq;= h' fuu úNj ndOlfha w.h Si vfhdav i`oyd 0'7 Vjk w;r Ge vfhdav 

i|yd 0'3 Vfjhs'  
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 ● p - n ikaêhla miq keUqre lsÍu (reverse biasing)
p - n ikaêh yryd p -  w¾O ikakdhlhg RK úNjh iy n - w¾O ikakdhlhg 

Ok úNjh isák fia ndysr negßhla iïnkaO l< úg isÿjk oE i,ld n,uq' 

}

- +

}
 11'6 rEmh -   p - n  ikaêh miq keUqrejg fmr yd miq

ydhs; fmfoi

(a) keUqrejg fmr

p j¾.h n j¾.h

0'7 V úNj ndOlh ^Si i|yd&

(b) keUqre lsÍfuka miq

l=yr

mq¿,a jQ ydhs; fmfoi

p - j¾.h n - j¾.h

bf,lafg%dak

fuys§ n - m%foaYfha we;s ksoyia bf,lafg%dak Ok úNjh foig;a p - m%foaYfha 

we;s l=yr RK úNjh foig;a wdl¾IKh ù ydhs; fmfoi ;j;a mq¿,a fõ' 

p - n ikaêh yryd jdyl .e,Sula fyj;a Odrdj .e,Sula isÿ fkdfõ' ndysr úoHq;a 

úNjfha úYd,;ajhg wkqrEmj ydhs; fmfoi mq¿,a ùu muKla isÿ fõ' p - n ikaêh 

yryd Odrdjla fkd.,k ksid fuf,i ndysr úNjh iïnkaO lsÍu miq keUqrej 

f,i y÷kajkq ,efí' 11'6(a) yd (b) rEmj,ska miq keUqrej jk úg ydhs; fmfoi 

yeisfrk wdldrh oelafõ'

 ● p - n ikaêh bÈß ^fmr& keUqre lsÍu (forward biasing)

+

p n- +

VB1

+

- +p n
mgq ù we;s ydhs; fmfoi

(b) VB1 < 0'7 V
fkd.sksh yels ;rï l=vd Odrdjla .,hs

(a) keUqrejg fmr

0'7 V úNj ndOlh

p n
ydhs; fmfoi fndfyda l=vd ù we;

(c) keUqre lsÍfuka miq VB2  0'7 V

ie,lsh hq;= Odrdjla .,hs VB2

- +

+

+

11'7 rEmh -  p - n  ikaêh fmr keUqrejg fmr yd miq
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fuys § p m%foaYhg Ok úNjhla iy n m%foaYhg RK úNjhla we;s jk fia ndysr 

úNj wka;rh we;s lrkq ,efí' p m%foaYfha we;s l=yr Ok úNjfhka úl¾IKh 

ù ikaêh foig ;,a¨ jk w;r n - m%foaYfha we;s bf,lafg%dak RK úNjh u.ska 

ikaêh foig úl¾IKh flf¾' fï ksid ydhs; fmfoi l=vd fjhs' tfia jqjo" 

11'7(b) rEmfha fmkajd we;s wdldrhg ndysr úNjh úNj ndOlfha úYd,;ajhg 

jvd wvq kï" b;d l=vd ^fkd.sksh yels ;rï& Odrdjla ikaêh yryd .,d hhs' 

ndysßka" úNj ndOlhg ^Si i|yd 0'7 V& jvd jeä úNjhla fhdod we;s úg ydhs; 

fmfoi fndfyda l=vd ù p - n ikaêh yryd ie,lsh hq;= Odrdjla .,d hhs' tneúka 

fuf,i ndysr úNjh iïnkaO lsÍu fmr keUqre lsÍu f,i y÷kajkq ,efí' 11'7(c) 
rEmfhka fuu wjia:dj oela fõ' 

11'3 p - n ikaê vfhdavh
           

by; oelajQ mßÈ p - n ikaêhla yryd Odrdjla .,kafka th fmr keUqre l< 

úg § muKla nj wms oksuq' fujeks p - n ikaêhlska muKla iE¥ Wmdx.h 

ikaê vfhdavhla f,i wms y÷kajuq' ikaê vfhdavhl wNHka;rfha p iy n w¾O 

ikakdhl ilid we;s wdldrh 11'8(a) rEmfhkq;a" vfhdavhl wkqrEm ixfla;h 

11'8(b) rEmfhkq;a oelafõ' fuys + w.%h wefkdavh (A) f,i;a - w.%h lef;davh 

(K) f,i;a ye¢kafõ' wefkdavh Ok jk f,i ndysr úNj wka;rhla iïnkaO l< 

úg muKla vfhdavh yryd úÿ,sh ikakhkh lrk w;r th ;=<ska Odrdj .,k 

ÈYdj ixfla;fha B ysfika ksrEmKh fõ ^11'8(c) rEmh&'

p n
(a) (b) (c)

A

I
+ -

K

11'8 rEmh - ikaê vfhdavh

wefkdavh lef;davh

A K

iqÿ / ß§ meye;s j,,a,

11'9 rEmh - ikaê vfhdavhl 

idudkH ndysr iajrEmh

ikaê vfhdavhl idudkH ndysr iajrEmh 11'9 rEmfhka 

oelafõ' fuh l¨ meye;s is,skavrdldr yevhla olajhs' 

fuys we;s iqÿ fyda ß§ meye;s j<,a, ^f¾Ldj& lef;dav 

w.%h olajhs'  úúO .=K we;s vfhdav úYd, ixLHdjla 

we;s w;r tajd y÷kd .ekSug wxlhla vfhdavfha uqøKh 

fldg we;' kuq;a iEu ikaê vfhdavhl u ndysr iajrEmh 

fuh u fkdjk nj u;l ;nd .; hq;= h'

11'4 m%;Hdj¾;l Odrd RcqlrKh

ir, Odrdjla hkq mßm:h ;=< tla ÈYdjlg muKla .,d hk Odrdjla nj wms oksuq' 

tfukau m%;Hdj¾;l Odrdjla hkq wdj¾;Shj ÈYdj udre lrñka mßm:hl .,k 

Odrdjla nj o wms oksuq' ir, Odrd iy m%;Hdj¾;l Odrd .,k wjia:dj, Odrdj 

fyda úNj wka;rh" ld,h iuÕ úp,kh jk wdldrh 11'10 rEmfha oelafõ' fndfyda 

úg úoHq;h ckkh lsÍfï § vhskfuda u.ska ckkh lrkq ,nkafka m%;Hdj¾;l 
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Odrd fõ' kuq;a bf,lafg%dksl WmlrK l%shdlrùu i|yd wjYH jkafka ir, Odrd 

fõ' tla ÈYdjlg muKla Odrdj .e,Sug bv fok ikaê vfhdav" m%;Hdj¾;l Odrdjla 

ir, Odrdjla njg m;a lr .ekSug Ndú; l< yels h' m%;Hdj¾;l Odrdjla fyda 

úNj wka;rhla" tla ÈYdjlg muKla .,k Odrdjla fyda ir, úNj wka;rhla njg 

yerùfï l%shdj RcqlrKh (wave	rectification) f,i y`ÿkajkq ,efí' 

(a) m%;Hdj¾;l Odrdj

úNj wka;rh fyda

Odrdj
+

-

ld,h0

11'10 rEmh - m%;Hdj¾;l iy ir, Odrdj, m%ia;dßl ksrEmKh

(b) ir, Odrdj úNj wka;rh

úNj wka;rh fyda

Odrdj
+

-

ld,h
0

11'4'1 w¾O ;rx. RcqlrKh (half  wave rectification) 
RcqlrKh i|yd m%dfhda.sl j Ndú; lrk mßm:hla 11'11 rEmfha oelafõ' 

m%;Hdj¾;l Odrdj ,nd .ekSu i|yd m%Odk úÿ,s iemhqu Ndú; lrkq ,efí' 

 wjlr mßKdulh

230 V AC, 50 Hz

X D

M

R

L

Y

I

11'11 rEmh - w¾O ;rx. RcqlrKh

9 V AC
50 Hz

R yryd úNj wka;rh

ld,h
0

m<uq j wjYH m%udKhg m%;Hdj¾;l úNjh wvq lr .ekSu wjlr mßKdulh Ndú; 

lr isÿ lrkq ,efí' mßKdulfha X iy Y w.%j,ska úNjh wvq l< m%;Hdj¾;l 

úNj wka;rhla ,efí' 

vfhdavh yryd Odrdj .uka lrkafka XL ÈYdjg muKla neúka R m%;sfrdaOh yryd 

Odrdj .,kafka m%;Hdj¾;ll úNj wka;rfha Ok w¾Oh ;=< § muKls' tys RK 

w¾Oh ;=< § m%;sfrdaOh yryd Odrdj Y=kH fõ ^11'1 ls%hdldrlfï negß iú l< úg 

vfhdavh ls%hd l< wdldrh iuÕ ii|d n,kak&'

iEu úg u m%;Hdj¾;l úNj wka;rfha w¾Ohla muKla m%;sodkh f,i ,efnk 

fyhska fuh w¾O ;rx. RcqlrKh f,i ye¢kafõ'
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11'1 wNHdih

11'11 rEmfha we;s mßm:fha b;sß ish¨ fldgia tf,iu ;sìh § vfhdavh muKla 

me;s udre fldg ^X g lef;davh iú jk fia& iú l<fyd;a R yryd .,k Odrdj 

ld,h iu`. fjkia jk wdldrh m%ia;dßlj ksrEmKh lrkak'

11'4'2 mQ¾K ;rx. RcqlrKh (full  wave rectification)

11'2 l%shdldrlu

wjYH øjH ( nhsisl,a vhskfudajla fyda úoHd.drfha we;s m%;Hdj¾;l Odrd 

cklhla" 1N 4001 vfhdav 4la ^fyda tu fY%aKsfha ´kEu j¾.hl 

vfhdav 4la&" ueo ìkaÿ .e,ajfkdaógrhla" 100 Ω Odrd kshdulhla"  

Bhï iy úÿ,s mdykhla iy iïnkaOl lïì 

Y

100	Ω

X

~ G

² vfhdav y;r wefkdav lef;dav 

ksjerÈj isák fia fia;=jl 

wdldrhg mdiaikak' 

² rEmfha oelafjk f,i fia;=jg 

Odrd kshdulhla iy ueo ìkaÿ 

.e,ajfkdaógrhla iïnkaO 

lrkak' 

² oeka nhsisl,a vhskfudafõ fyda 

m%;Hdj¾;l Odrd cklfha w.%  
X iy Y w.%j,g iïnkaO fldg 

cklh fyñka lrljkak' 

² .e,ajfkdaógrfha W;al%uh ksÍlaIKh lrkak' W;al%uh úYd, kï Odrd 

kshdulh iqÿiq f,i ilia lsÍfuka th wvq lr .kak' 

fuu ls%hdldrlu isÿ l< úg .e,ajfkdaógrfha W;al%uh tla ÈYdjlg muKla 

msysgk nj Tng ksÍlaIKh l< yels h' tkï Odrdj ir, Odrdjla njg mßj¾;kh 

ù we;' 

;ks vfhdavh fjkqjg vfhdav y;rla fia;=jl wdldrhg ilia fldg m%;Hdj¾;l 

Odrdj ta ;=<ska .e,Sug ie,iQ úg m%;Hdj¾;l Odrdfõ w¾O fol u tlu ÈYdjg 

.e,Sug ie,ish yels h' fujeks fia;= mßm:hla 11'12 rEmfha oelafõ'

4.5 V negßhla iy wdf,dal úfudapl vfhdavhla (LED) 11'12(a) rEmfha we;s 

wdldrhg iú l< úg LED h §ma;sfhka oe,afõ' fuys § LED Ndú; lrkq ,nkafka 

tla ÈYdjlg muKla Odrdj hejQ úg ls%hd;aul jk úÿ,s mykla f,i h' fuys § 
Y ,laIHhg idfmalaIj X Ok ksid D1 iy D3 vfhdav fmr keUqre jk w;r D2 
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iy D4 vfhdav miq keUqre fõ' túg D1 yryd .,k Odrdj LED yryd .,d f.dia 

kej; D3 vfhdavh yryd negßfha RK w.%h fj; .,hs'

(a)

Y

4.5 V 2.5 V

X

Q

D4

D3
D2

D1

B

+

-

P

(b)

Y

4.5 V 2.5 V

X

Q

B

D3

D4
D1

D2

-

P

+

11'12 rEmh - fia;= mßm:hla

oeka 11'12(b) rEmfha oelafjk f,i X ,laIHhg negßfha RK w.%h o" Y ,laIHhg 

negßfha Ok w.%h o iïnkaO jk fia mßm:h fjkia l< fyd;a LED fmr 

§ma;sfhka u oe,afjk nj fmfka' fuys § D2 iy D4 vfhdav fmr keUqre ù mj;sk 

w;r D1 iy D3  vfhdav miq keUqre ù mj;shs' tu ksid negßfha Ok w.%fha isg tk 

Odrdj D2 vfhdavh" LED iy D4 vfhdavh yryd negßfha RK w.%hg .,hs' LEDh 

wjia:d foflys § u oe,afjk ksid th yryd Odrdj .,d hkafka wjia:d foflys 

§ u tlu w;g nj fmfka' 

oeka fuu fia;=fõ negßh fjkqjg m%;Hdj¾;l úNjhla iïnkaO l<fyd;a túg 

o LED yryd Odrdj tlu ÈYdjg ^P isg Q olajd& .,d hhs' 
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+

t+ +-

úNj wka;rh

11'13 rEmh - fia;= mßm:fhka isÿjk mQ¾K ;rx. RcqlrKh

Y

X

Q

P

+

+ +
-

-

t

úNj wka;rh

m%odkfha Ok iy RK w¾O fol ;=< § vfhdav yryd Odrdj .,d hk wdldrh 

11'13 rEmfha olajd we;' fuys § m%;Hdj¾;l Odrdfõ w¾O fol u LED yryd 

^m%;sodkfha §& tlu ÈYdjg .,k Odrdjla njg m%;Hdj¾;l Odrdj m;a lr we;s 

fyhska fuu l%shdj mQ¾K ;rx. RcqlrKh f,i y÷kajkq ,efí'

11'2 wNHdih

11'2 ls%hdldrlfuys i|yka wjia:dfõ § Tng .e,ajfkdaógrfhka olakg ,enqK 

ksÍlaIKj,g fya;=j meyeÈ,s fldg tu wjia:dfõ § .e,ajfkdaógrh yryd 

.,k Odrdj" ld,h iu`. úp,kh jk wdldrh m%ia;drhlska olajkak'

11'4'3 iqugkh (smoothing)

w¾O ;rx. fyda mQ¾K ;rx. Rcqldrl mßm:hlska ,efnkafka tla ÈYdjlg muKla 

.,k Odrdjls' kuq;a tys w.h ^úNj wka;rh fyda Odrdj& Y=kHh;a Wmßuh;a w;r 

úp,kh jk tlls' 

negßhlska" w¾O ;rx. RcqlrKfhka iy mQ¾K ;rx. RcqlrKfhka ,efnk 

úNjhka ld,h iuÕ úp,kh jk wdldrh 11'14 rEmfhka oelafõ' fndfyda 

bf,lafg%dksl WmlrK l%shd lrùu i|yd iqÿiq jkafka negßhlska ,efnk 

wdldrfha ksh; fjda,aàh;djhla fyda ksh; ir, Odrdjls' 
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11'14 rEmh - negßhlska iy RcqlrKfhka ,efnk fjda,aàh;d w;r fjki

V

ld,h

negßhlska

0

V

w¾O ;rx. RcqlrKfhka

ld,h
0

V

mQ¾K ;rx. RcqlrKfhka

ld,h
0

Rcqldrl mßm:hlska ,efnk úNj wka;rfha fyda Odrdfõ úp,kh" m%;sodkfha 

w.%j,g" iudka;r.; j úYd, Odß;djla we;s Odß;%lhla iú lsÍfuka wvq l< yels 

h' fuu l%shdj iqugkh f,i y÷kajkq ,efí' w¾O ;rx. Rcqldrl mßm:hlg 

Odß;%lhla Ndú; fldg iqugkh isÿ lr .; yels wdldrh 11'15 rEmfhka oelafõ' 

fuys (a) rEmfhka Rcq ldrl mßm:h;a" (b) rEmfhka Odß;%lh fkdue;s úg 

m%;sodkh;a (c) rEmfhka Odß;%lh iys; úg m%;sodkh;a oelafõ'

(a) w¾O ;rx. Rcqldrl mßm:hla

230 V AC, 
50 Hz

D

R

L

C
+

M

11'15 rEmh - w¾O ;rx. Rcqldrl mßm:hl iqugkh

(c) iqugkh iys; j m%;sodkh

R yryd fjda,aàh;dj

t0

+

-
(b) iqugkh rys;j m%;sodkh

R yryd fjda,aàh;dj

t0

+

-

vfhdavfhka iemfhk fjda,aàh;dj Y=kHfha isg l%ufhka jeä jk úg Odß;%lh 

wdfrdamKh fõ' fjda,aàh;dj Wmßu w.hg <Õd ùfuka miq kej; wvq jk 

úg Odß;%lfha .nvd jQ wdfrdamK uqod yef¾' tu ksid vfhdavfhka iemfhk 

fjda,aàh;dj Y=kH jqj o Odß;%lh yryd úNj wka;rh hï m%udKhlg wvq jk 

kuq;a th Y=kH fkdfõ' tfiau vfhdavh yryd Odrdj .uka lrkafka tla ÈYdjlg 

muKla neúka fuu wjia:dfõ § Odß;%lfhka úi¾ckh jk wdfrdayK vfhdavh 

yryd .uka fkdlrhs' fufia iqugkh lrk ,o m%;sodkfha fjda,aàh;dj ld,h 

iuÕ úp,kh jk wdldh 11'15(c) rEmfha fmkajd we;'
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mQ¾K ;rx. Rcqldrlhl m%;sodkh o fï wdldrfhka u iqugkh lr.; yels h' 

tA i|yd mßm: igyk iy m%;sodkfha fjda,aàh;dj" ld,h iuÕ úp,kh jk 

wdldrh 11'16 rEmfha fmkajd we;'

(a) mQ¾K ;rx. Rcqldrl mßm:h

230 V AC

C R
+

11'16 rEmh - mQ¾K ;rx. Rcqldrl mßm:hl iqugkh

(b) iqugkhg fmr ^Odß;%lh ke;s úg&

R yryd fjda,aàh;dj

t0

+

-
(c) iqugkhg miq ^Odß;%lh we;s úg&

R yryd fjda,aàh;dj

t0

+

-

fuys § w¾O ;rx. RcqlrKhg;a jvd iqug jQ Odrdjla ,nd .; yels h' iqugkh 

i|yd 1000	μF,	2000	μF	jeks úYd, Odß;djla we;s Odß;%lhla Ndú; lrkq ,efí' 

Odß;dj úYd, jQ úg iqugkh ùu o jeä fõ'

ir, Odrd WmlrKhlg +  yd - w.% udrefldg úÿ,sh iemhSfuka jk ydksh 

je<lSug vfhdavhl Ndú;h

ir, Odrd bf,lafg%dksl WmlrKhlg + yd − w.% udrefldg úÿ,sh iemhqjfyd;a 

isÿjk ydksh je<lSu i|yd Rcqldrl vfhdavhla Ndú; l< yels h'

11'17 rEmh - WmlrKhl w.% udrelr úÿ,sh iemhSfuka wdrlaId lr .ekSu

+
-

+D bf,lafg%dksl 

WmlrKh

(b)

Odrdj fkd.,hs

++ D

-

bf,lafg%dksl 

WmlrKh

(a)

Odrdj .,hs
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11'17(a) rEmfha oelafjkafka wdrlaIlh f,i vfhdavh iú fldg ksjerÈ j negßh 

iú lrk wdldrh hs' 11'17(b)  rEmfha oelafjkafka negß w.% jerÈhg iú fldg 

we;s wdldrh hs' fuu wjia:dfõ § vfhdavh miq keUqre jk fyhska WmlrKh ;=<g 

Odrdj .,d fkdhhs' tneúka WmlrKhg ydks fkdjk w;r th l%shd lrkafka 

ksjerÈ j negßh iïnkaO lr we;s úg § muKs'

wu;r ±kqug

fia;= Rcqldrl mßm:hla Ndú; fldg negß l=uk wdldrhg iú l< o 

bf,lafg%dksl WmlrKhg ksjerÈ j úÿ,sh iemhSug yels mßm:hla ks¾udKh 

lrkak'

11'4'5 wdf,dal úfudapl vfhdav (light emiting diode - LED)

.e,shï wdikhsâ (GaAs) jeks ixfhda.hla w¾O 

ikakdhlh f,i Ndú; fldg idok ,o p - n  
ikaêhla bÈß keUqre l< úg p - n ikaêh wi, § 

wdf,dalh úfudapkh fõ' wdf,dalh úfudapkh l< 

yels fujeks vfhdav" wdf,dal úfudapl vfhdav (Light 
- Emiting Diode -LED) f,i y÷kajkq ,efí' 

úúO yevhka yd úYd,;ajhka we;s wdf,dal úfudapl vfhdav fjf<|fmdf<a we;s 

w;r jeäfhka u m%p,s;j we;s 5 mm LED tll" ndysr fmkqu iy w.% y÷kd 

.kakd wdldrh;a" wdf,dal úfudapl vfhdavhl ixfla;h;a 11'18 rEmfha oelafõ' 

LED ys È. w.%h wefkdavh fõ' tf,iu LEDys mdoh wm foig w,ajd neÆ úg tys 

lemqug wdikak w.%h lef;davh fõ' r;=" ly" fld< iy ks,a j¾K o mdrcïnq, 

(UV) iy wfOdarla; (IR) lsrK o úfudapkh l< yels LED fjf<|fmdf<a we;'

11'18 rEmh - (a) wdf,dal úfudapl vfhdavhl ixfla;h (b) ndysr fmkqu

 (c) iïu; mdou igyk ^lemqu we;s me;af;a lef;davh ^-& msysghs&

 (a)

 (c)

 (b)

lef;davh (K)
 ^flá w.%h&

ldph f,i ls%hd lrk 
fldgi

lemqu
lemqu

odrh

K A

wefkdavh (A)  
^È.= w.%h&

+ -
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uq,a hq.fha wdf,dal úfudapl vfhdav jeä jYfhka u Ndú; lrk ,oafoa o¾Yl 

(indicators) f,ihs' kuq;a oeka úYd, m%udKfha rEmjdyskS ;sr ksmoùu i|yd o 

wdf,dal úfudapl vfhdav Ndú; lrkq ,efí' iqÿ j¾K LED ksmoùfuka miq 

ksfjia wdf,dalj;a lsÍu" mdrj,a wdf,dalj;a lsÍu" úÿ,s mkaoï ksmoùu jeks 

lghq;= i|yd wdf,dal úfudapl vfhdav Ndú;h jeä fjñka mj;S' Yla;s jeh ùu 

b;d wvq ùu;a meh 50"000l muK wdhq ld,hla ;sîu;a tajd Ndú;h m%p,s; ùug 

fya;= ù we;'

wu;r oekqug

 ● úúO j¾K LED oe,aùug wjYH úNjhka fjkia fõ' fuu wju úNjhka 

lsysmhla my; oelafõ' fïjd oe,aùfï § 10 ∼ 20 mA muK Odrdjla .,d hhs'

j¾Kh w¾O ikakdhl øjH wju keUqre fjda,aàh;dj

r;= Ga As 1.8 V
;eô,s Ga As P 2 V
ly Al In Ga P 1.8 V

fld< Ga P 2.2 V
ks,a Ga N 5 V

●	 LED j,ska úfudapkh lrkafka tAl j¾K wdf,dalhls' wdjrKh j¾K 

.kajd we;af;a fkdoe,afjk úg tys j¾Kh fidhd .ekSug h'

 ● wdf,dal úfudapl vfhdavhla yryd .,k Odrdj jeä jk úg tys §ma;sh jeä 

fõ' jeä §ma;shlska oe,ajQ úg tys wdhq ld,h flá fõ'

   

11'4'6 iQ¾h fldaI

iQ¾h fldaI idod we;af;a o p - n ikaêj,sks' tneúka iQ¾h fldaI o vfhdav j¾.hg 

.efka' fuys ikaê u;g wdf,dalh m;kh úh yels f,i tAjd msg;g újD; j 

idod we;' fuu is,slka p - n ikaêh u;g iQ¾h lsrK m;kh jQ úg ikaêh yryd 

l=vd úoHq;a.dul n,hla ^úNj wka;rhla& ckkh fõ' fujeks p - n ikaêhla 

úoHq;a.dul n, m%Njhla f,i Ndú; l< yels fyhska th iQ¾h fldaIhla f,i 

y÷kajkq ,efí'

tla fldaIhlska 0'5 V muK úoHq;a.dul n,hla ckkh jk kuqÿ fujeks fldaI 

.Kkdjla fY%aKs.; j iy iudka;r.; j ieliSfuka 12 V fyda 15 V jeks 

fjda,aàh;djla iy weïmshr .Kkdjla ,nd .; yels h' fujeks wegjqula iQ¾h 

mek,hla (solar panel) f,i y÷kajkq ,efí'
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fuu iQ¾h mek, m<uq j ksmojk ,oafoa wNHjldY pkaøsldj, m%fhdackh i`oyd 

h' pkaøsldjg úÿ,sh ,nd .ekSu i`oyd negß fjkqjg fïjd fhdojk ,È' tjlg 

tAjdfha ñ, b;d wêl jQ w;r ksIamdok ;dlaIKh ÈhqKqùu iy wvq ñ,g ksmoùug 

yels ùu ksid ksfjia iy ùÈ wdf,dal lsÍu i|yd o oeka iQ¾h mek, Ndú; lrkq 

,efí'

11'19 rEmh - m%Odk úÿ,s cd,hg iïnkaO iQ¾h mek, iys; ksjila

m%Odk úÿ,s

 iemhqu

ógrh

iQ¾h fldaI mek,h

fkdñf,a ,efnk iQ¾h Yla;sfhka l%shd lrk ksid;a" lsisÿ mßir ¥IKhlg 

fya;= jk øjHhla msg fkdlrk ksid;a iy b;d úYd, wdhq ld,hla we;s ksid;a 

^m%:ufhka ksmojk ,o iQ¾h fldaI oekg o il%shj l%shd lrhs& iQ¾h fldaI wkd.; 

n,Yla;s w¾nqohg ms<shula f,i ie,fla'

Trf,daiq" .Kl hka;% wdÈh i|yd oekg Ndú; lrk iQ¾h fldaI" iQ¾h n,fhka 

l%shdlrk fudag¾ r: ksmoùug o Ndú; lrkq ,efí' 

11'5 g%dkaisiagr

bf,lafg%dksl úoHdfõ úYd, ÈhqKqjlg fya;= jQ g%dkaisiagrh p - n ikaê folla 

u.ska ks¾udKh lrk ,oaols' fï i|yd p iy n j¾.j,g wh;a w¾O ikakdhl 

m%foaY ;=kla tlsfklg hdnoj we;s l< hq;= h' p - n ikaê folla iE§ug w¾O 

ikakdhl m%foaY ;=kla we;s l< yels wdldr we;af;a folla mu‚' fuf,i ielish 

yels wdldr fol 11'20 rEmfha oelafõ' fïjd pnp g%dkaisiagr iy npn g%dkaisiagr 

f,i y÷kajkq ,efí'
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11'20 rEmh - (a) pnp g%dkaisiagrfha jHQyh (b) npn g%dkaisiagrfha jHQyh

p n p

(a)

n p n

(b)

tla tla w¾O ikakdhl m%foaYfhka tla w.%hla ne.ska g%dkaisiagrfhka msg;g 

w.% ;=kla meñfKa' g%dkaisiagrh l%shd lrk úg fl<jr we;s tla w¾O ikakdhl 

m%foaYhlska jdyl ^bf,lafg%dak fyda l=yr& úfudapkh lrk w;r wfkla fl<jr 

we;s m%foaYfhka tu jdyl ix.%ykh ^tl;= lr .ekSu& isÿ lrkq ,efí' fï ksid 

fl<jrj, we;s w.% fol ms<sfj<ska úfudaplh (emitter) iy ix.%dylh (collector) 
f,i y÷kajkq ,efí' ueo we;s w.%h u.ska úfudaplfha isg ix.%dylhg .uka lrk 

jdyl md,kh l< yels w;r tu w.%h mdou (base) f,i y÷kajkq ,efí' 

rEm igykaj, fuu w.% oelaùug bx.%Sis jpkj, uq,a wl=re jk E, C iy B Ndú; 

lrkq ,efí' 11'21(a) rEmfhka g%dkaisiagr jHQyh;a" jdyl iy Odrd .,k ÈYdjkq;a 

11'21(b) rEmfhka bf,lafg%dksl mßm:j, § g%dkaisiagr oelaùu i`oyd Ndú; jk 

iïu; ixfla;h;a oelafõ'

Odrdj .,k

ÈYdj

(a) 

ix.%dylh

úfudaplh

mdou

p

p

n

C

B

E

jdyl

^l=yr&

Odrdj .,k

ÈYdj

ix.%dylh

úfudaplh

mdou

n

n

p

C

B

E

jdyl

^bf,lafg%dak&

11'21 rEmh - (a) g%dkaisiagrj, w¾O ikakdhl ieleiau ^jdyl úfudapkh yd Odrdfõ ÈYdj& 

 (b) iïu; ixfla;

(b) iïu; ixfla;

pnp  g%dkaisiagrh

B

C

E

npn  g%dkaisiagrh

B

C

E



bf,lafg%dksl úoHdjfN!;sl úoHdj bf,lafg%dksl úoHdjfN!;sl úoHdj

66 67fkdñf,a fnod yeÍu i|yd h fkdñf,a fnod yeÍu i|yd h

 ♦ úfudaplh (E) y`ÿkd .ekSug B ysila fhdokq ,efí'

 ♦ B ysfika oelafjkafka úfudaplh iy ix.%dylh w;r g%dkaisiagrh ;=< 

Odrdj .,k ÈYdj hs'

wu;r oekqug

 ● iEu úgu úfudaplfha isg ix.%dylhg jdyl .,hs'

●	 p - w¾O ikakdhlfha jdylh l-=yr (+ wdfrdamKhlg wkqrEm& fyhska pnp 
g%dkaisiagrfha Odrdj úfudaplfha isg ix.%dylhg .,hs ^B ysi we;=<g&'

●	 n - w¾O ikakdhlfha jdylh bf,lafg%dak fyhska npn g%dkaisiagrfha Odrdj 

ix.%dylfha isg úfudaplhg .,hs ^B ysi msg;g&'

´kEu g%dkaisiagrhla mßm:hl Ndú; lrk úg tys w.%j,g ksjerÈ f,i úNjhka 

,nd Èh hq;= h' fuh g%dkaisiagrh keUqre lsÍu f,i y÷kajkq ,efí' g%dkaisiagrh 

fjda,aàh;d fyda Odrd j¾Olhla f,i Ndú; lrk úg úfudapl - mdou ikaêh 

fmr keUqre úh hq;= w;r jeä úNjhlska mdou - ix.%dyl ikaêh miq keUqre l< 

hq;= h' 

fï i|yd g%dkaisiagr ixfla;fha B ysfika Odrdj .,k ÈYdjg" C iy E w.%j,g 

úNj iemhsh hq;= h' 

fï wkqj npn g%dkaisiagrhl C, Ok ^+& w.%hg;a E, RK ^-& w.%hg;a iïnkaO 

l< hq;= h ^Odrdj iEuúgu +  isg - g .,k fyhska&' pnp g%dkaisiagrhl E, Ok 
^+& w.%hg;a C, RK ^-& w.%hg;a  iïnkaO l< hq;= h' iEuúgu B w.%hg iemhsh 

hq;af;a g%dkaisiagrfha C w.%hg imhk ÈYdjg u jQ úNj wka;rhla jk w;r tys 

úYd,;ajh C w.%hg imhk m%udKhg jvd wvq úh hq;-=h' túg mdou (B) - ix.%dyl  

(C) ikaêh miq keUqre fõ' 

jeo.;a

 ● idudkH fm< úIh ks¾foaYfha ish¨ bf,lafg%dksl mßm:j, § wm i,ld 

n,kafka npn g%dkaisiagr .ek mu‚'

fjf<|fmdf<a g%dkaisiagr j¾. w;s úYd, ixLHdjla we;s w;r tAjd úúO ndysr 

iajrEmj,ska ksmojkq ,efí' fuu g%dkaisiagr j¾. tlsfklska fjkafldg 

ye¢k.ekSug wxlkh fldg ;sfí' 

Wod:- 2SC828  (C828), 2SD400 (D400), 2SC1061 (C1061), 2SD313(D313).
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wu;r oekqug

g%dkaisiagrj, w.% ndysr j ye¢k .ekSug fmdÿ iïu; l%uhla ke;' id' fm< 

úIh ks¾foaYfha i|yka mÍlaIKj,g Ndú; jk g%dkaisiagr lsysmhl w.% y÷kd 

.kakd wdldrh my; oelafõ'

B

C E

C
B E

2SD313
2SC1061

2 SC

828

2SC828BC
E

C
BE

^fïjd ish,a, npn" 
is,slka g%dkaisiagr fõ&'

2 SD
400

E

C B

C
E B

2SD400

o;a; fmd;aj, w.% olajd we;af;a w.%hka wm foig w,ajd n,k úg mdofha w.% 

iú ù we;s wdldrhhs ^oaúudk igyk&'

11'5'1 g%dkaisiagrhl j¾Ol l%shdj

 ² Odrd j¾Olh

g%dkaisiagrhla uQ,sl jYfhka m%fhdackhg .efkkqfha Odrd j¾Olhla jYfhks' 

fuys § g%dkaisiagr j¾Ol mßm:fha m%odkh (input) f,i l=vd Odrdjla iemhQ úg 

j¾Olfha m%;sodkfhka (output) úYd, Odrdjla ,nd .; yels h'
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wjYH øjH (  2SD400 (D400) g%dkaisiagrhla" 2.5 V úÿ,s mkaoï n,an folla" 3 V 
iy 6 V negß ljr folla" 1'5 V úh<s fldaI yhla" iaúÉp folla 

^fnd;a;ï iaúÉp jvd fhda.H fõ&" 10 kΩ mßud md,lhla (Volume 
controller) iy mßm: mqjrejla

² rEmfha § we;s mßm:h" mßm: mqjrefõ 

f.dv k.kak' 

² úh<s fldaI hq.,h ne.ska negß 

ljrj,g iú fldg mßm:hg 

iïnkaO lrkak' mßud md,lfha 

^úp,H m%;sfrdaOh& iy g%dkaisiagrfha 

w.% iïnkaO fuys oelafõ'

fuys S1 iaúÉph" 3 V negßh VR mßud md,lh yd L1 n,anh" m%odk mßm:fha we;s  

w;r 6 V negßh" S2 iaúÉph iy L2 n,anh m%;sodk mßm:fha msysghs' negß ksjerÈ 

f,i iú l< hq;af;a S1 yd S2 iaúÉp újD;j (off) we;s úgh' 

² m<uqj S1 ixjD; (on) fldg L1 n,anh hka;ñka oe,afjk fia VR ys m%;sfrdaoh 

iSreudre lrkak' kej; S1 iaúÉph újD; (off) lrkak' 

² my; j.=fõ ±lafjk wdldrhg S1 yd S2 iaúÉp újD; iy ixjD; lrñka 

n,anj, §ma;sh ksÍlaIKh fldg j.=j mqrjkak' 

S1 S2

L1 n,anh L2 n,anh

oe,aùu §ma;sh oe,aùu §ma;sh

újD; (off) újD; (off)  −  −
ixjD; (on) újD; (off)  wvqhs  −
újD; (off) ixjD; (on)
ixjD; (on) ixjD; (on)

11'3 l%shdldrlu

+

L1 B +
6 V

E

C

2

L2

3 V S1 S2

1

3

VR

1 2 3

VR

C
BE

D400

^Tnf.a ksÍlaIK j.=fõ igyka lrk wdldrh meyeÈ,s ùu i|yd m<jeks iy fojk 

;Srej, ,eìh hq;= ksÍlaIKj,ska iïmQ¾Kfldg we;&' n,anj, §ma;sh wvq kï tys 

.,k Odrdj l=vd nj;a §ma;sh jeä kï .,k Odrdj úYd, nj;a Wml,amkh l< 

yels h'
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by; l%shdldrlfï ksÍlaIKj,ska wmg my; ks.ukhkag t<ôh yels h'

² m%odk mßm:fha Odrdjla .,k úg muKla m%;sodk mßm:fha Odrdjla .,hs'

² m%;sodk mßm:hg úNj wka;rhla iemhqj o m%odkfha Odrdjla fkd.,hs kï 

m%;sodkfha Odrdjla fkd.,hs'

² m%odkfha l=vd Odrdjla .,k úg ^L1 n,anh wvq §ma;shlska oe,afjk úg& 

m%;sodkfha úYd, Odrdjla .,hs ^L2 n,anh jeä §ma;shlska oe,afjhs& m%odkfha 

Odrdj mdou Odrdj IB f,i y÷kajk w;r m%;sodkfha Odrdj" ix.%dyl Odrdj IC 
f,i y÷kajkq ,efí'

² m%odkfha .,k IB l=vd Odrdjla m%;sodkfha § úYd, IC Odrdjla njg g%dkaisiagrh 

u.ska j¾Okh l< yels h' Odrd j¾Okh f,i ye¢kafjkafka fuu ls%hdjhs'

 ² ix{d j¾Olh

g%dkaisiagrh ir, Odrd j¾Olhla jYfhka muKla fkdj ix{d j¾Olhla 

^m%;Hj¾; Odrd j¾Olhla& f,i o nyq, j Ndú; fõ' Y%jH ixLHd; ix{djla 

j¾Okh lr .ekSug g%dkaisiagrh Ndú; l< yels wdldrh wdo¾Ykh lsÍug 11'4 

ls%hdldrlfuys fhfouq'

11'4 l%shdldrlu

wjYH øjH ( 2SD400 g%dkaisiagrhla"  22	kΩ	ldnka m%;sfrdaOlhla" 8	Ω iamSlrhla" 

0.1	μF Odß;%lhla" 3 V negß ljrhla" 1.5 V úh<s fldaI folla" 

mßm: mqjrejla yd iïnkaOl lïì iy Y%jH ixLHd; cklhla 

^úoHd.drfha we;s&  

B +
3 V

E

C

LS

0.1	μF
A

B

22 kΩ

² mßm:fha oelafjk wdldrhg mßm: 

mqjrefõ mßm:h f.dv k.kak' 

² m<uq j Y%jH ixLHd; ix{d cklh 

iamSlrhg ;ksj iïnkaO fldg 

hka;ñka Yíoh wefik ;rug ix{d 

cklfha m%;sodkh ilia lr.kak' 

 ² A yd B w.% w;rg iïnkaO l< Y%jH 

ixLHd; ix{d cklfhka (AF	Signal	
generator) l=vd ix{djla ,nd fokak'

² ix{d cklfhka ,enqK Yíoh j¾Okh 

ù iamSlrfhka weiSug ,efí' 

 ² 0.1	μF	Odß;%lh fhdojd we;af;a mdoug m%;Hdj¾;l ix{dj muKla ,nd§u 

i|yd h' mdoug wjYH keUqre fjda,aàh;dj 0'7 V ,nd fokqfha 22 kΩ 

m%;sfrdaOlh yryd h'
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wu;r ±kqug

wjYH WmlrK ( UM66 ix.Dys; mßm:hla" 220 Ω ldnka m%;sfrdaOlhla" 3 V 

negß ljrhla" 1.5 V úh<s fldaI folla" mßm: mqjrejla yd 

iïnkaOl lïì

ix.Dys; mßm:hla Ndú; fldg myiqfjka —ix.S;uh˜ Y%jH ixLHd; ;rx.hla 

ksmojd .; yels mßm:hla my; oelafõ' fuh mßm: mqjrej u; f.dvk.d by; 

Y%jH ixLHd; ix{d j¾Olh i|yd ix{djla iemhSug Ndú; l< yels h' 

UM 66

3 2 1           

3 V

S
3

2 X

Y

UM66

220	Ω

1+

1 - ix{dj 

2 - úNj iemhqï Ok w.%h 

3 - úNj iemhqï RK w.%h  

fuys X iy Y w.%" j¾Ol mßm:fha A iy B w.%j,g iïnkaO lsÍfuka ix{dj 

j¾Olhg ,nd Èh yels h'

11'5'2 g%dkaisiagrhl iaúÉphla f,i l%shdj

hdka;%sl iaúÉphla fjkqjg hï ixfõokhlg wkqj l%shd lrk bf,lafg%dksl 

iaúÉphla f,i g%dkaisiagrh l%shd lrúh yels h' bf,lafg%dksl úoHdfõ ixLHdxl 

mßm: f.dvke.Sfï § g%dkaisiagrh fndfyda úg Ndú; jkafka iaúÉphla f,i 

h' g%dkaisiagrh iaúÉphla f,i ls%hdlÍu wdo¾Ykh lsÍug 11'5 ls%%hdldrlfuys 

fhfouq'    
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11'5 l%shdldrlu

wjYH øjH ( 2SD313 g%dkaisiagrhla" nyq ógrhla" 2.5 V n,anhla" 3 V negß 

ljrhla" 1.5 V úh<s fldaI folla" 10 kΩ mßud md,lhla (VR), 
10 kΩ m%;sfrdaOlhla" mßm: mqjrejla" iïnkaOl lïì iy 

iaúÉphla (S) 

+

B 3 V
E

C

2

S

1
10  kΩ

10	kΩ

3
VR

+

V

² fuys oelafjk mßm:h" mßm: mqjrej 

u; f.dv k.kak' mßud md,lfha 

m%;sfrdaOh wvqu wjia:dfõ mj;sk fia 

th iïmQ¾Kfhka u olaIsKdj¾;j 

lrljkak' 

 ² S iaúÉph újD;j (off) ;nd mßm:hg 

negß iïnkaO lrkak' 

² nyqógrfha iaúÉph 2.5V (DC) j,g 

fhduqfldg g%dkaisiagrfha mdou yd 

úfudaplh w;rg iudka;r.;j 

iïnkaO lrkak ^tys Ok taIKh 

(probe) mdoug iïnkaO úh hq;-= h&' 

² oeka S iaúÉph ixjD; (on) lrkak' fjda,aÜógrfha mdGdxlh;a n,anfha 

±,aùu;a ksÍlaIK lrkak'

² m%;sfrdaOh l%ufhka jeä jk fia mßud md,lh fiñka jdudj¾;j  fjda,aÜógr 

mdGdxlh;a n,anh;a ksÍlaIKh lrñka lrljkak' 

² fjda,aÜógr mdGdxlh 0.7 Vg wdikak jk úg n,anh oe,aùu wdrïN jk 

nj;a tys w.h 0.8 V muK jk úg n,anh jeäu §ma;sfhka oe,afjk nj;a 

ksÍlaIKh lrkak'

by; l%shdldrlfuka my; ks.ukj,g wmg t<ôh yels h'

² úfudaplh iy mdou w;r úNj wka;rh 0.7 Vg wvq úg g%dkaisiagrfha ix.%dyl 

Odrdj IC fkd.,hs'

² úfudapl - mdou úNj wka;rh 0.7 V muK jk úg ix.%dyl Odrdj .e,Su 

werfò' 

² úfudapl - mdou úNj wka;rh 0.7 Vg jeä úg ^0.8 V muK& Wmßu ix.%dyl 

Odrdjla .,d hhs' 

² fï wkqj B - E w.% w;r úNjh 0.7 Vg wvq úg g%dkaisiagrh újD; iaúÉphla 

(off) f,i l%shd lrhs' B - E w.% w;r úNjh 0.7 Vg jeä úg th ixjD; (on) 
iaúÉphla f,i l%shd lrk nj ks.ukh l< yels h' 
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fuu uQ,O¾uh Ndú; fldg w÷re jefgk úg iajhxl%Shj l%shd lrk iaúÉp 

mßm:hla ks¾udKh lrk wdldrh wdo¾Ykh lsÍug 11'6 l%shdldrlfuys fhfouq' 

fuys wdf,dalhg ixfõ§ m%;sfrdaOlhla (LDR - Light-Dependent Resistor) wdf,dal 

ixfõolh f,i fhdod f.k we;' fuys bÈß mDIaGhg wdf,dalh jegqKq úg tys 

m%;sfrdaOh b;d wvq jk w;r ^Ω .Kfha& w÷f¾ § m%;sfrdaOh b;d jeä ^100 kΩ 
.Kfha& fõ'

11'6 l%shdldrlu

wjYH øjH ( D400 fyda D313 g%dkaisiagrhla" LDR tlla" 10 KΩ mßud md,lhla 

(VR), 2.5 V n,anhla" 3 V negß ljrhla" mßm: mqjrejla yd 

iïnkaOl lïì 

B 3 V
E

D 400 
fyda 
D 313

C +

2

1

LDR

10	kΩ
VR3

 ² LDRys Wv mDIaGh weÕs,ss ;=äka jid 

^w`ÿre fldg& n,anh oe,afjk f;la VR 
ys m%;sfrdaO iSreudre lrkak'

² we`.s,s ;=v bj;a fldg LDR u;g 

wdf,dalh m;s; ùug bv fokak' 

túg n,anh ksfjkq we; ^wjYH muKg w`ÿr jefgk úg n,anh oe,afjk fia 

VR ilia lr .; yels h&'
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wu;r ±kqug

 ● 11'6 ls%hdldrlfuys VR  úp,H m%;sfrdaOlh yd LDR tl" úNj fnÿula 

(potential divider) f,i l%shd lrhs' fïjd 11'5 l%shdldrlfï 10 kΩ wp, 

m%;sfrdaOlh iy 10 kΩ úp,H m%;sfrdaOlj,g wkqrEm fõ'

 ● fï m%;sfrdaOl fol yryd uq¿ úNj neiau 3 V fõ'

R1
VB

R2

I

I
V = 0

+3 V
´ïf.a kshufhka

3 = I (R1 + R2)

Bys úNjh VB kï" R2  yryd úNj wka;rh VB fõ'

∴ I = 3
R1 + R2

V = IR

VB = R2 × 3
R1 + R2

VB = R2 I

 ● R1  ksh; j ;nd R2  fjkia lsÍfuka 0 isg 3 V olajd ´kE u úNjhla tu 

,laIHhg ,nd Èh yels h'

 ● R1  =	10	kΩ	 kï VB = 0.7 V ùug R2ys w.h fidhuq'

3 × R2

10,000 + R2
0.7 =

7000 + 0.7 R2 = 3 × R2

7000 = 3 × R2 - 0.7 R2  = 2.3 R2

∴ R2 = 2.3
7000  = 3043	Ω

∴ R2  ys w.h 3043 Ω	jq úg Bys úNjh 0.7 V fõ'

●	 LDR u;g ,efnk wf,dalh wvq ùfuka tys m%;sfrdaOh 3043 Ω olajd jeä 

jQ úg n,anh hka;ñka oe,afjk w;r ;j;a w÷re jQ úg úNjh 0'7 g jeä 

ùfuka IC Odrdj Wmßu f,i jeä fõ ^iaúÉph ixjD; fõ&'
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 ● f,day ikakdhlj, úoHq;a ikakhkh isÿ lrk wdfrdamK jdyl RK 

bf,lafg%dak fõ'

 ● w¾O ikakdhlj, úoHq;a ikakhkhg iyNd.S jk wdfrdamK jdyl f,i 

bf,lafg%dak;a Ok wdfrdamKhlg wkqrEm l=yr;a l%shd lrhs'

 ● nkaOkhla leã bf,lafg%dakhla ksoyia j;au l=yrhla we;s jk fyhska 

w¾O ikakdhlfha mj;sk ksoyia jdyl bf,lafg%dak ixLHdj tys mj;sk 

l=yr ixLHdjg iudk fõ'

 ● fï ksid w¾O ikakdhlhla yryd úoHq;a úNj wka;rhla we;s l< úg Ok 

úNjfha isg RK úNjh foig l=yr;a" RK úNjfha isg Ok úNjhg 

bf,lafg%dak;a .uka lrk w;r ^úoHq;a& Odrdj Ok úNjfha isg RK 

úNjhg .,d hhs'

 ● ksi. w¾O ikakdhlhlg V jk ldKavfha uQ,øjHhla ud;%Kh lsÍfuka 

n  - j¾.fha ndyH w¾O ikakdhl idod .; yels h'

 ● ksi. w¾O ikakdhlhlg III jk ldKavfha uQ,øjHhla ud;%Kh lsÍfuka 

p - j¾.fha ndyH w¾O ikakdhlh idod .; yels h'

●	 p - n ikaêhl p fmfoi Ok jk f,i ndysr úNjhlg iïnkaO l< úg 

ydhs; fmfoi wvq jk w;r úNj ndOlh b;d l=vd jk ;rï ndysr úNjh 

úYd, jQ úg ikaêh yryd Odrdjla .,d hhs' fuh tu ikaêh bÈß keUqre 

lsÍu f,i ye¢kafõ' 

●	 p - n ikaêhl p fmfoi RK jk mßÈ ndysr úNj wka;rhla we;s l< úg 

ydhs; fmfoi jeä jk w;r ikaêh yryd Odrdjla fkd.,hs' fuh tu 

ikaêh miqkeUqre lsÍu f,i ye¢kafõ'

 ● m%;Hdj¾;l Odrdjla fyda úNjhla RcqlrKh i|yd vfhdav Ndú; l< yels h'

●	 p - n ikaêhla yryd we;s jk úNj ndOlh Si ikaêhla i|yd 0'7 V muK 

o Ge ikaêhla i|yd 0'2 V muK o fõ'

●	 p - w¾O ikakdhlfha jdyl l-=yr (+ wdfrdamKhlg wkqrEm& fyhska pnp 
g%dkaisiagrfha Odrdj úfudaplfha isg mdou yryd ix.%dylhg .,hs ^B ysi 

we;=<g&'

●	 n - w¾O ikakdhlfha jdyl bf,lafg%dak fyhska npn g%dkaisiagrfha Odrdj 

ix.%dylfha isg mdou yryd úfudaplhg .,hs ^B ysi msg;g&' 

 ● iEu úgu úfudaplfha isg ix.%dylhg jdyl .,hs'

 ● g%dkaisiagrhla ir, Odrd j¾Olhla" ix{d ^m%;Hdj¾;l Odrd& j¾Olhla 

iy iaúÉphla f,i Ndú; l< yels h'

idrdxYh
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11'1 wNHdih 

^1&     (i) idudkH f,day iy w¾O ikakdhl úoHq;a ikakhkh isÿ lrk wdldrh 

fláfhka úia;r lrkak' 

 (ii)   WIaK;ajh jeä ùu fuu úÿ,s ikakhkhg n,mdk wdldrh úia;r 

lrkak' 

^2&  (i) LED tlla ;ks úh<s fldaIhlska fkdoe,afjk kuqÿ fldaI foll 

fY%a‚.; ieliqulska oe,afõ' fuh Tn meyeÈ,s lrkafka flfia o@  

 (ii)   tÈfkod Ôú;fha § LED Ndú; jk wjia:d 3la i|yd WodyrK fokak' 

(iii)   iqÿ j¾Kh ksl=;a lrk LED, iQ;s%ld n,an fjkqjg Ndú; lsÍu YS>%fhka 

jeä fjñka mj;S' fufia ùug fya;= úh yels lreKq ;=kla olajkak'

^3&  g%dkaisiagrhla Ndú; fldg w÷r jefgk úg oe,afjk n,an mßm:hla 11'6 

ls%hdldrlfuys olajd we;' ksjilg rd;s%fha fudag¾ r:hla meñfKk úg tys 

m%Odk ,dïmqfõ t<sh jegqK úg .rdcfha fodr iajhxlS%hj újD; ùu i|yd 

fuu mßm:h fjkia lsÍug isiqfjl= woyia lrhs' 

 mdif,a úoHd m%o¾Ykhg fuys l=vd wkqrejla iE§u i|yd wjYH mßm:hla 

ks¾udKh lrkak' fodr újD; lsÍu i|yd l=vd 3 V ir, Odrd fudagrhla 

Tyq Ndú; lsÍug woyia lrhs' fudagrh tu mßm:fha l=uk ia:dkhg iú l< 

hq;= oehs mßm:fha we| olajkak' 

^4&  úoHd m%o¾Ykhl § Rcq ldrl fia;=jl ls%hdj wdo¾Ykh lsÍu i|yd ks¾udKh 

l< mßm:hla rEmfha oelafõ' fuys we;s vfhdav ish,a,g u 1'8 V keUqre 

úNjhla we;s LED fhdojd we;' 

Y

6 V

X

D4

D6
D1

D2 D3

D5

-

+

(i) fuys X iy Y w.%j,g 

rEmfha oelafjk f,i 

6 V negßhla  iú lrkq 

,efí' túg l=uk LED 
oe,afjkafka o@

(ii) túg mßm:h yryd Odrdj 

.,dhk ud¾.h" LED 

wi<ska B;, u.ska we| 

olajkak'

(iii) negßh m%;súreoaO ÈYdjg X yd Y w.%j,g iú l<fyd;a l=ula isÿfõ o@

(iv) fuys 6 V negßh fjkqjg 3 V negßhla fhÿjfyd;a l=ula isÿfõ o@ Tfí 

ks.ukhg fya;= olajkak'
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mdßNdIsl Yío ud,dj

w¾O ikakdhl   - Semiconductors

ksi. w¾O ikakdhl  - Intrinsic semiconductors

ndyH w¾O ikakdhl  - Extrinsic semiconductors

wdfrdamK jdyl  - Charge carriers

l=yr    -  Holes

ud;%Kh   -  Doping

odhl mrudKqj  -  Donor atom

m%;s.%dyl mrudKqj  -  Acceptor atom

ydhs; fmfoi = ySk ia:rh -  Depletion layer

Rcqldrl vfhdavh	 	 -		Rectifier	diode

Rcqldrl fia;=j	 	 -		Bridge	Rectifier

wdf,dal úfudapl vfhdavh -  Light Emitting Diode

g%dkaisiagrh   -  Transistor

ix.%dylh   -  Collector

úfudaplh   -  Emitter

mdou    -  Base

Odrd j¾Olh   -		Current	amplifier

ix{d j¾Olh   -		Signal	amplifier

fmr keUqrej   -		Forward	bias

miq keUqrej   -  Reverse bias


