(op—Amp) @U&G OGS s g

Operational Amplifier

&jyi“b/\:lﬁl&bj

QTJj)K)éWSAA’SQ}EdLD)‘MM}w)jIg&d-\b

:c\f;))dejllé.:s\o.\iﬁf\})'\J@J\Qlﬂli)'\m:deéjéLbJM

S w1y Lol (635,55 b saiS g 515 A

oS duglie Oy g0ty llas 5AS Cy 58 5, 8 N 0
S o |

op—Amp 5l eslizal b 1) eaiS sgame lae 2NN

) (g s g0 S N Y

s.us;,i}s:;mmw\,J\M\C,‘Mu,&"_\r
S s lebes

S o | S Yy S 5 sl 1Y

CJw ‘)szwcﬂ}aﬁ‘l’ﬁf“‘a‘l)uu‘;j_\o

a3 gl iy 6 S sl I g N F

uf))e Sl 55 0 o o xb g Jesl So S b
23 Lol bl o)Ly saiS g Jas 5o i el 25204
4 Op=AMP & 3) 50 53 S g Jos o> 12 O) g0 5
cop2 3,8 Sl il 5550 Jas Sy 58 K ol
JAS B il (sla g, 4 s g0 SAS Sy o8 JS o o8

S

S o 5 e 548 o 5 6395 Bid

S o 1) Sldes SaS Sy 585 g > didb Y

Ly 8l 5 Jlol sllas a8 Cy o8 Olasdn -0
S

DS Lo g Oy geoy Jlas 5 Sy 55 glao 57
L ) cue 5 b

el 1) lles saiS o o5 5 oolizal b 3L 1o Y

Ry
.\.SJ.:J@J \)o.\L?SCQ.'.»)\.M_I\

sdual Op —Amp jlainla S Sllae sbonS ey 55

Cop2 & St paien S S GlaadiS o g i 0
Ca g 2 )13 0p ~Amp )l S5 sl 5y o s
Jomily B3 o] lagsanng & 1 cal by el WU 53U

100



OP—AMP (3 gui oo sdliiin 55l hlisl sl 5188, sbylen
o Al G Cate 9355 5 (e 53505 b 5o sl
Jpdis (Ve oo (6,800 5 st (S9) 0,le DC 3 55 -
Sl g oy byl 53 1 5la sage | saS s
S g oy Ly 4 b o Y pama 5l e 50

Sy s Jols o r‘;‘«i-’ Sl VY
ks

58 S s lan oS S VY S
slaw gllee boaScy st il sad ols ol Sldas
sy 5 Cliss (GBS g0 4 5,15 (90b (S S Slabas
S sl S pl Sy Sk g 53 A amle
LIV PV WO VO PLIVOWE PV B W P

(ol 58 &y 58) (535,55 4k (A

(U s o i) Sl aid (o

(o Oly 5SSy sB) >y &~ b (O

\/cc
[ ]

303
v 3
T O susSey i [ suSeu i [
Vi o e Vo
— o— o | =0 |
13
S

/b
—Vcc

Slbes saSey b Jo s ol Sl Sob VY IS

WA gz i (sl
@’Lglaﬁ Sx:fq,.i:daiji.l,b_V_Y_\
&éwngﬁdJ}))w)be)Lw‘SJ}L‘:’L@Q
K Glogar s aas oyl 5 Loy susSey &

161

S5 A b ptinn )3 Sllae sy i .5 5 22l
Sl dlewd oly,l 5s ool b 51550 o gl 8
ol ol s Y plisab] s S 8 slal 05 bl

)l 5 0

AW IS el (s 2 LS Ty pi5 V)
ol

reaS Cy pia SllaetuiS Cy g5k bt
ol 835 0L Sl S5 ey S &S a0l ol
Sldas ploxil 1 5 azils @V 5, 4 5l bonS ey 5
Ol ol 5y 50 e 5 00 G pea Wb 2L
o 4585t 505 30 S g 50l pp ek i S
Olarial gllae gboniS ey o

e

ollcws ®

ol s> @

ol s S ase by sas asle y 1)
St ¢ gnalS i Calids glaaia) 3 boaiS ey 5b5
6@&“35;@&3 *Jtiem A g i @L'-‘ Dbl &S
X JS 5 llad (5 BL) ol L 5y g0, 4 (5 S 05151
0305 oL Y=V S )3 (op—Amp) Sllas suiS Ty 55 & go

.ﬁ;\ui\bo\a.ﬂ

St (82909 + @—i]
Vi
ST AR PR a—

—Vcce

Sl sasS ey i ¢ pb K sl VN K



MOASUE 97 9 (519

))&’SJJ Ulij"c“‘" J««.SL;G GJALMJiw).)Ag%“-UaLm\j
w8 8 5,5 (TR 5 TR) (63555 Joms s Slid sla g 515
YLE )};ﬁs ).) ‘) )‘.»\A éﬁtﬁ.} C«A}L&d Ulij’.' @.2.,: d‘ .Ca.w‘
ol ki M b5 5 sba U5 g o S el
el o Cuils dm gl gl ol sl 4 51l
S g 203 5 O3l S 8510l g dib 6055
50y 585 B 31 da Y pane  sate cpoy i S2alS 1 3L

38 )1 el el i S i

Vi Va
+Vce
TR7 Vo
—VEE TRg
.—HTRé 50KQ

—VEE

Sk baSeo i Sle 5 93505 Olib —VF IS

38330 olhe W K bale Judow VYY
$2355 4k TR 5 TR, (sl st 515 V=¥ S8 o0 (Gloe
S i, 5O ) o dims o S |, JolseasS oy o
o SReaiSy 8 TRy 5 TRy by gaas 515 - Silodad s
sy S 3y ke S s S s S
Ly ol saSey o ol g TR, 5 TR, Sl sin sl 5
S i 558 T Ll TRy ) g3l - aibo o S
S234kb (o uilial Gedai Jos Ol 2 a5 e S
Forl Gl S L1s TRy 55255 515 0084 |y Gls Bis
5500 8 40k 5 s o s 188 Ll S i
e AS ey 2y b V_Y_F
350 Ol Sl al slles 5080y 08 S s & D

b ol poa sl 5 0 s hS o s ol 5)ls JSli S <y 5k
olsla,8 1 ool 35 50 Gllac S8 o o8 6 635
S 23 e 8295 ilieal Sl al Gldas saS ey o5 &
Lo sSdls 0253 (olE BAS o 5 dad 55 0l g gr il
S sl cypo o pls 0 8 olinnl FET )yl 5
oo Sy |y QB SuiS Sy 55 b 55 0l g5 g0 el 5L 3 5
IR
boanb 5o Joli suSco,m S VY o s
RO PRV I RS I J I W IR s P
b1 oS o sSan b (9355 5 Vi b oS sSme (635,
o Vi So505 4 1) S S cmles S pasia VY
JB (2o 5o 5B GNE Ay VA L5 s i
Jos Vi Gogpst 1 J&w S1 i pd ol sanlis
a0 3B O a Cu s 3l ey a1 oS

i plb
e
R3 Ry
Vo
TR; TRy
v
—Vcce

e Sy 3B S (05,5 Wb VY IS

S ek SRS g s b V8

S ol ge o Ulas 5L Cu 55 3 U9 Ly o g o Sl 5
S s uenl 308y 585 Ak w51 Mo saS 41 ik
V=¥ U s b o gl b ) Sl (1A s S ool
ot oan ) Slas SIS o 585 4 5os S Gln 505,540

16F



o oy Cooslie Y

tCalgs S 5 T

elgg ol i e =Y

Sl o 0315 Glis Oleasedan o1 V2 # S s

e s Wy e Ay=oo

P (25 P i) s

Jlon) Fldes sy 55 Slasuin —V—F K

t %)y Sldas saS ey s Oladude YY)

SLal IS Jy 3510552y Jas 5o Jloay] glbas sasScy o3
VR Oy SO P O IV VL PPV Wt
o)l S patme gl O g0 Slles laonS ey i
o XXVEN Tl 5 sas & e o a2 (IC)

"’Jﬂfgf’)‘}“-;j’x-‘?li);\j}wxxdl{»&. LSS
2l 31 g 55 PAYEY LMY (6l sl Jlo ol sic

.L”aw‘ .))‘_}A

Sl s LU VY (6 shonS s g
Pk T

Zo= 3 casla=0:Q

Z.= $35,5 Conslia = YMQ

Ay=3ly5,e = Yx)e0

A=olai p=0x\e"

Gl s enls plis V2V S 5 Slaseda

16

MOASUS (L g7 i (51

S b (2 ilaal g lls 5 48 w‘L Al sl
Op-Amp Sy 2y b 1y Jsare S il 5
(S et el JoSa sl yia 515 L i e e
e 5590 53 St o 5l e Gllas saiS o 55 J s s
AadMe 15 gl 25 g1 daid 5 3 g g0 i o ol sl
s Ym0 IS5 )3 gles Sy 55 45 93 G s ke
LW PR W

als ol Jlpe Y20 JS 5l 51 8 oo ARSS
RIS

ol gldas a8 oy 585 S Sl Y20 JSCs o
o 3 Sl 82505 Db Sl 5ol sad ool
.x\ougﬁcﬁﬁ)\

oSSy o5 IW;L:J, SCu i lesl sanSey 4

e
TRy

R6

By
RsZ39KQ  C1==30pF

TR: 9
2 TRy "y
73

TR
TRi9
TR Frrg TRy TR Ry
TRop)
OFFSET OFFSET 2
NULL
R} Ry S Ry R4S 5KQ Rug R
IKQT  S0KQT 1K S0KQZ S0KQ
. o2 -V
Jy Ml

ke Sy b5 S JulS e Y0 IS

Jloy) Glbes suS'ey b5 VY
& glaria syl ab Jloa! SUlee saS ey 5 K
Pl 5

ol g (§35,5 Cunslis )



Jusl =V 54V sbal o ol 5 o € 35Uy Slas
£y 50 51y ol o ol Sy ALy ¥5 Vgama 5
+3 30 g yIwis Op—Amp Sl

Op-Amp s~ &b 1 2y L V¥
Ry S0 b 5o ooy (RY) L sl G b S
adenad (25 > 5U5) Vi Slaie ol o Sl s dais &
3 g 68831 e 4y S

op—Amp 4 |, b Cuylie Jlal 550w V-4 S
o g ol

op-Amp & b Cu 5lie Jlai) § o0 —V—4 S

o Wy et (2 A S o VY
iy by as opl 5l Cos iz slyls op-Amp
om® Op—AMp &l Jlas o 2 b sin ;) 5 4ds
Op—Amp Jobs o stuan 515 sl 5SS (55, 2 g0k o
Sy Sl aS e sl Sy ¥ I ssue s g3
HV=Y) & 2y Bl 5 S o £V L 1 1 4ds
Sy L +Vo werSbe Slake ey 0 Sy (V- L5 &
Jlaks vo SLe 5 (Saturation Voltage) +V, oo &Lw,\
Sl b b el (V) (i p Ll 5U, 1 Vo i
e 5 ghin 5 St g Lt 5 0l 55 o OP—Amp & 5
PAYEY 5l op-Amp & 5o S s Sl e o)l sien S
gLl 3y lade el R=YKQ 5 &y V0 o) 4aw 5,
AV =HV=N)=H0-Y =\YV L el )l oleds
+V, =Y
Al 5 4 i gl U e e 4

85 et 58 o 45 Oleabein VY IS

et 5 Sl glacile g sl o b2 0T By
Sy g8 gwdT 4 sa x> Olasis Datasheet.com
S gl | Glas

GBS 5 Flas Sy 45 gl V¥
ol by p

sal bop—Amp s : agdas gbal _Y_F_)
Q)m%ﬁ@qx\owW—V}+V@)&s\g4§
5 st o Cute b a0 )l L5 aie gt 0 Jeos
Y pore bOp-Amp &% 5W, s ol ((p03) S il
B RAPESY R PESAIRAPEIR EIAPES & TPRCIRT
435 e S b ol pels op—Amp Cunl (s L3l
45 35 (e 4 Canmd) Sy Y0 Dl it 5 L 5 ool
Sbal 4 b 5 4dd aie Jlail 5 VoA S 05
L g ol op—Amp

+
— \Y% +V

_

+
-V Rp -V

3

op-Amp bab & aik Jlai] VA S

16k



Al G355 4 Cumd St &L (63555 Joily € S

2 -3 5gh e OP=AMD (2 A~ 5y el Coe i

j‘j.' QJBU\):VO)\.\L: h:a.w‘ Vd:+EJ‘J5.a V_\ ° ‘}ﬁw
:L.C..J

Vo =(+Aq)V,

035 oS B 5 YV S sl S 5500 0

st b 05,5 5y Cond | e al 635,55 55, lake

Vo slais 5 el Vy=—E Sluie s ] 53 a8 o i

PO gul (g (R () A

S 45 3 L E g Jlil V1) IS

)M 0p-AMp L3 S pl e 4ods ) sba

Jeaia 5y e &0 b s 4 i (25> 515 (o)
ol Sy (03 4 S OP—AMP e (§35)5 4 ol
S s b S 2y 5 Ay va) oolea b
i) & Cad OP=AMP il L & o Joate 515 42,0
551585355 Op—AMD s $3555 4 Jobs a4 o]
Op—Amp Cuce (65,5 5 (Inverting Input = s a8 v Sas)

.4l g (non Inverting Input) fo:,)\,t Saas |y

Ao, Sty il 312 55 40 V0
(Open Loop Voltage Gain)

5 e o () S il 6 S S
op-Amp Ll (pl )3 il 42l 5 52 5 Op-Amp (55,5
el 3 15 Wy e -l sadeslinl LAl O ) son
| 3l il 5 gy k)il s 88 gbslen il o 5l ailm 3 g
i Sl 5o |y op—Amp YN Y JS s e LS A L
c3 g GL (S 04) 5k

166

-V, =—(V=-Y)=-(\0-Y)=-\YV
_Vsat: _\‘ﬂ C"l}

Sl BV VGl VoKQ R, S
-k g

S e Vsam 2y p 0bp —VF_F
0 2gd 53 b Hlake 4 a5 b 5 5500w Op-Amp > >
slae shls YEY L bop-Amp  pas .l VemA b
o 2 250 S35 b bl 3 ol a5
JAA“'L;L:A ‘Objéwﬁ)jbdauhﬁ)\m sRLbL"}gJLaJ\L
4‘.6‘4"\*"L,—‘.")j—""JJ"U)sJL‘-‘J‘,})j{‘@)-’Jﬁﬁ‘;’)l{;“f
- dwy g0 Op—AMP

slls op—Amp : g3, sl Y_F_0
U'a',""*‘ -5t LSLbC«.A)\S« L ‘) Lb‘je\f S| 3908 99
ol 25,5 sasly 1) $o505 55 ol A8
5 15 -aub w5 (Differential Input Terminals)
26 (Vo) s 4 5y slake o505 4 55 Jlesl &) 50
s s w2 5 (Vo) G055 &L 5o o 5, D! 5
Sl (Agy) 5L adls Sl s oS ey o

sz A‘ &}"p}" f-é-‘ ‘5)3 Ls‘j (AOLZAOpen Loop)
S 4 VN e

@203 sbab & W, Jlasl VN - IS

2 V= +E NV e K6 5o cl (5) e 60559 5 ()
o Vi< i YOV S



L gnh 5 s (+\\”V)¢b,:.‘tl,,:\5u},\m)'u|;ws

s Vo= 1YLl Shas 2 > 5 il
VARV PES

S5 65 5 5 i e o) Y0
Voo s3lal a gas,s 3y il b VY JUa 5o 1 (V)
gl o Ly s 5 30500 pleil 4 0p-Amp (s
Sl a3 1y 525, SWs Aals Sl aas a1
55 pluila 2 oS

33 i Sl Vi 13 Gl VAV, g
] Sy 5 Al Sl e p Ll

+V, +\ ¥
V4 =_—sat _ =souVvV
max Agp  Yeoeoe

gloil 4 Cute 63555 Sl s 0p-Amp &£ 1

mjula—b‘d})}:a'i'?oJa\j ‘)Vd'}Lﬂ))\J:uJA"L'sJ}j
ot o a1 e gLl s oy 5 51

-V, —-\Y
Vi = —2L = =—souvV
dmax AOL Yooooo u

+70 1 ooy Jlsl b s g g0 sliis 5 sblen
glatl 5> (255> Op=AMP (355 4 ys S —FO L
PO 51 S 1y 53505 55 b s 3,8 13 e b e
My bl plila 2 2 b oS sl s S
5 eadolonl Gy 3Lb a3 5 el b Sy S 70
Jost 5 o3l g sl el Bl 51508 o bl
Nl 55 52 5200 55 QW la) 550 o5l
Sl FOUV 31 55 S50 4 Hle 50 55 50 2 gl >
R3S b 5l day e (YY) =V oo onV s 4 26
Olalas 4 by o sla il ) 5 aile 63, 50 s 4 bop-Amp
s 5 Ja b glasle )y g o)W pos <l ol
= Oy Pl & e Gl (S 55 )8 pae
Oy geod Op—Amp | ogm\%&“\ju .3 g Op—Amp
el oSean 3 31 il

Sb s O sy Sles saSy i YV Y S

Sty 5 4, 5l s A W lade Sl ol s
"y

o M= ol (60,55 55 x 5L AR 515 ¢

Vo= v, x Ay

Dlaae ad S35 op—Amp Slaasis j5 & bl
4 5 Sl 0l ool i slOp-Amp sl Ay
WL RPN

VYoo mV i YOV s s S1: V2 Jlee
s BV gLl b o 2pm Sy 5 Ag = Yoo
S damalona | Vg il

+V=+15V

V4

-V=-15V

VARL N

Gl 5Wy 5 5 oA S el 4 ae 5 L s

caols b
Vo=V, Ay =+Ex Ay
Vo=(VeoxVoM)(Yoo,000)
Vo=YooooV

55 s a5 OP—AMP (S Cussine & 42 5L LT
s e u‘°”" th SML C«!) Yoooo j‘j J.;‘j@ L;")J"
u_a.,f.)l;l, €395 g0 LnggLo“J).Amdodo};L)\Jnui‘ B

167



(ﬁ})‘}) bu\xs‘}u,&d 3.\35@'}33 =Y_y_\
AS S 585 K V=0 S s : (Inverting Amplifier)

a3 g U | oS e S

Rp
+V
Ry
—0
b
Vin Vo
v 1

G ) 005 M8 dmpr SIS o &5 5boles
20,13 Jual (ke (63555) 0dS o sS\ae (6355 4 Ry Cuaglie
odes b (63555 Oled & Ry Cunlis Jaw g SIS et
o3 3 4 (Suin (63555) oS o Sas 1 (53555 - Cond
LI PEW:

5 g Aeeloee 5 Hlus sole Jdow g, s fbe Ll
saiS o gk 4 b gy o SNl 51 sl5 a (Agy) Ay 4l
oS ool 5L adl>

Ao = s Zin=o0 Jlem! S 5 5 5k ads 1o o

S3505 sbal ol> & el ) [’}#" 4 Zin=oo
Shadls s ,pdaly 4 an 5 b e )5 .Gl o op-Amp
RTAIN Vo .
:W}éu_’)‘." AOL:V_‘ﬁ'
Mo _Vo _, d

Ay
2503 SBab ol o Jlokl e Sl 3 2 g A3
Yooooo spum sb sl 5550 5 el Ses cop-Amp
L s 8 gl Jle 5o iy w alis 1, Vi e Sl
Nes 5 ysba |y Vi Slaie oly 0 & Cul Sy San

W;J"U-’Jw

16V

0p~Amp st il gl il 5 o 4 S 20T 15

Srise

A & Mo O)p0n Wy b V=7
(Closed Loop Voltage Gain)
Jwaw g wb BoaSCy oyl wisle op—Amp
(gl s=l) IS ot 05 1 o) 5 &S CusB 15 53555 S8
2 Os% 2o 4 O Sl s i (2 00
4 5 b oS sdo |, op-Amp 5554 AL JS
sl VY S Gl ) late cal 612055 L]
Juail (2) s 63555 4k 5 0p—Amp (25 > 4l o |,
55 sl gr s e b sl LR s
£t 0 (gl o) IS bl i cal & s o S

W8 ) T
Rf
+V
Ry
+
Vi

_i_ 1 -V

S 0 1 e S sl YV F IS

Socslin polie & (Aqy) dtuy Ll 51 50 51

ol By 5 55l (Saus Op-AMD & il s )l

Sam Slacand 5335 J S s e lade 0l g 0 oCua i
s el 3 S b s osiS o 585 (55,5 (55 S

ket 5z 15 as 5 VY
L -v\;)‘) ‘59};;6 6u)j)ls Q;L:LQ.C dl.ba..\;.is%}ﬁ



u—-U A 82903

l
Vo
E Co) (g 5lre _L

P{)‘Jtm_}b‘ \)@)}E’)JKVL:\JJ@;\
R\ +Vo=¢
Vo=-Rel,

)‘Jj d}é ‘UJL\‘ o ‘)% QT J.}L’J )\-\‘BA I\ db‘u

\

'[’3‘&')6‘
Vo :_RF(Vin)
R, V.
[,:.:564 doaloa |, =0 o
Vin
VO __RF
\/in R\

ol lade o ol (A CL)wmasu;‘
wyﬁ- -5)\-5°5-\~JR\ 2
S bawli jo oy p 5Uy & cl Gl i L

25l 3 Ol as 5 YA (oo,

&Mw;\.ﬂww&

Ry 10, o 5515l cpl (83555 ol

s

Zin = vin__ R,
I
\

givn d‘j \) R, RF CM}\Ju jpu.d IV—YJL«G
il 84S ailos 516 8 4 oS o San 3ALS g 4
ML—YOU‘{JHJSJ@)\KQU‘\"SJJJJ

RE
Rj
Vie—AN\—4
1KQ —eoV

YO 5 0 b oS o 5o S o o5 YV 4 K

S g VNP S

R 53503
Sl o
R \_ Rf
—AM\ AN
"
S\ —
_ { Vo
\ —
| »12E » 2
= el o T S 3900 =
S| 00 Koy

2,15 Jlail uey 4 Op—Amp Culs (83555 G
S ol s a oo m 5l il o St (53555 53U
Sy gk o e (§35,5 U5 Llake Cul Eg=
o a8 ol 6wl (A wile o i o)
o) i 8008 S Bl ol s e S Jeos
&S il ails 4> ¢ . Cul sua (Virtual Ground) (¢ 5l
Jomily o Gl s ob S il s 4 il LV NTETSY
Sl (Vm)dwﬂtr'“&)‘ ol 513 (e Jeili) o
.@\V_\VJSngdgj)j

) s (893
Cosl (g jloa

g Al Sl 53 0p-Amp 6355 Jalee Jlae Y VY IS

R 5l ol b sl S 4 425 L

O3 b 3 sl st I :% Bl 5l eslizl L 1

\
2Lz 0p=Amp (35,5 (uila!
) e A8 4 58 R sl S1(LR, 5l (6,50
2 op=Amp 2y A Jolas jlas o5 Rely el
S ool YVA S

Q\{ﬁ L,«LJ (ol 00 L

16A



S o Sinn b bS5 VYN UKt

PO gai 0 Al
Vi = Vy =0k
TTR 4R,

Vo

'(’U)Td‘ Szt | S

V. (R,+R;)=V R,

in

Vo _R\+R; | Ry
\]in R\ R\

S Cust Sy by s o sdalie & sbolas

MAQTQAM&)JJ‘J&R\)RFQDA;S‘”}&AJ;’

L. gs’-’f Jl.\g..".w ub}a)l}f,b ZMJuL«J &;\-u-d Q;\AM-; Cﬂw‘
":'“*’\LSJJ)}JL{‘?“

Ay =

51 oS St i BALS oy B (63555 il
7 Lt G 1l ol Sl oS e San 525 g
G 5353 lnl 2,8 0 Sate (53555 B b >
2 0ls (e as S8 S o Slhes Sy 5B
.g;w\(.nlliad.u.-? 39

BAS o 9t SO sl 1 Ryl : Y2 Jlee
S dalons 3515 Vel (63U 8 & oS e S 8
35S s |y Slan S -l YKQ L1, R, s

Myopdalvan sl pul

R
AV:\“‘_F . ”J‘.}
R, ™
Vo=\b— =Yoo _Re
KQ
Ry =4KQ

169

R\:\KQ@)LL‘C«M‘ \KQ)‘.M&J))}W‘M‘Q?

SWRTY PN

R,=Z=\KQ

fam 3 st 1 (Agy) i Al § g 40 b gy 0 dlal

:P.:.‘S@A.:Ml;u ‘)RF)‘JJ.G
R,= A xR =—(-YO)\KQ )
R,=YOKQ

W SVR GPIPJRIE S FUL TN I A A
308 Cy o8 e : (Noninverting Amplifier= ,<a 3450)
6235 S - 3 oy VY 0 IS 53 008 o sSira
7 IS 5 3505 il 0p-Amp Coia 53555 4 Vin
95 5yl s 3, s Ry 5 R bl buy
Sy 4 ) e S 5 2, Jlail s 59555 4 Ry
sl

:x;sw,gaa,}s.ws@,ﬁ_v_"v J&u

iy 5 8l Ry s 5W olan Sia 3U

'J‘i‘\'@ Qyw.)df

__VoR,

TR, +Ry

t el 515, e VXY ISl o
Vi=V; e
V,=V'" e

el Vy=e G555 510l e pas s w @

Va= Vi -V = V=V



T Vi =V s Vi =V, os

) V . @ . -
DS Ay :V_.O:H 5 Vo=V &85 e ol 5 o

m

j\.ﬂ})CmH\ )Lﬂﬂﬁd\)\:é)l.\nw\mtm

ole Gl (639,55 5Wp b 51 L 5B s aals Bl 51 25 >
-aub o 55 (Voltage follower) 35Uy 5,45

on e obml e Sl g Ol 51 S
PO KWWYV 5 SN .Sy KV [ P WO Y
oS ol O (2sp laal 5ol sl AL Sl 62,5
sl

dete Hlas 31 S :a..\.‘.:fcug Jlae Y_Yv_0
g dmle glles SaS Oy s Gl ol L &S ngip
L&)dé})}&flﬂ)&dbb)‘hd\ sl aw@q.)\»

UL‘N \) LSJ}))MLQD.A.CS@?&V_YOJ&Z
..'\A.JL;o

Viem= AN
| ——ANN\— F_ Rp
—>
M

I Ry
Vose—= AN - -

I3 R3 e
Vie—= AN — P

Sl e
S par VY0 S

s el s e Ve ViV glasldy 51

"y h g o R, 5 R, (R, db@)u.a J.'»\b )\ g;_lbula_j»
V, V, V,
[=— 3 [ =—Y 5, [, =—"—
\ R, >y R, 5 Ay R,
4 83905 SLOL 2 g szme gt S 056 Gb
ol il ol 5l ead ool ol sl ab oS

I PRV EN WAl A ngd)g &L@J Dl

Rp
9KQ
Ry
1KQ
+

e =+

1

Vo 3 g5 g b ouiS po ySKra b Sy yi5 VY'Y S

BALS o sSwn 38 Ly 55 o 3Ll VY
awqﬂw\);.\:jw&v_YYﬁuL\)V_\OJﬁu
Bl sa GBI R 1, 5 Ry olaw R luds
D (V)L sl 5y 5, S b 1) Ayl
b6 ghte Cosl o b odiS Sy o ol a8y 5
Gl b oy WS tals it 5L o il o e L
Sl A Sl ol Gl 56 55 5 4l 3555 JWSom
.A.'.Su.o aau&w\w\xu\d:.jaﬁ

e Al oYYy K

P S R R VISRV A A

JSi llan Sl opl 5o Sl sulS o San e 3uS oy 585
@\OM&MWLQQJ))JJL?)J:-JLQM(LJV_Y?

—o
+

Vo
R

Coia Bl VY IS

170



Ry
——AN\N\N\——
v 100KQ Re
R, 100KQ
+3Ve——ANN, -
25KQ ’_1
R
+1Vi / p Vo
50KQ 2
1 1
(V)5 gt 5 s oS e VYV IS
.M};J\JVO%‘)\&‘:@L
Vi V¢ V,
Vo =—Rp(—+— Y
o F(R\ R, Rr)
CAM.JA{ \)VO )‘Afu k) f""“s&fd djgw“l:n ‘) j.)l.&.d
V, (—+L+—)
0 YO O-
YHI\Y+Y
Vo ==+ ()
\§
=—\oo(\—)=—\9 AP
u}SL é«ébdé}))bh\ajw jY_V_?f

.))}ﬁd.)))}dwgsikjw\le‘)du.e&dlbowé\i}.a
L;J))}Ld\bu@‘}ﬁdaﬁu‘g\)\djl?wr..g.)\.))‘f;h—au
6\.'.;\.05 39,3 Lv n.'\a.osq_,ﬁ A.gn ‘Ji) p'l"\"‘)l':‘ J‘aw
b o al gl olsen ale, o Jilus 4 1) 55 0l
00@Lﬁf}‘jc‘ﬁd‘;ﬁ.))ls)‘};ﬁ‘b&ubk&‘j)))}
LLEQJJJ:SJ\)MK\:MJ@UJ.J\A&KQM@bJ’JJh
S S $bol o 5 s Joain glai! S o iz
)}wu.éw}b ‘L‘*utﬁu‘\ .».Su.ousla): ‘)&.’Jﬁ
& dond ey 0SSl 5 u“.-,.’}g“"}‘*:*“ S 4
.Jﬁfd)‘;;g&«i};)\ﬁ;&‘)éw)jjc\&nbd\jo#‘\'wj
G 00 55 oMk B bil,o wia sl lacks

L3 g b e 5 e B

171

o § o par ol a8 0 558 Ry S5 518 GLn
SO TSR
=L +I +I

N 0 (3
"TR, R, R
Vo==Ril; 0>
P—@J&)\}‘d)l&ﬁ).} ‘)QT&)L«“ IFLS\’.AJ“:‘*"‘
V, V
Vo =—Rp(—+—"+-"
o F(R R, Rv)

ML R =R\ =R =R a> >  ols Lol i Covi
il ppl 5>
Vo =—(Vy +Vy + Vi)
Aoy b b oS men Slae ) Sl bl o
- 2sb g (SummingAmplifier with Unity Gain)
saas V_YF SG e op  5Uy s Y=Y Jlee

Sl
Ry
12Ve——AN—
10KQ Rp
R, 10KQ
+3Ve—AN, -
10KQ
—
R3
+4V P Vo
10KQ j_

V¥ Jleo ] 55 S g —YYF IS

tlp) "'\Ju‘ L«.«:QJL&MM

Vo Ve, Ve
R, Ry R,
Vi 'V, V
V. :_R_\ Y Y
0 RTRTR

Vo :_§(V\ +Vy +Vy)

Vo ==(Vy+ Vi + V)

Vo=—(Y+Y+¥) =4,



et
Vo = (V=W
Vo =\%(Y‘mV)=Y’° °my
Vo=Yeemy
i 5 V=
S3555 owldal Jlon! op-Amp & VA
Ok Opoeo b ol
o ol adly op-Amp S Vo AY
O Lk D@"M P E TSI e

oI 93 D .\a‘y@ JL:.LQ.C— 5)»5‘;.3’}55 _V_A_Y
3,8 5 eslial 5y 50 S i WS 5 Jolis
Ok I:IC,.,W
b sasSCy s 5o (Ry) Sded Cunslin S1_V_A_Y
J}w@ﬂabwwﬁbﬁu}wjtwbﬁ
Ok I:IC,.,W
Ay

Cuslae g lyls LAY Sllas suScy o8 VA0

& JL.&\ Op—Amp (35,5 55 P Jf\ _V_A_*
ol s Wy 25 ooy (o D) (S s

Oy Joli 355 b oSy g8 S 03,84 L
a,\...SC,q”}ESV_Y/\Jgsu): Jva)Js‘»Aa \)de\)\.\iﬁ
LV PV KA Vo uL'pUJLg.s)”\g

Ry Rpp
Ao—A\\\—¢ AN
Vi
H —
®
= \%
V2o R, Rpp _0
B ._IVV\, A W\I J_

e (35,5 b sy yi5 VYA S

3 S 5 Vol A5 (63555 L saSen i
1ol a8 o Saa 5 S o Sae SlBoaiS o
kS Cy g s 5y il Ry =Ry =R, , R,=R,=R
g e 3 Al Sl eolizal |
Vo ==V~ V)
Sl g 0 dS st oy S Adl adls bl o
Sl (S Vi il ol i b Cole ime & S
oy b Cuta Vi 5 Vi Gy 5 )l Ll
S i gt g oolizad Aols O pot ais3555 55
o) Juail e ‘Mleuizb}ﬁé&deB)Awﬁ
LS 50 85 S 53 iy g0 p s s 5l 35
Slaw o a1 s n g 3 o b 57 88 5,0 059 400
015 ok oy litea BB (955 1 o) e 2] - S Juaia
Ol d i s 53 2 30 Dl i p 00 bo st e
5p 00 abap s S b gl b i
NS 5 ) o & 55 S (al 2o & 05 o0 S0
S Sl S ol i go U 5 o
A5l a e S LVYA US55 VP Sl
S dlw |, VS laze
R,=R,=\KQ
V-V,=YmV
R, =R,=\<KQ

7P



SG:AM‘(\A;VO%\) v_\‘\“)iw)\#).)_v_l\_\ °
VeV, ~0V,+V, ()

\eV,—OV,—V, (¥

—\ oV, =0V~ V, (¥
(

V-0V, +V, (¥
Ry
Vi e— AN ——
! 10KQ ;\]}\‘;\,
R, 100KQ
Voo——ANN, —
20KQ -
R +
V3 V + Vo
100KQ —
A4 2
VorY s
S 5 omw 5 5 2o i

op—Amp L 1, g ycute 3L 5l ISV AN
5 0l 5 1 55 5 Al 5 0 D)

BAS Sy gt g 5y VYE USG5 VALY
s 50 Jodo S scil Oy ais gllee

+Vee

—Vee

V_Y? I

K gy Sy Sl YYD S s VALY

S o el S
Rp
M
12KQ
Vi Ry
+4V  10KQ | oV
VYo JSu

171

Vo¥e IS sasScu i 35 50 ol —VA—A

w‘ .................. j‘j V—Y‘\ Jiw} ............ j‘j
Vin
Vo
RF=1MQ
R 2>40KQ
Vv JSe
Rp
AN
330KQ
Ry
Vi
33KQ —eVo
Vot K
. Z
é“*.'.J'SJLC-?

JSBaS o5t )l ol e 4 a5 L VA

R>R, ()
R,=R, (Y
R,=R, (¥
R,=R, (¥

R3

4\

Ry
Vie—ANN\—

—

+

Vo

) 1

vy S



S o 5l VXA IS s VoA

g&;\i&"d}

Ry 2
+3.2Ve—ANN, —
100KQ
Ry H+
+6.7V! \Y/
100KQ 0
—12V
R4=100KQ l
K T

(Comparator) sucS aus i Y4

3 3y o g S (g)lhe 4 oasSacslis
S o ealie S5 63355 50 L S5 L 1y 555 Glacsass

op—Amp ;5 .l jio b s (s Kl g L 35U
S s goas i b St S Sl b cline
ey

Sy 5) Sk St 53555 W Llake 55 5005
e 1y e gl SWs 4 (2 adl e 63555
o Ml Cude (63555 35 5 ke s 83555 S5
bJ\;;SMu.A )‘-\A ‘) )\J.A t}; L'J'i‘ .J})d &;ﬁ t‘«:.w\ 4

Z.))‘.) Jj)sjjdu)‘h)éowwud

Sl U (SchmittTrigger)l.{g,? S ) =)
Jﬁﬁw\: (Squaring Circuit): o.\_‘.:fu.i;,_fjl_e
XS g o Pl

Sl 55lae 1 (L) Jio ) e Sl S Y
(L) yno 55 51 15 60555 WS 308 g 5 03 &
S o patdia L 55 SO L L) 605,55 55 g sle

gﬁ;\“‘d)

)—o
*
Vo

1

V s Sy dials SIVoYY S 55 V_AZND

Sw‘d)x;:dajjjju};&d\) l“l{dj

VotV IS

F) LM;A)U.G j".>u.a 4d> o L Y_YA Jgsw BE) YA\ P

Sl Sy dim o & 5y Hlake v605,5 b5

R3
Ry
+3.7V
100KQ
Ry
+2.6V
100KQ

171¢



S $0555 dmalie (Sl 3 g o anlin &) shilen
ol sdds Jooy (0] (a4 o8 Sl

Aol ol 55 op el e b, b o e sV,
st 1 () e (§39,5 4 S Op—AmMP (+) S35
38l Vg s St p Lo Caros 1oV ol
Vo 5310l s gt gn ity Uty Sloy dlsls o V, 8 oK
4 o (1) 2505 1 b eedi (V) G plsl &
el 5 () 29,5

S ) o) e e Kl oYY o)
S 3 VP S 5ot it g5 4 YU Jlas!
OP—AMP s $35,54 Vi 5 Cua 35554 (me ) le

el 005 0315
+Vce
Vo

—Vce

o 39038 S Jos ) b i 51 e Sl ST e —Y—FY IS

Ol 2o 562005 Sl e S Y-FY S s
2 dS duglie 6yl 1) Byl &4 ol oAl ey b 5

ViA
ty t2/\‘.3 .t
Voﬂ
+Vgat [
>t
t 5] t3
~Vsat

a2 563005 spe S VFY Su

176

Wy Al xp

I WS W (o AR
(Zero Crossing Detector)
_,fb.a 6‘.‘.“ )L:.b l.a b.'\;;sw‘u.d )‘J.A V_fo Jg.u/ PLl

+tVee

Vo

—Vce

(=) ot 3505 4 o Jouslt b oa Hloe nl s
& (V) ssu aolas Lo b b & 65U, cnl sad Jlas]
Ao Gl S L1 V5 Gl s s e e0ls (+) 65,5
et 0398 5 60005 W 4 dm 5 Ly A8 0 alie S
55 el 4 s T 1S

25010 2a 5 50505 o S VTN S s
el sy o

Vi
t tz/\ >t
Voi
+Vsat
» 1
t ty
—Vsat

At ) s e ST Jlae 25 5 55505 ge=v=-N S

?‘)&J&Mﬁéw&#)%f_‘&‘ﬁfﬁk
s e pldl a2 o S 0



05 (Vi) Lo 55 51 et 60505 5 & Sl b

OlA e CL.M\ 5 Op=Amp > (Vi <Vip) Cul

Cla (3553 39 Gt Vi 51V 8 Al 55 5,8 4

725 333k 0 5 Sstn 0 e (5355 4 S OP=Amp
23555 s gLl 4 Op-Amp

Dl s 5 82505 Slapse SN VP S s

Vi
V‘ef{ /\ t
Vo /\ Vi >Viet /\
t 5] t3 >t
—Vsat

e

T WICESTIVEY FUN SRR | g 'S

5U e S5 ol s iy =V oY

b 35U 50 el sl 93 3 b 51 0015 g0 | Al (s Lis

V_deLbJﬁ..‘b.aﬁw%@}w&}j}aﬁ:&hj
3 o ol |y w31 el sl YA

®+V (e

Ry

|||—o\ S+

Caoglio 5 55303 ) soliza) b Lo Culi 55 el VY IS

®+V(c

o — — Vcc Rz
Vref 7VR2
R,+R, +
Ry Vo
Vin —Vce -T_

50 e U5 508 s a7 e 35 el Y FA S

)%S&M\))\Md‘gslﬂczﬁ:w o

Ao 3\ Zop Vi plia il 4 8 owllT (200
VO=+Vsataﬁp}\f%;Vij)wd\)“Qﬁvoz_vsat
(51 2) - o

g C,l:.w Sl )l&.ﬂ sl : (Nonzero Level detector)
a sy gt b ot 635,500 5 omes Sl 4 sk
VP S 5 D S o s (L) denslie 55 ) g2
-ﬂé@g&dvn@)pﬂ;@ﬁﬁd)” |y L3
~fv-:-4l564 (Vier) b (Lse) aeglie 5U5 15 35U 5 )

ref=refrence

—Vce

Vref-'_—zrv
b

lll—o\ O<+

Jf)') & (G;AM‘ JJZ.«é C«MA S99 )\;J, JS kéjt’ BL)
t@‘ 4 lhe g e 3555 50 s +Y 5y s

+Vee

+ Vo

Vref_g
_

Vo t

—Vee —Vsat

0 4V oS el 3 e gy 55 VRO IS

197



+V - /\J: ”J}"s}z‘f.
L el

NN g c'r‘l Jee Jlae V0 IS

WOASUS (592 3 (51
u?}}jbj)g:;:}.\:u_v_\"

DL u.’-}J:- )L:J, LA\.)ASC«.w\ r)\j .))‘}Aw'a-q).b
5 @3}3&31&\.\ Sood Slae 5o 53 om0 sleslaal b

\))\J.Acx‘v_O\ Jiuz .J;mﬁ;ia\}ﬂg)\.&a;&d'})

Dz
»
+V
Ry
Vie—\M\—+
Vo
LY 1

bM}JW)'M—V—O\ Jg.u

g eddoly e 4 am 5 L VIOV S Sl o

(Sl 2l pea s OP—AMP Cutle (S35, 5 (35> MK»LA

5525 51 53,98 g0 6 3lme ey 35 OP—AMD ke (5355

Jolas oy o Bl 7l 408 o515 o Jeily 5
~J‘i\g‘ PR AN Jg.«/

17V

S Al VYA

®+Vcc
+15V &y

|||—o| S+

V_f4 JSa

b & ol aslin sle 35U Ry o 55 515 2 il

_ Ve xRy
T R, +R,

C\OxY
f e vy ’

23 e dealie Ty ¥l 35U, Ll cuta (605,55 5W,

))& s 7l 50 Jias VY

g 5ol Jon 15 0 S Sl S e S
b b oaiScash G 81 ool oole 4 adl g
oS S5 S by b om0 S Doy 1, VL
23550 shon 5 Sote Ll b 4085 a5y a0 25 >
R P R N R R
S bawg ol $25)5 € as e ol 1) op-Amp S
S iy S il s 305 by b e sl 50
Gl 0l o3liia) Sad Canslan 51 Hlae cpl 5o Lo s
&S Sl Hloe b A 5 g (ol clS o5 5 g !l
Wl o lae S ol agms bl ail o Sy L
gl s 4 Ll aiS ad 550k slonss Ll b e sims 50 S
59305 54 0 g (g s 730 51§31 Cand OP—AMP (1
& el 555 5 Ry Caslin 35 oobd g 0 S 4
S g S S S 535,



ol )i gl o Mo sy i b 20T Gai
Sialan 3| s 45 o i ) VoOF Sl 5 Shas 5
aoled £ 11 S 4y 1S SOy oty i bg e gl

sl 0 oany Gldas

Vi

V) Vi D Vo

5 t Vo
N

Jio.\g“ T MJDMJL\A—V—OO Jiu

4 35 e 80 JS e S s 52
IS e S 5 3500 G0l 303 35, 0 e
J&wwds-«rﬁ 338 0 AL 535363555
8’5 S0 5 ol e gllas SASCy 08 oy & iS00
338 0 pl b Cunglia e 5,5 3, Gl ety
g o IS 6 b Caslin uss 53 s onen 4
25 el palss 1) 20,5 IS b sl o
! (doene o0 o Sl S & Canmd Dl cpl Cu e s
Jl;f\,« 5l @YU s e sldhee S8 Cy 08 (g S Cl
g 3 Sulae Sl Sl5 e oS Sl Ala b 605
00 Sy s 5 g A sy oV s 5, cdl 315
WS gl 1y 535 kil 0 8 (535,55 55 il N o® (g 5lna
thewl 1,

A%
V. =/—a=\/uV
y o

m

S35 ey YUV 51 Sk G5 SWy 85 (sm
)}m@ L;.)LA

MROATUS g2 i (S

Wy oles mp a5 s s 0 slin &) shailes
S 5 0oy Asls sl 55030 1= A (g 552 5
|y st S o8 OP=AMD (25> 15255 WS St
ol 03w g 15 B8l Wbl o 1) S50 5 a8 e b
bl 3 55 085 g 93 Sy Jolas (s > W Ll
g sh 3o Sy —o /Y a5 S Sl 38150

SN PRTETSY) JL&:M s Jﬁww sl Aol o
S g b |y e JSems o Op-AMD 25 >

S o Sl 4 g S dals S W
Sy 5 agde ol 5 oms ey 55 o S 3
Candy &S oo 55000 3 g ConSd Sy a3 1) 25 >
VoOF US55 JSemw o8 0l 00 (2 eSSt 5 e

R PR WIS UL«A

<
[¢)
0| \/ 0.7V

A S o 3 (25 70 S 5 e Copns 5 Y OY S

o S s 5 Sl ) YO S 4 5
Spo /¥ dials am 531y s JSmnos 5 (V) 55 55 dem o
i 5 G S5 33 p bl 1l 03505 3 s
S (g 00liaa VY ISl 51 gt s g (255 - 50

el 0k aay 55 5l cpl (g 2 5

V71+0.7

Vi
1 L1
Q]@J}E,&J&JJé}})b-\ﬁ))-\?ﬁ)‘M—V—ofJ&

17A



S SN Gyl b wlsp L @SRS! Jes
£ IS b 1y SIE1 slae VoOA JSi - s o]

s oo QL Ol 2 A 5 2505

C
ud Il
I
Ry Iy
— MNA—4¢
+
—o
Vo

<

;J!;&l Sl _Y—_0A JS“

(S lkes S S g5 o iy a5 (S p V=N 0
$203 el L ola o VN0 Y
b op-Amp 51> sl s ;15 : (Input Bias Current)
bl 4 el 5y b g 85l bl s sba
0 b el A 3 55 Lo I Ol 5 ey ) 5515
Jlodsl op—Amp SuSCys8 S o o cail ol b
sbal 518 35,5 ol el ol 63555 il
S e 3\l 3 g 2 i 45 5 Op-ATD
o op-Amp 35,5 sl 5l s il Slee
235 s 315 e 02 ot 15 (S S sl DC
ol Ty 5 T bl L Y20 IS 5o ol o opl a8

L loaas oals

+V
5
Vie—=1—

Vyo——+

$9205 SBab ol 2 V=08 U

179

T was.uuma: ol Y\ f

R O SR sams uw byl
(4 Jhe ol 4 a1y 62500 g IS il g
o gt 7 Sl s b
AR SIS e -9 Y P SV PP GOW:

RS UIP SNV 9 *SPRpIPY VS A |
Gt (5395 #6) $2505 o0 S5 51 & iz 5ol
e 3, Vo0F IS 35554 STl ol 45,8
LSJJJJEL:])&QQOL«bé&fju)QT@)})J:,&m\g
ENUETSTN X3 S Vo0V S s Lasi e plb el
ol ok oy S G e 25

R
MN
C
ViF—| l__
—eV(
S G 5l Y07 IS
Vi
A

75 e lha 25 5 5 6505 a0 JSa V=0V S

b S SN RS lae YN FY
gb S guta 1 g siabi e SIS 68 e
("'J‘i‘ J\Ji:‘;\ ol 51 ab sl @U ot )y el e



dLlJ—’ ZJ._._._gu‘J_.) &;—A}LZ_A ‘) R AL_A)LB_A

Hlaze ..,\;ab@ (Current Compensating Resistor)

sdal, IR Culae
R.R
R=R,|[Rp=—"-F
R, +Rp B
..'\g‘“.’d G;«.«.)JQ
Rp
Ry
Vio—AN\—¢
—?
Vo
‘ 1

28 o)y Can sl b oS o 5o 58 o5 )l VPN S

3y 5 e o 3l Gl Caspion Jsa a0 g0
gyosm ol LBl 0 & b ails o bl O 50
S Cl:.a.a 2 8 g g Solol LS asxl e 3,05 55

o g o a5 Juade b & e

A:..a‘\m V_?Y ‘}iw)‘» 9 ‘) R)\.-\AA 1V—A JL\A

Rp
AN,
100KQ
R, +V
10KQ o
+
Vo
R
V_$Y IS
R\Rp el
" R,+R; o
Yoox) o
R=1T""_q/KQ
o+\o

A ™ L;y}"-’-‘ I 5 1) bl sbagl
ol oSl ol Uk op-Amp sl sloals )

Aoy 5l ol ool Slake S o et | (T) 2505

.ﬁ:ﬁw‘ A.Z.WL’M ‘)fu IBias = I\ +IY

“d

2909«
b Jy s 1 ol s Joli : (Input offset Current)
23,13 2 (Log) ($35,5 o]

los =|I\ _Ir| MTO\Q—?

ol oS g05)5 Offset ol 35150 51 (6 ks o
5353 il oy i b 3 235 i 0 01 5 ol 1
b offset oL sl 5L 5l op—Amp 35Uy 54
wa sl U5 5 63955 0 1) g5 JU W5 sl s
2305 Jolas V=P IS a8 olowl (2 > 50 1y 0l
L g0 oW | op—Amp

op-Amp (¢35, Jolee V—F o JSi

WSS g7 3D (1
Ul 51 ol 55 lae Ve Sl g4 5 L
D3 gk o0 demilons )
Vos=R,I,-R, I,=R, (I,-1,)
VOS=RinIOS
o BB 5 dal, 51 2y o slas 3W Lk
$ sl

\Y% AR,

outerror

: ueﬂuﬁjbwiolgﬁjb‘ﬁ_v_\o_f

A{d\jwww}&ﬁé)owwﬁdbbw@}ﬁ)a
Wy g bl sloolz 51 il glas paile, filos

1Yo



s a5 8 L 5 offset 35U, st Cg(offset null)

Wy Llae (53555 4 S0l opa VPP IS Gl ol

(0l sk Ly o3l JUal 15 6 il 0 5) &l 45 9k Joos
S or oaS Ly o 65, 5 2o A 3

Offset Null E o

I\crtE

Non-Invert | 3

]

El()ulpul
El()fl'scl null

G 55 i g5 5 VY o ol sl 8l Y5 F S

olf_,a : (Slew Rate) is > &8 o =YV 0_A

LQ‘)\.))D.)}{C«.;AJQL )\»5\’_?0%)\» ELIPTEY

C}A J&«/ ‘mAJv d\AL ‘_5)\;.‘) g;.w‘ AV = +)\ )u) ZJ'G"
il §25)5 £ an dend b (20 >

Vin0-

—oVo Vimax

Vout Of

- Vmax
l— At —»

PP 383 038lak e 5 S Sl )l V50 Su

4 racien )lade 5160555 7 90 dals i dlamd 5 )y
5 XS 8 S 0l Sl Sk (s 0 e Sl s

1V1

N1EPE] M] JL’J}—V—\ (AN g
sb3W, I :Input offset Voltage (VI)
op-Amp >y~ 5y bl il o op-Amp o5
S=bolasle s s o, poe Cle & ogd o
2 b goi o (25 35 ] pabolaa ] S op-Amp
Sl 5 o 4l & Sl 635 1855 b 51,
il Jolw Jl 5 op—Amp 5 & U os Jeel 65,5
2ad Vo= Ja
wijw)uﬁb_v_\o_é
3398 Cad] 5W, (Input offset Voltage Drift)
& 633 Sl 3y Ol ekl Sl O a0 b
ML&&J})}MT}&J)W‘) \)Q)‘fjo‘-).bs:)‘ﬂi?
S22 MTju)Q‘ﬂ."ﬁzAvlos
J‘;Gﬁuij)‘fi?)JM:AT
AVios
AT

cwsl 51, i1, =

@j}cw.ﬂ | Py A YA
sbss,s S :(outPut offset Voltage)
o Wy b Jeoy e 4 V= PY S Gilas op-Amp
by s po s Sy olake as 5300 o b
op—Amp b$35,5 & J 5 s~ 5, Hlak

cdial o oy A Canad | 55 |y Ko e
+V

Vo

-V

.\J'b-\uwj udb)J}—V—?YJS&&‘

Gl E 6 50 Sl Sy edis VN O
eal sl 5, i S e oS oy g
O)\ LQLBA:[L «V\G\ wdi ;;.«\a ‘_5)) )J’Mﬁ.ﬁ ..))\.) S99



e Sl s ol 29 55 52 - sl
P g ol e Sl dils as 5o 80 o | s > 5
@t‘,ﬁg;&jud,+‘\\:d,—ﬂ)‘\objﬁg.m,fd.};
1 el
AVo=+A=(-0)=\A &y s 5 5y Ol e
At=\pusec

AV,
SR=—O=\—A=\AV/usec
At \

ol s

Ly 25 oledbl 8, ¢ wesie g (sl
op—Amp 1, s o3l SLEMBI L 1, jolas 5 0 aes 5

Sl Aol 4 (AV,) (25 5 7 90 Ol ekl S daw 05>

ot 1 L (SR) (i 2 S AD) (2 > 0
Vo
At
Pl 4y Sn Sy i o o sl
O 30 4 0p-AMP S S35, C";‘ Y=t Jlee
S O, 0 4 2 55 SIS 5 (Step Wave) (sld

S Al | i o G il Y PP

Vou™)
A
+10

+9

— | uS——»

a2 e V=57 S

vy



+Vcee

+10V
Ri= 8KQ
RyZ>2KQ 1+
Vin -Vce

Vo5 IS

Vo

03 padia Op-AMP 25> 5, SI_V_\F_ ¥
s i o S plake b ki Sy A il S VY e

Sl by S 5
Yot YO Y o/pV_Y i\
e
e LV dasin YoV S50 VIVELY
25 sV,
+Vce Vo
Vi
Vo Y
- —Vce
VY- ISKs

Somde Hlae SOV S s V2V
)U} C}A Jgsw C«.w\ [y v o.)‘.) uLua u‘\' S99 Jl.‘i:.w L
S e Ly ol 2 >

Ry

SAAY
100KQ
C +12V
Vin.—+|
0.01uF —oV o
= -12v
T]ln
N >t

VWY S

[\ o

PR AR

B | s
ju)bdaj)) )L:Jj V—?VJSW)\J.« BE =V-)\ ?_\

Ok EIC:M
+Vce
Vin Vo

—Vce

V_5Y JSu
PL @}J"’ )L:J) V_?A J&w )‘AA e _V_\ ?_Y

+Vee

Vo

+

o

—Vcce

|||——|
&

V_$A JKs

OP—AIMP 22 5 > S g2 e i o 8 pua NN FY
S g S g b Sl (63555 4 ey )2
Okt Oponw

35 W

Sy o 3l e sl 8T e S YoV ¥
"\‘Sg}i‘\?; ...... C}Adﬂ\)wwc}ﬁ

d‘“-zijL@-?

‘.'C,‘M\CQM(VREF) ML&ACEM
C«J)\"_f C'J}A_Y‘ CJ}Y_" CJ)J.L@_\



Y e S OL8E! Slae G YAVY IS s Y-V A

soliel b saS auglie jlas YIVY S VN SN W5 e JS el i oals ol ol s & JUSe
CJM‘))\.M)K)JLMJ&Q\A&\)J\A&CZ&SCQ}EJ‘ ..A.:.'Sr‘.w)‘)d)})}
AR Rp
AN
10MQ
Cy
|
0.01pF
Ry
Vin®—AN -
IMQ ———
+
% Rc=R{[[Rp
Rc<910KQ
VoYY K e /\
g t
Op—Amp)J\)@}})d)})}“ﬁéi}u)_v—\ 7\ ‘ \/
AR Vv S

IVF



