
V 5t" ii
lJaJ

*3.to

)g ';.Lji F -t> oslf jl s Gf r e,.in') r,.i; )-i .sl.l- & ,Sl-b

,;1u:i.J,-u.r

,\KC) .gt e'.-3LL - GC\ ,V) -,-9!-;ll; - (r.r-eY) -*'f-t- - dc o-,-jn' 6=-
.4,-g- .l: eiv* - .j!r=" eW.i;.,- )s-ttJ- \ MO;9..-li -,.VKO

i-t";i cst-

,-S of orLiil p-rY DC eVl-r I tojt J; lt ,+"tr -,t5 .tl ,Slt s c-'l .:*al

4-5 Jlt,iL^ .t-t-,3 clS tt*.;t; .Kit-U-t1 \ -t-t^--tlt DC L-i-i,' J- .r-t q

tt5.rr- -,1r tti 6;l"t--! -ll tlL*Ll ,d-l i=.-^l-Itr.-U JtS iLij,-f-- 9e:t
,>j3-, i-.-o -lr -rqra .o*l € i -t-t*-lll -* )l.r-, Lt-l U. 3 oJu5.i-f

L.Js-t' f st Jt 4 i-e ybs-b t ,J., )lS'd'j6 r..-- jl ,!S 6-S-h

J L: ^-, ,5-* ol),;; , u$:^.6 lJ Jts 'aLi olrri: blt,J ,rV eWs-t

:;l .ru'-,1Lr ,!ly Al iL--;l ,>;$ >iJ=u JJ+ 
"!U 

J> -;r cr-,11) -&"t &ly

,Dc tii,
/'



w DC r.-i;;

dr--l d C:* *,Lr ,!l;il \ :_*-tll0"ro) g";(.. Lli-l ot_J=- -# -
.t_*,-l JlJ.:s Lx-,c ,Lr ,5-lil , \ . oC 

J^ 15ljl q ,rL-.f

,Lr: ,:"-lil \ 
oC y' rsljl q 6 ,S_t* r, rLr ,i-l;,il ti -*,L"r.r ju-l ,..1,- -

.+t-.f ,-,rtS cJ3 
,.., 

t ,. Y/o .:_9J> 1) jtrl-l ,.f-l

l.-.: U r*1- 3l r-.rf aS )j;-Jl; {F) OU-, c.-_t -,e ir,S olJi:i,- -

.L, tr

Lr1l.t, ;l ,# -rr 6 -t+-p o)j,r i rr-al l, B -*i; t- Lr ril-r=i,- ,)rlje y_l 1l

q o+y! .J-:U 5<e cll.r--7 6* jtJl d.,|.*ii t- t<.,lLL 6tL; ;l.ll ;(-,
dJ--l iL-" 

-,11 
n5:r5 t-j*- rll3r,r, ,j;LJ", CWU r, l2 Lrlr+;;l; ,r9g >_)r,,

le tr-,-.-f' .-i-1, J ,_,-tl1 JJ<15 L-i;"' ,c+tj \u; 4i_tt :l die Q)s.t

,*- ,-is-t U--*. L-'.i-l -,1: y .ri.1l: ls )f ,s."V 6l-ly J ./-b .i. r,o 6 rra

;r--l .5t gil -,rr tg5r-. t,!,A)J l-l jti-l {",..r,' t-.iJ ,*t L- )f y u-E ,_iss

)l-o-*l ^-i 
I.IPN :_p_llt )s-f .f l, -&-t L-O nt, J) .t'L. 9 L-ly ui-I,1i

€r,l 7_i
-lr iJ:*-l a+ O/cc) n-,-j*' 6+ jtiJJ ,\ - V .$:{.lr f p r,_j; ,.i,j1 1.:

j o3)4 ,ja :-t*-ill *, q R, I R' ,-f::i -t- J € R, J R' o,.9LL

r-r-l-rr l.r--; s*'lR, c-.lLL r f juJl d-jlJ,lJ, -l -tj U-* ,-,*jUJJ 4+::.;

4i + r,,-r dL--,+ s ts6,l R, ;lR, bL-fi i;tl,: ..,i ,'(,-r &-;La r., ,r-,11-Li

:.r"l-*Q c*l;5 rt -i ,-,i5.f R, 
-,11 

6 j!_f
IB J.=Iy =It

=I. L I- = 
vt'

r ' ' R,+R,

t

(

t



.frtfJt.gb.ll.tr .t(.it';i vA

-tP-tlt ,F /. r,-j;j t- jtJj fi-r'" t-'i'i; "f:, 't - V J<J

'l.o )Jblr ,rr-tti ,rj,q jf:JJ frii ,)t-F l-,f ;-S '* J\r F)-r*
l

p'r4l: )l oot.r-l tr l-r ,sa bl-g €liC.r-l-rrQ rc-'ib ,''al3'- {Lt-L" r'
:g,-tJl c-*: r.'

- \( Y"" )In="[p,*p"J
ljl c*,1 cr-;Lr .n:jtJr -t

vs = r,R,, L. vB = *,1* ,

.,1: <5 d/-l q n?rq . ;.rl jU3 i-t''' 4;ly r.;"lR' '':"-9ti' f S> Jlds 0Lr 4t

jUJ-l jl l.; CVar = ./V V) ;-r,l >32t I rr .-:-ll .;-.lr -rt jtJj ;:'' ,Slt ,F
r"p- Fsd.#

Vs=Vr-V,' t- VB=V'-'7Y

i L.t, ;t ,#jtJ3 ;r"5^.o J IE = 
f -r', el bL-r ,s*' $l-1.r+l-rrQ -r

:;l .:-l cr;!r CVce) ;-l-v:S'SjlJ-l -l 'r'-i,r' c-r 'rV":Vt"-t"n"
Vc":Vc-Vs

pjY ,r-d"f r;i-S-E 1r .IarS gr*:1 ,lL--,rz 6 'qjr! ,-tss ,ll 1: 6 r3'iirr oJ"-:

.,[5.1--l t g-A -Joizr ,1x tslr iL-r +il! 's*jtJl L-t*r 'slra 
o*t'

^J -t.itt € tSi,r-r,.lL-:e 6 .;:,1r3^l 'JS,s' rio:L l-l .r*i jlJ: o.-E

.r*r jlJ-l ;f #:"; bL-f --P ?--t' 'il-',+' rr-iL dlri ..r*r jtJ-, J 6it

l-i fr c-l s -;rljtJi dr-2 c4ij ,P- "r-r 
jtJ: c.)r-9a r![i ,S* :t i 13" 't'alj'-



Vq DC, i,-i,i,'

-t-.^l;, CV.u) -l-..11 )j5JS ./uJs s G.) IJ,J(IS aL-.,,q ,ral dU-J.? d:..,,.i ;"1'i d,,
cr:*J).c-.a! elL-r'7 u,--* ---e drlJf;i,-rt $:- )lS'^Li r9-> r>ylu u r>y

* ls * *-f j=* .lt-ra a*l JS." Qi ,..;[-ra u'--* ---e -n 61ltt
.r.,1lri 1lJ, t)b -t,5rjl' 6 .r,or

d .t*1 ,f-l lS,l J-tf )f r tj; ;l-t ,-?l-b tt 6 S-&.t ,-et

,tU-:+ p-5 &f ;l eJ c.-l ;,-l 6-.1l.t-U, c-Ie .r;b St-t, oy Ly l, J J Sd
,JJ;.(IJ )l ,FS;l ,-1 o[.r* C-l o7,r3,.i r[-y )-r*'-JlJ u* 1f cJ[r n,'I6

&.jLL ;,-l 1r jtJi cll ,:15 4 Re .ljLL )l s >-rC OV :-t*-tlj ;41 ;l
i u!l) ! o+3,! cc--l g rtJ,r:l jLJ; cf- Vs -slJ.l,. o* J )-r-€ Jt\)

d,.l.-S r.g;r J IB u:^l5 .'.pL oJ--i, f -r-t*-ili V". jU; ,(Vu:Vr" +,RJ-)

;: Rs c--jLL )-rJ -hV ! 4,-i-,' .fss 4-l i,L'-F ?--t' p) ;l .t7;u"lc

?_* ,-5ty. * )J- d/.1 n5 *t-"f .-,rt5 .:,"F ?--t' e)*J-,\j.;."1 ;1.t"

orLi:*,I Rr .il;l-r-. 4-1 .Jjli cL. -,11 
,,Jrl ,..-..c d,p.l .J)f u-bl Slt.t-1-Jr-l

JL..jIAC Lrly' t:'1^r RE C-,JLL 4t U-t c J 
",r"q 

.S! ,l-,t- lU q ,y-"r
' .)_# rla.-l .11.t" c.-* ---e J) d)L-j &il 6 t-rC C-! -l oJt otijS

;qv)i ;r)
L-j; ,l.t- ,S--,rs* (0 bQ.f c--.j;; ?--f \ e :-*.-ylt ,Sll elf C
jls ,rl-.oi,-:,, tr) -,lr l* L-1 .2s 6;S'eLi;l 6 ,*5,r, gl-b O:* >-if
l-r R. J Rr ,R, ,R' 6t-6:"yLL 

"r:+- 
,g;31.t" ,* ,fl-b 11 1$-,J5115 ( V6s

.c*1V." 1Ip,B1;^i'l:

,lL--,r ,pr*JU", r-.a,- ti J +,q )s-y )J, GJ) J lJ Y - V 
"|-(i 

.,11-u 
(-iJl

-l--:U a;;lr l-; lV 3 AV ,V V ,1V ,0V ,[V y->t;" V.. 6 .t+: .,::-- C:* l: 9,*
-r,.1-ei c-r \ )-r*-,lJ ,gl1l;1F L* Jlr",(V-\) Jl.rt rlrr5,!"tS )1 '*. I



,-*t.:(it.9b1l.tr .Kit ;i Ir

i 6-tV 'o-hi J $; ({ \ 2.;-.ylr, -,! E cVcr .t'J Is .rllf 1t-J ti J

.t{ J..- t 4*b Vce J Ic tr ltr Jd ,l-l bs

Vgg - tP

.5'l -# V6B .;lri, J, ,,.-- I *:*4r.,-- tt.Y - V J5':

L*|eE!"\-VslrJ"

V." I,V 0v 1V AV qV

IB

Ic

p

b-r P'

r.!.*.) : 6 .J.sS'a-Li; ol-a;J,' J Vcc=\YV -9 'rai (:r) 4' h\" fl
R" -l R" ,R, Rr a-.i &c=\,R, 

"fi 
t J J-1..t Vce = A V 316=A mA 

'J'-lor-,1-9i

:p,--lli c,-r , i7r L-j; .rl.t' ,-?l-P ,;lt.lt



^\ 
IIC q.il;

VCC =RcIc +Vcp+RrIr r Ie =Ic
\y = R. (n n t.*t )* (^)*.rrn. (,r r'' .-t )
3 \Y =.//.MRc +A = RC = totlooC)

RE =./lRC = Re = lotoQ

r)

,Ic
't= p

RC=[v.0,RE=[VC)

Axl. '

= A,pA

Ir = Y'Ia

- I, = r.(,r.) = 11. .pA 
= Iy

VB =RgIg =tvxAx\,-Y =rvl x\,-Y =./rV1V

Ve = Vg + VSf =,/W1 { r/! = \/.nV

:;*- ,r;[il;'-l yrLi, ,t--{-tS./Ejl ti

:g':l>

:.r,_U 7.0 >jJ-> 6lL; 6lr,

:iLl; 3r 1l

::$u, aai

t..

ur=*H,vcc=(R,+nr!,

Rr =.ltyKQ . R, = VAKO
a

R



.#t.#t,9Lr2l! .t(it j AY

J.r.r+ ,JLijf;J.J -e)-r -11 orLi;'l ! I -r;5 ,?l-h lJ f-V ,$,-: -,11.r, .t3i;i

r*,-Li,,.r+i"-. rl+) tu.r-l-., a--h :t 6!q5r,.rLi, tr f .rf 6,$qllit lJ Y-V

..'5

s1>r- u-j*- rl-r. 'i- L?I-P I - V J,<-i

: 'k ,L-h )l ,rr r,-j*,- 11.t, ,-(1 .,1: o-r,i cr) ! 'iL; csbjlJ-l i--U" 'f - v rl.l'lt

iJ.r, c.r;91--7, tr e+Li \ ' :JJ- .,r l; +-y S F ,Y - V J.C, ;l-t-. 1r (,-.'*

lJ 4+"4 j oJnLl, fly'cs J I.) ;5 'oLjI ,>l-o;,i-;: l-2 ..'li 1l 1 x-tlt$; )-r*-tl;

NPN 1r*,- jli ,Sll c1U i,-j*,'11.r"*

i::\t'; Ly U-l 11 r,.Ll c-..iE 4,:^.r^ oftJ\r,e,-j;;-l-l .l.l -r:,J-l?

o-l etj;..ti s"-F ?*t' j jorL .,-jn' (/ d,/.1 J+J^ .x--f ,g c4ti L-jn-

Rr rtr
+

o)_P

vo, vo, VR
E

V
R
(:

v", V.t V.. J!i".SL^jlJ-r

| ,6r3,;lt-l :.r-L^,o

_ -tft)"
a-t-*":6-l_f



Ar DC ..a1,.,

d{lj-l ,-#1" o\r t*-lt;.r-t$*1f L ly; r-2lr 6-# ;slf 6.rl.l-t1 J:
)l-S 'd;;; 

-,1 t- I r-d ,ti P-t-,-).cU r:*l fu :-*-ili dJ.i f-i ! r +t-"f
.r-r eV rJ:, u>l;b

-i.tU t-et--f 6 t--..j ,-l orL&-l 6tsl_f t) ji* ,,-t*- ot"ls yl -,11 y-lrrLu

.(r.- v j(-t) ,*t
-Li vcc

lr"

NPN,,1-.-,-711 6ly crt' L-j); 11"r' t - v J'#

IrIPN 2.9;*r- tli ,Sll .-ni I )jSJS i.,-i;.ll'r't

- .i ..
?--t'.rr-l d dr ora, Jt(-i,l ,.:*l .-,ti r,'sin t)t'il 4l J:l- -b :t +-*
l-r l_,--j ,*,1 4 cal,i L.j*j ,-rs: )l ;jf ('stlJ,.! -b :l J: c*l ;i.c--p

C.+itt ,t2J34R6 c*.31L jl .rL.-,t ,t-l o*,Ic Lrilj-il I U*-rl..'A* 7f
, vcp -vse

rrn = ---1- ^ l!l) j-b f *iL- Ft5 Vce JII;, (VcE = V66-R.I. iJo',1,

"RB

;r .o+l lr=ghlrt-;,:i-"i,u" Ic uinl5 drt.l )J- 6 +t-"f ,-'otS ,4 clL-r.t

,:rS- 6-); JU+ rt5 'oLld J u),Ss -t-*-ylt ,)jSJS ,lU.-f 'PS ! ^+11,

.(o - V J,3) ,JJL,, J:L;" o.t^i .?l.b llri" 1r j

J.r-t

L
lJ



,-fr t.r(Jl .9te1l.r, .t(:,-t ;i

l4*t,

lr"

NPN 2.-,-ylj 6la od ^'. 21SJS i,"j.- .;l.u .o - v J<J

j* u-.*
rJ,Jl-l',i L(.i,,lJr- .. rJ-ru

vcc =rrr

.R, = 1offi

.;--r!101tr;l ;f L t

t\J
vaa

-vR

j
vr,

J

,
a
I

:
E)

t

lr Vn, JVRr,VRc,VRu,VRa,VBo,V"u,5[ajtJ9 l.trl

.-rpr pl+;l ls il eW-L.,i.t31;i

\
iva

)

,J,

n r\.

-

flr = 6' *f)

RE = rTrlc)



Ao DC r,i;,'

!f : Y, \ i-"",-i Slar-6lr-(KVL) 4;'ry,U;l orLi:*l ! (,_Uf

.J.5 J;i-,- l, ta;l c* ,'t),grSolltjl jUJ 7_rLL J)l:;L_j

J o); 6j,;ltl tr ) +5 +-t- t: s1. ,-at;fly'ce: I.) ttj j,Li.j (,_,

45 a.-_[,

,-t*t
f-ril-t5 :_r*_tlt;tSlL;: -# st tr ,yb J! _l

fr.,1b .gjl 4? ).1e _r_ L_jn -,11.r, ;r .f! .Str djl, _y

(sJr 1/1Y 
'C) 

.r5 r-t ., ts .*t )JS)S ids t: 
"$.: 

rt.r, J) _f

Vcc - lt.4v

Rr

4

uu- f9*
F, r?n

. lrlv

= 3.'.2n

'lst''\?'

r'o fn fic

t1r kQ


