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A well osci late when

Ap =1 . This 05 A mlcw;»r:ag

R

'F‘or JLu's zau, Qu/ \/ouag,& a'\' iupu* 0?' a""‘Pll'ﬁ'er
s added will factor 1 ai awplifier awvd adoled oga,a
aund aja.‘m - ab :"‘fzuf'}o.f '"A.( 0!4‘)’)“"' fithl \4);“ 'd-e

inifiul)-c ' Note Hduat Otgj-fh A cend ? o‘{!,ﬁeud oun

«?re(twvc/v ‘ So it cew  Occur "‘L«a‘\- fle 0a~)pq4 wi il

'a{ im{’in{\f for  pul cerlain <{re ot e
4 Z

T} il oscilak for all 4«2(4.,.‘.,_}( at  whicy A[ﬂ,p((};l
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For our Cewnnp) (Gher will V‘_fj_‘_‘_\\i_vﬁ Leedba cle
we fol.u/w\ a ga‘("‘ of
A
’(0 - — 'y =
X T 1 +AB 3’“‘"’ Yo
Also  here we can Ceo Yuad if AR =
then e oOawlput will e \‘wfh—..'l-e for auy f»iu/ Vollag_,_
ad ?v\pu'\. NO’Ma“y Whoise Iy PNHD\¥' a+ 0“7 Pm‘-.'l'
o Ve circwit (~ pr-mv) aad tuis will inidiate Hee
DSc(Na*;OV\S.
AF: -1 s ezuq[ -lo qu}mg lAF’ = | aund
4_“ P"‘“‘-e Z Aﬁ = 1800, or i o Pha;p O\I‘Olﬁrav\ﬁ
T“A”L & Tu e g ives tle Barkhiauges
Crikerion for  amplifiers wi
— Y ReA
. g wegative Leedbacl
-¢ The --- represents te poiuts
Where LAl = 1,
Usivg e Sawn-e reasoning [ Positive &;dloack)'. Irf
JLQ loo(’ga"'« Aﬂ > 1 . alse osci lla tion u“ occur .
For testauce ‘Por Ap = 2 aad S""“".j with t yV at
o en dranc .(u;; vo“aa.( by @ed Lgaclr do () v?vu‘ranq with
@
E"""‘:’} y a {ac"ﬂr 2 tvd ag\Ap,[ o Mow we bhare 3 pv
l A V9
ad euirauy Tlewn 3+6 PV = j})v... ete.
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T our pictunrdt of neqoltive Leedbaek

. T Ap Oscillations when [A’P ) >1
'.'—M\--"-,‘ LAp = 80°
3 " Re Ap Se

[:;Many Qa 900(:\ ebc“f‘owfc dlejm.'mg' Pro(;*ls'f—e
is o a,uow (vr A PW-Lf wargfw ta tle lesign,

o

Noww-a“'/ 4s s used. Witk duis the 70.'.,.0,) )\/ygu.'s+

Plo\- ( Tum (45) v-s. Re {,4/0)) Recowes

T (A
. #) N?ﬂov“wf
4 f—eedloack.
OSc;“quo\ns i . .
(risk) \‘:‘5 '\ Re (AB) NYzwﬂs-) plt.
] ".j\“a" 1,1
Bavlehausen
Cr(krio»« .
-
As an  exawmple An  op- amp  wilk veqativ feedbot.
1o e
0k A las  Lwe poles. , 10 He awd
—E_VMM LoV, lukdz, Tl Dc gain s -HOS-, wil)
V.

i -lb\is Gircut OScJHaJc 7 Ii{ so , at

what @Nc;umcf'f ? Assuwe % = w0 =0 PM = ¢5°

¢ ¢




. & 7 = (ApY = @A)
pe B, . o5 4 o dun 4
l/ﬁ;?__
A= o°
Ir: =
—: A = lo* L_‘E-u"'
. A= 1o’ (MR
fz

X “\A=g » \Apl-

.= PHz4s®

log (5] —

l
(] Whin Carve of UH Crosses (arve of l/ﬁl

IABlL=1 Wt ar souewlhere Ow e circle ia i

N7Z“‘.s‘\' P(O“ . Bud where 7.

o When Al < /g the wt orc inside e circle owd

LWere e Cifecait 0% chable = Zowe v
® T Zounes T aad II fle pha_c_( ‘s BC“'W&« 0°
aud - 135?%  awd the Circit is  Stable

o T P"oL’L(M W v Zome I . Nere 1% \oop g o

lA.,;[ i) shil) larg,u* a1 and  dg P‘«u.\{ 05
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\1"‘ Sfd-( “'ln.( d&hatr o

T «a Nyzw‘s-f’ plot -

T (AP)

COU\CIMSEOV\ . Tle Cc‘l’Cuu"I' FCuns 'hff “rsle of OSC:.“Q,[;"J

w e ‘PNQWMCY ravge | ke — 22.4 lkHy

T he oscilla tions Carute cl Q;/ {cec“aac({ agre ol ql“/"’)’S‘

bod. Ta fect , we Canw tralep OSC:'l/a‘/ors ‘v which g

{HZW"‘C/ ‘S O{PS(‘awcl

Mow canm te abose  circait  be stabilized 7

—p—

t) we.  Could rtdwee tle qurount 0‘/7 %&déad( ;

Hafgn'wﬂ“y stable :

(o [41
!m9 1l 5! AR =1 ¢A/3 = —-(35°"
9 Vg : ‘ (s 457
Tin AR
/ Re AP

1031—0



'9

T4 is wot difficuld do show Huat o B = >

needed to  Stubilice e circuit . For €Y Guple iy

Re = o2 and R, = 100 k.

2) Freguncey (o peunsation S dunotler wnethod

‘Qor Slﬁ‘o;);z,'ha ‘)L.e (u'v"Cu;" ,
dou-? i e 4ﬂc+ol/v O‘F ‘“4.0 OP amps. T} congicyy

a,‘)'aovjl« i vadlem~

of iu-\roduciug a wvew pole in e Opewn - loop

%tﬂ " A .
20[03“] T AJ
e h)'lpl ‘t\
A
\
\\'!" dﬁ/d“
\\Qz-jv'
N \ ' ~4o dB/de
N : $=- 100
\ ]
\\:X,
e
A @s- 180
:\\‘—iodG’dn

log {

T. 1 above 4t9w~£ L)y l"ﬂ’}"‘oduc{ug a new

POLC T ot low 4,—( g et “weled 1l gcu'h s duced

Lo laelow (//3 'r.u?om tle PL'G'.\-C C&auggj o{ (—L‘; 07’(4.(r

poles takee ©9dect. To be sure  duss corlkes  fof Gy

B, « b of 1 ke ho be wsed a4 Caleqly bin,

{or 'IIA( dhe 3h ol T




co

n0$+ MO(‘}("V\ OP-OW{); | v r)\(wu\.,. *}L.,’; JPCA“"ZW

tnd  LUuwe extre wf,l)« low Cul - o;P-P ‘f“fwu cies (at
arOuucl lo H&- ) .

OM-CS')l'Uh . what would la.c l’L\(

)Owgwb.,y of fie
Pol.e T weeded ian  our

PraniP 0 order do  Shabiliz

b e B 05 ana b B

(avswnr g 2 x w7 Mz

and Ix 0™ Yy )

3 Exlernal  (our pensa {iow

.-TU\ a S"I‘W\\‘\ar wa,y'

/a {""oduc,.{g a Pole i ,lg (o Zero

i I/F) will resald va  §4abi liza 4o of e circurt

2o |oq A
20 109 WF’
"
log f) =
L1\
o - :
27 4 :
=260 1

leg ) —»

By o zero 7. dee P is pusted wp to  wake it cross
with A €arlier bedore Mt firgd pole of /4




The idea s 4o pudt an LPF ia {fle deedback

Circws )g For "“S"‘ﬂh(—e .

T wot  difficaldt b 2o thatl

. R,
P - _\{,h._— _ f2, /(’?.+VZZ) &4— DC gaan z E::Ql
Yo L+ (R4R)sC |
’\ Cu*‘ O’{g 4“70‘(“7

2 (RIR,)C

whichh  wt COulc( hawvt dlﬁt“y Seen Q/ (ong] 0(_,,-,‘.‘3‘

{L e?‘f-cd)w €Sistauce Seen 197 & ic.-./«"‘l« V, aud V;

(o nuected Yo Gvou O

Qou,s“om . what w,“ 'ﬂ_( 4-[,._1 Capa c/ J-Quq C bu—(cL(d

lo slabilize our Circui t of Page b ?

[/"“SMI‘ : -fc . 2x ‘O-" Hz ' C = Iéo U\«F)
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CHAPTER 4

OpAMPp CIRCUITS

Tl Opera-\iow;,l awrp“fier i o very u(rgq-)-.’l,(

COMPOWM_“‘ Juqt cann be (WLsed th Wmu/ ways |

fqug iug

. \Mah Yain aw\pfificr;

o active il ders

o Siquyl gequ—lars
. Cowrparators
: L:lj\g':t " %owcnc
’ A-Milogjiiujvp;kp/'d'()@c rentiators / exp/log oz Al
e (urrn}l  Coudrolledt  volkge cources.
A deal opa wip has

— ey,

l) (-b\‘ﬁ'm/'J-( 3Q|’0\ A‘ = o
2) iv\?,‘.,\'l( i“\Pu"

c =
3) Zero ou-t
pad 5 i
resistquce r,= o
@) Becawse Az 0> Vol s %/a oo




The eusiest Circuit we Can malke  with an

[£ension 4o o wer) s

Op ~awp S O

[p

\/“a’-

(/I ih?-'v\f te

withh oY ‘gf—eclbad( (B=1) avd agsumiv g

(A=) (+ 75 easy 1o show Tlat

Opcv-— \ooP gain

Vo = V( )
T aclva.,.l—ag,g of dbis  Circait is  that 'H hes Very

high  iupat  resistance and loww  output recistance

Twis is Usefull when we  caunot load a  high-

olhuaic Source or Whew wre nNeed o drive A low -

Olhunic input SJagg .

, [ A-MpL. | ,
"\ ' widh A ;
or L
V; 4 fl‘“ lﬁw
AN _-‘_‘:_'
//. .
s a Civeuit Jlf'q-’ hes

A lCow\ para £or

Cidler VCC or - Ve. (flee fap/b/t/ vol#ag,e,) Gy

Ou'lpa,-l- . o{[f).emcl,'ki Ow tlee O\I{Q{NV\ ce 1q “'(—'t

baput derunimalg .




+ ch ;f VP >Vh

<
o
IS
"

=
"

~Vee Ve <V,

FOr Op-awaps wiin now - iu{’,'n;-)-e 3@‘.4 A ' there s
a Mg idw of mpat vo“a;,(_g ttat  don't give £V, at
"“-&. 0““(7!44’

Ve
o1/ ¢

fév (VP'VH>-_.
e ol =Vee

T+ s easy lo  Show at W=z Vee /A and @5 of e

order of 1o V/Ios A~ OV yV Cor prac-ln‘(a' OPawpsS.

g

A widely used  Cowparator  Opawp s he 0" Glic

bos & ligh Switdivg Speed

awmp l; g‘erj Can he wmade 19\/

A \—V)Om— im/er-h'ug

im"}rac\uciug (uﬁq-livf) <f-e.et:lloacl{ to tle amp\"‘ﬁ‘er,

To cqlcqla-Lt the gain :
(rulc la of P1)

Vn = \/PS V,,
Vo = R v,
R.+ {2;
'__"_:’-:> _V—_O' = ,ZI+RZ




Aa Fhwer-l-iug awPl,'f,‘e,. s egual o e oue Qboce

but  witlh, tle Ctﬂua( Connected +to R

p =0V and tat is why the  negalive
Jeruni mal ia tWs Schewne i ofler called  virtual ground |

A Carmnt  of - _ VW is  drawn  Lroun tle source  aud
fa 73

(sinee Fin = & ), dis current  uausi go Uarou311 R, .

Ty  out pat vollag,e tuus  becounes

- R Vo 1e
vV, = X2 . —_— £ _
o R, Vc -—'—> V‘ = _.r.sz-‘—
us(cl )
The Saune {dea ‘s alse vV7a (Lurr‘cu’r -do - voHag,o_
Covw\/er'J-tr\
- ) R~
—WWh—

@_—~J <~ = rzZ
. ) VD ¢

‘ .

‘ I

'lfor a gi?&r‘-eu\'“ql awupl{(.‘e:) we (dnnect

bot iu\pw};




o)
e, WMWW——

v| O_M——] -—
N
Vv, © + 0

uSiug Supcrposi+iom W Caun €a5.'ly See Yuat

Vv
o _ R +

—R_: R, ! . (Vz"V,) l{ar 9i<<'21)

we have Ho always bear 1 uind  thad a lm‘gla g a i
lor R > R, (B it wvery Sswall ) will limit  Jue baud-
widlh  see p.7 of claphr 3

fo = 4, (1 + A R)
with f,  te open - logp bardwiddly  and A, 1 open-lop

Gainn I. {’ac-i' {he 96?.1“4— [oau\ol widIn Fr'uduc"’ .

Vo A
s ot (2 Do L= 0044B) Gew. i,
A )fSCHV\l'T'T TIZ»'GoEt?7 i'S lilee q

COMAPara‘l'orl bad 14 st A W‘Mv'“y. Tle Oulpy +

of tue  SchuiH drigger ot ouly lepds on fle
Impu-l' Vol’rag&( but also 6= {le lAl'S"‘Of)l )



4‘{((—__1: ': 4
V: —b
r.S 4
<« < <> ~Vec
— - N -
L osi i ve feedsacle
lo achieve P ae 'S used
2,
V, = _— V.
P R+r, °
Yo
I'F 4 Ve = _&'— V Noeww § wre
Vo = + Ve | bewn r = F R+r, ° '
lncrtase V; y()rou.« -C Uup woards . {Nn’. Couer G pa"«.'f
wliore Vi > Ve  and dlus | Siuce the circuit  worles
Uus a COMpar‘Q"oV‘ . Vo Eecouw‘f - \/CC . This aalee ¢
Qt 4
Ve = - — V, To wake e  Ou put  Comamu e
r R+ R, '

aga"\m VY’ )/ww {6 lower Ve o this vqlu.g.

Thug
R\
Vs - R+ R, Vee
vH > ~+ R




Tl«(_ acl‘/am\'ag,e_ 0~p a gcb\w{'H -h-u‘ﬂg,er lie; 1

4 e Fao# O‘p e'ium'uc&iug noise .

" MM/
Vit

N

VL
e
v, 1
& without
C Stl/\VlAv{"" *rl‘ﬁ%(ﬁ
— t —»
v 1)
& it
SCL‘M{“‘/— -‘r"ﬂg—ﬂf
!
E—»

Tura givng Swi{cl«iug ow tle lighte  in 4 rpou,  based

o o oplector

] Iv\J«tgra.'l'org‘l any ‘D?‘fﬁereu\ \lr‘m‘ar\—;\ are  wacle

by  patding concdeusador ia Ay deed back

lOOP .




Hvswf—c & Indegrator
v, -

;1’

The reSistor fraunslates Jie Vo”ag,( lo a current

L. = Vi/R This current Camngp t enter tle
[ 8 - .

Opawp awd thug RS u;.cd ‘o C’Aapg’e -“,Q CapaCflop C )

Tle awiount O‘(’ d““"%e in C (tdSSuwn'uﬂ’ at =0
Olfsclnﬁra,gd . Q(,-l’”) 30) is ézuql ‘{‘0 4l i"\")-fgr-q*,'cd

curr‘(n’r . .

t
Q= /(I,-H)df = j‘,’-‘_’”az
o R

Q

Tl w\lay drop  ivduced ‘o)/ s C”'ar'%( s

AV, R/~

3}

Since one Side of Lo Capaci-}or 3 Conuuc-l-ed $}o

vickual ground | tle vo\wlag,e drop is egual to -V

T s
t
M [
v, ) . @B, - v a

Viyg v, () 4 /




To waalee A \o\ig&remlmﬁtor\ we exdnamg,e g

fesistance and  capa citor

denlanh L.
£+

T he input Curprent I; s e?,w.l to

av:
I, = C It

This current s trauslated o VcH—aS,e, by R (note }hat
one Side of fue registor s at virdugl groumd and tlhe
taput weCistancee of flke op-amp s infinile 5 all

currcnt gets *lf\mugl«\ R ).

V. av;(})
o Cf) - et CR d{'
T bodtn Cuseg ’ ‘e D\“?‘g-ﬁ*rw "'u‘q*br awd “.1.).( gra torm

fle  Signals  ad tue oubput wight e limided by e

powsrer Suppl\/ ) Vo Canunot be lar'g(r gy F V., . T due

Cuse of Hae \“"')'e‘l""“l"' it wmeans  toal for i“S‘}awCe, Dc

Signals @b Vi (e only be tndegraded wp hoa cerdain e
For +le differen tiator 11 nrcang tual Sigualy  (aung 4

C“av%{ too fLask.
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With  the  iuk 5""*0" and diltferen biator  Circuids

we C(oawv bu:\a {Ew\og (,ovvapus-ers , For ius-)-qu,ce_ fo,-

So\ving d‘-ﬂzeremcia\ eiuqhong ‘

the difleren Yral eguqv‘-‘avx

.
\'/ = VY with y/o)::\ (Y" a‘:)
(in-’-egra“ﬁg on botu sics)

Talce {or 28 av\»\p\—e

Tuis s eguivalent 1o
t

) = yle) 4 J)I(’C)cl‘(’
v

Op-awp Circuits Yrs E—ecovw:

~ytH v ()

[ 3'A o

“—{>———‘ o T b
iegrator iuverter .
alio nverds i, Cigual |

load tle nverter with

No-’e 1: ‘JA{ r—. Y () Paf+ is to

fue Storking value [ T=plies clorgiug  fhe Copacitauce

Cug#au*ameous’/ ).
Noke 2: Tle inverter Can also POf;ly ke weode o¢

Opawps . Why s onob He Lol circwit 7
R
R
Vi - A -
T‘I>—°Vv t %
Corre ot




]

As  arotley ex ample .

X + 05% 4+ X = 4o xloyzo  x{(x) =1
X z dx XK= 4
a‘+ [] d{l

1) 5“-0!‘4!‘&% w-h» a$$uw;'uJ 'Y PXI'S"‘S :

X _,}U: X
[

2) Rea rravge o equu Hlon

L J

X = 05 x —X + 4.0
This 35 equal o

(The Samming  opamp
alio iwverts ! )

3) Now Commcliug e two  pacts [ procedurs ..)

X (o)

=Vee )
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% The \Mull-{p“t’rs @ art ea_c'n\y macde  w:ih

ppamps. whew it is a constent  uultiplication

Factor.
¥ The adder D can also  be weacke with

Opawaps.
P R:
y e W v Rey , R,
. O— AWM o=_(-v.+__,_vz4_..)
- R, Ri2
" (Y oV

Rz 0
. I/

¥  Tlhe Crant  ow e previovs poge canm be Simplifed

because ere are  too wauy uwerlers  bub tlis s

a swall detail.
The  Circwit o e previovs  page i5 aw  exawple of
how & daw ped oOscillation can be calculyded usivg
aunaloy electronics. Au exawmple of a damped ogcillgdion
is a Quiter Skring  or a bell . Thus, the gb ove
(\rcu t gchra’f?" musical Siguals. The <P»‘r54 electromc
gywlw;‘:ur} were  wiocle ja s way. We can [ wrer g ine
fuat e values at ™ x(s) and [ X (o) were
Pud  Yleore \o)/ a touch o a ey wWhere tle hote
(Yreguency ) i also  deder wniued by the inlegradion
(ousSYam ¥ (RC) of  Fle iulegrqw'ors



U

§ (Ma“ "'«(Wq 4:‘cal

0 (leer
aud

awpl;‘ﬁ'er_g

Y~
J;/

loga f‘l"\leC.

CH‘C(AH’S

ﬁI[D_O

'3

are i,

éxponential

R
=/

Logari“\wu‘c prov\eV)'Ll‘al
aW\Pla?Hr ClUV\p\;f;("r
T.. le )oﬂari-\l«w\.‘c awpln"(frr‘? the mput  Currend
I;: - V(/R Passes “«moua\q tlhe "l'ral/le.S"‘Of". Since
P virbua\ gronnd
Ve =0 awd Vp, = 0  wt Can  use the diode eguation
o¢ Ebers - Mol .
| Vi Ve ,3
T = Jp = Lo exp ( T/;_) )
fﬁv\or:ug ‘)l’? | auo\ V‘Sl'“\g Vo:: "VRE we See
{hat
Vi
Vo = "'VT \h :E':R)
Noke Huad Vo hes o be positive.




V4

For tle €Xpov\em4ia\ ampl;‘(frf" (+ s o 1 diffcal}

1o S\’\OW +hat

— V.
L, = - To e ("V;)
vo - "I( (2 = I;R exp ('—-—)
3
'\ wote - V: g to be Mgai-iwe )
Cowlo;m‘ug ),Ogar,'“"wic and  €xpowvential  (an}s - )Dﬁq-
caleul ations of +he

Cithwac) aw.pn,(’;e.-s we can walke

£7Fe
"

v o= exp (n + ,h[X))

" Xn
X exp

I—m CL\QP‘}‘?P e

we Saw [/\OW +o

.l OSC(”(Z*WSY '

Now we will ute the Same

avoid oscy lla Fiong

Olﬁa\/gij "0 Wake OSC\IHO'L'DM; [napp(‘n .
A;Z fo become real and  <-1

We need

T f

o J ; Ref

osclladion, ~

~p0r Some -‘?P(’%MQV\C\/ ( See N\/iuiﬂ

S P here )




s

ASSuwu'mg a  Flat A‘ without poles aud
phace chauges , we can  See that 3 poles are Needed

in B % aclkicve tat .

For ertawmple

">y
:

B = (RP- SR /we) + | (Ywel-6RY )

T OSC;“ahou ‘?NQWO\C)V, qt X , ‘éL-C iu«agiuqry

Parf of P Is =ero.

(J_ )2= éRz = wr= V‘I'E'.'RC

We

Auoller exawmple is fle Col pi l4s  Oscillat er .
T+ caugtg-ls O'F an Opawp wf'“»\ hega-h’w 4€2dl=acl< .

So Y needs also turee pobs. i P dlis case {L.,ey

are W\O‘d-t by +H)o CQPOC{“‘(& s aqal O (OC.L.
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R,
_.._.MVLR' Colpitbs  Oscillad
f -] ~ olp s | or
Vi \ °
—0 Vo
T
= L
AT
¢ == - C
I. ——

Tle feedbacx B loop

Can e Visualized as o—» |J;(p)
Tt is wof easy lo e

X 7 R
(at(‘ulale P' !""‘ \au"" ( K e

Vo ¢

wt (an (VR PP aQ

s.'mpt;?c Cq-L"OV\:

Al X . feedbacle  wigd
‘9: Tcal ( l."““ﬂl'b\.ﬁly Par"‘ = 0 ) . PlUS ¢ ("c wt *SSuu«( 2(
b be lorge | it st mean feat H{le  icipedance

‘Ffvw\ “—4 Wfpu-} o-F {Lo. amp(ifier |ool¢.‘q9 iate ‘“44

Ve cLe Bn‘dg,g, must be real :
L coue Ry on Z = '/jwc 4 (ij + ijc' )
¢ ¢ ! : L
T T . goe (ubd )-wc)
T <4 jwib 4 =
JuJC J(—UC



(L/c =1 /urc?) (2

Z = ' must be  real
) J ('CJC twl - 5e)
pr=== -—2‘—— - O
) s+ wl

Can ‘.\e unaclg O.F a

Cehhmnnr 44 -l-r.‘gg.(r
Ye
—y— Y >
¢ }
v,
‘I_“ < *‘9-
\[} vﬂ
For v, o dlere are 4wo posstbl( S”‘Q*)PJ' al 4L-¢
Output  + Voo awd -V cdfﬂf'ﬂd"“g on {le L\:‘S‘*or)f.

Thus | ‘for Vi 50 , we can read Tl Meprory €lwmen?.

Fo prograu, tlhe eltwent  a

Vg & -E-" Vee should he set ai vV: . This
R+ R,

VOH'age ‘m‘% her Clan

malees

e oud put Jo - Vee [logical “0" ) To

Prongw\ a

o n R
log?cq\ 1! , @ vol-‘age ‘Gelow V, - -Z-FL? Vee should be

t

Sedb at  tle iupat.
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A wemory  elewment 5 a bistable elwend. T+ can

take either of Fwo out put values and s stable.

COv\’rras-\»iug this 5 a Astable  Mults vlbpa)-.a which

is  asyable at boita possible  ouwbput values F Vee

Vy PR
(] 4+ Vi

-I-““‘lat‘V\—C v, at "VCc Vp is {ten at -'R,%—LQ, V.,
= —/?Vcc . Tmagc;-c Va sdarts at + ﬂ Vee .
I — Throuh fe  resisdane R will
2 R |
+F% L_o ',p\i-l.‘q”\/ (1‘-”0) 9o a cuvrend
'q “Vee
o “ L (BVee - (V)R

This 'C‘u;‘;m-}. will w«cl«ara,g c ! Becuse of -l-lm‘sl

Vi 1S ‘owder{ua [No-le Juad  Juws T s COMS'\au-H),

feduced aud s wod COMS-)qn+ ) T+ s 414(,5
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dec ay ('ua -frows -+ ﬁ Vee 4o

RxC. Howewr,

expo nenti a”y

—Vee , with an RC Hwme of

W'A(h it f(ach_(j - p ch :“ b(’(OWS lOWff‘ ‘{'L’Ql—\

Vp . T. tuis cage ftue oul put  commutes —Veo —* + Vec

and a reverse cycle tharts

.. Vee
f\ /\ P
TN\
. .-—BVtc
ce e e ST Ve
o~ —t | —
T1 T2

1o Claara,g He Capacitor ?

Bow lomg does it take

1) Storts at ¥ BVec ,i V, = “Vec + (B%) Vee exp ('4/1’)

2)  Awing al -~ Vee
V,, = =Vee + (1) Vee @xp (- ¥rc)

3) Tle relaXation dine s
_.
T_: Rc
y) Stops at  Vie - Bl
+8
= Ty = Re ln ("7)

T a S;W\f'ar wc-y we can Show juagr T2 = T1 Qg

iv\ "‘0"«\
T = 2 RC \“\ {'._l_'z

A

os¢c = 27T




CHAPTER N

OUT pPus STAGE S
ct ¢4 Sedra

cth " Bﬂgar"'

Up {0 now we hawe d"“’i\/ad tlee Circuits
withood Worlyin 9 abou whal was  counceted 1o

it . Tu  facd we bhove ﬂ'ways. assumed  tie ideal

'

case |, wih nod hiu g cornec fed.

Horeover | {lee Siguals g ke various S-}agp; of Jlo
awplidication  were a'oua/ Suwal) Siquals , Htus
9uafaul-€e;ug ted it wos worliing  in e lineon
regue. To Huis way, W ouly 4"‘1“0'6)/ appeariug
at due  oulpud wes He oue  supplied ot Jue inpud.
Whew  fle o-u-)f,q-} Sijma\ is not Swall ‘ nou - linear: -
lies  wight occur.  This o be put in ke o called
tota! - harwouic disdordion  [THD) which dloseribes
fa  percondage of  power  appearivg  at fle

harwrouics 2*40 ‘ ;"‘"{o e, @ of Jhe 4"‘"‘"""“”’*‘*’

fo .




Aunoluer ]mpor"’au‘\' para we ter is dle output registance
‘\W-\' 01( e 'l'O"’u\ (l‘fCul""- Our S:aua, a“"P“‘{"?fS
Aiscussed v tle Pi‘(Vv'OUS Claap-)-t’rs (d“ffvanl.‘a? pair
aud (owmmon v tier awr'-'{o'er ) all had Ll(‘g\'\
oud pw‘ resistauce ( ~ Pc,"’ k_s's ) , When
(OMMc-l'l'ug a load 4 Huis Ltigh— ohuirc awP},'{’,-,,-g
_“,\e gaim wi dror) §(3h|“{f'ca¢4'”‘/, (oug,‘,(,,-m
(o Uwuh;ua awp“qo:‘rr‘ ‘fo which  woe Corumec +
Sealeers ("’ 8 )
loox 3 8-‘7- 3
— QA [=0}~~
el
S
Tle %qlm drops {roua 000 €o {000 * éﬁ—zoa) 2.7
(o facdor 3-76 l)
We wewd an out pu? .r-)ag,e with low resistance
ot tue  output. Frowa lectures i Circurd aual'/sf_( '
we Wwow ‘uad ) S;V(V\ au a""'P"’{"H‘ wi-}l\ 0“‘9pu+‘

Ns1s4awq' {te WACI Yy M UAA
load  frsistamee is R
A‘thugh Tue "afo“""‘g Canno t he

i versed

POM)'Cf' "'d‘auf(.ﬂ- Y wohets ‘/'Lc

()

[




we will use e expecked lood  reisdaue os

aw  indicadiown of e desired Ow’pu‘) I‘(si.("}qwce

Dot ler tw\pariau—! as pect is e heat Gtncradec
insice  the  Compoments.  Telall, , Fhe heat i

ouly gewerated  Oubide e aupti dign T

’

| o . Howut ver , S?gui‘?n‘cm—.-) heal can be Generted
tn Yt Yrausisdors. Such  drawvsistors  caw over hogd
Fiwally , #  i5 important o kunow what Yl

Du'lpw\ r\'gua‘s can  be | Ave "“Ae/ it ded b/ auy
vol-‘agg (or & avaple : wly possive VO).L,_.,}”) . We W
Stard with  this.

Classidication of ocdpu-} A‘-lag,es

The cla S'S(.(l'(q‘l;o“ O'F amrlf‘g‘ewg (s IDG.QC, On */Le
WC‘V(‘?OI'W\ O'F ',L!-( (Oufc-"of Currtnn 4 a-’- s“,.( ou.). P"'"" whn
o Sinvsoi dal i“P‘V’ Si gml 53 afph‘ecl .

IV\ "“41'/ wa)/ Can ‘9-( G(‘S"" fﬂaug‘jl\(d 'L‘.qe various

“classes " of awaplifiers . See  the Foures on  the

nex+ page .
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3600 o_f Sing apprers
4_"’ OM’} PW‘
(0%

(1} ClA»SS K 1]

(80° of sine appcars

at oulput . so%

"

“class ¢
< go° of sime appeers

at ou-“)u'\ . < ¢$o°

“class AB"
behuean 180° awd 260°

appears at 0“"(’“‘)
Sso¥, , < 100%

clagsses




VC
Vi Qlc The ‘DO-HO«M Far'} is A
D \1$TE o Vo Carptvd  Source dedining dle
R T
Q, ‘%RL Curvent T (see p. B of ck_i)

+Vee

—ch \ /
{ - v, —»
iy :7/( "
- Vee

Tle gain 1 1 The

out pud vo\-)ag,g s bivwydeel

by e powst Supp‘y  eitler Cu“-“—-g at  +Ve. by @,

or - Ve ‘oy R: - Hoveover, Te hes to le positive

Thus VO hos  Ho l}?_ bl‘f’g,(r thon - L QL '

pPower  convercigwn e‘ﬁpfdemcy

PL — powtr at load

'} - Ps — power Su‘:ph'ed 4o Ou-)Pu-\- $~|a3,¢

Tue  MmOori v Swivy at Yo

RS Fr‘ouv\ - Vtc +o -+ VC<

The ovwoge power P duws

T T
; v,
P = J V() -Tt)-db - J Vee St (wit). = i (wt)
0 v L
(Tis Ll ffﬂ'od) - A V:c
2 R
L

The  -Vee  powrer

Supply Supplivs a  (oustandt
of oI (Q‘ + cliode). The

Cureenmt

Curpen

Suppl.'ec’ Ly -+~ \{:c
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o o 21 Ty Gutrage s Tvs

CWc‘uas (’f’OW\

T.
r T
PS' = #) ('_VC¢)’ (—2 I) d+ + ;&j (VCC . I-} ycc’I'S:vv W"’)A"
d °

- 3 v('c I
v!
N = f& - ’/2 ‘c/ﬂl_ - ’l ch
- P‘ - e ———————— -— S————

For a qood polarization I-= v“/m. . Thus | dhe

Mo Xt mauwmn e{frciemcy 'S '5%.

( . CLA
clLASs B ClAss A . 2x ss 8

VCC A/

90(;0\ (¥ 4 1
Q “%
Vo ; 1 v,
~0.3 0.7
Qe

’Vcr.

This cless R outp ad g-lag,g ousists of aun
npw and a  pwp  traungsistor n Series | They counmot
bO“'\‘\ conduct a'\ the Sawu ‘};M& . ’“‘W'J €lim.’na4.‘»g

fue  guiescent poweEr (onsuwmplion. The price peid

‘s aw inaclive  fegion —03 V... +0-7 V.



Moy maum

Q{Jl‘m'eu\cy . (ij«wa? *’Q

2 «0.2 V los:e;)

le other Crcwit

,
P:“: U Ve Jo, = 3) W Glhyg dt

T
[
PS Y1 Ol-ﬂ!fnw# Ps: -'ré V‘c I“ at
T/2 2 4
P; = TJ Vee _2.2(“ ?'J -V, *+ — dt
L R,
T/a
V"f c:“:f%cj @
Mh '
— ¢
\ POMNJ Ly
'-'VCc (Qq,)

max © Vv, (1) = Vee Sin (wt)

Th Sinlwt) avea ' 2/
9 t41
Pg - %) (Vct /(ZL) Sin (wt) dt W

Tl {~»
o j,Vct/BL
e
L &
- f—"-' ’}L vtC/ﬂL T a/
V]- Ps = — = '27 = 19 %

q/ZTT Vc: / ,ZL
u Q.'au( ‘{c'cavnf mereage Cow\parec) to fre clase A

Ou"pu" S"aa,( 0‘€ p- {




To avoid ke cross- over  clistordion {ro e
-03v t t03 v, #e trausistors coa be
Ll‘akd I;S"'tao‘ O'F 2 X% 8 ] ) resald 5 2 x Ag .

Vt(
-—-—-—-—.j @, VBG should l’( clhosen (a
——'V" Vo -{
g 0‘{,‘5 Q %RL tuis way 0 wwrgiwally
“‘ z
— = OP'CW Lie two '('l‘auS[;”f‘orS
“Vee at VvV, =z o | Too wiuch bios
W “ canie qQu Un MC(SSa"/ 2“.‘{$C(n + Caurirtn +
(Too #0 , Teo #° for Vizo ). Too little bias wil
Caunse "cro;g.-ovcr “ or “dead baud “
AV\ elegam-\ way do ;W\pl(wwn" Jbis s lu:'“«
o Curpent  Source and driodes :
Vec Tle dioclss guaracm)-ee
I’ that LJO‘“\ "'f‘av\g.‘(}org
o Yo art w\argiua”\/ OP-I*' at
V- %QL V. o . ( Note that Vo
: =0-:}\/ for V. = OV)
Ve
Aunotlher way to do (4 is L)/ an Vlg.E W‘MH;Pla‘rr

(see wext page )



v \1 G,
“Vee
[ _J
Veg wauldiplicr
1‘9“0“.“3 e bagp Currend  of ik Vg WM"}{p,ﬂ'f‘
i+ taun be shouvn Htuat the  currat Ty Causing
a Vouagc drop of Vge (0.7 V) in R, wust
Cause a voltage drop of R, T, = 122.\%5
l
i resistance R,. The total drop e ke Vgg
manltiplier s thus
| '
Vge 723':- Vee = Ve (14 z/2‘)
Heat %qu-‘-cd by trausisdors
A Transisdor Catrnp } exceed a l{w’g{ra-’-um ofl
1S0° ¢ - 200°C Wit bigler dewnperatures  Aley
%c-l clfs-\ros/ecl .‘rrcwr;'.\al),




1o

Tlhe Pourr %ow:ra‘ec\ inside a dransistor cCauses

o rise i teusperaiure of ke Junclion, This hee 4

is tvrawn Spof‘"fd {o Yhe aunrbiend

TA H G mbc.ey. -‘ ',"(WP.(I‘Q ',‘UN
A 3 U s b
P Power wergted a+t
Tj i TA . 4- %
RT J\AV\C s Oy
: Pow travsporded 4
transisior 1 awbimd Pr o pored o
—t >

Guabiond

Ry @ Therwal pesistauce of

Paclca%g,
The trawspord oF  leat 4o tle

QWLiPm'l , PT s
Livai ded by dlee 'u/\erwal

¢

(ouduC"'iw'*/ c)‘f {lo Lua"t'f-'a,_s

. T‘A;S Cau b( ‘MOd.e“Pd by ‘lL‘-Q
paraue ber  Rr | Ve tlennal  resisdividy

( pacleage | air, etc. )

The heg+
Lraw SPOPJ"(J Y pro Pov"h'o'»\o" fo tle ’-euar. grad,-P“.):

PT = (T')"' TA )/21'
Whev eguilibrivw s established ‘

e lLeat +rampor#c’

s ezuq) to e heat %MV‘akd ' P

T4 s ?cdy
lews peratury s Alon
TI = TA -f P' RT

(Moke :  wuid of 2‘.

lo ow Yat e ial

is WK/w o Clw )
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Vee
RL-’ § p RT:&OI‘/“,’TA: 2s °C
we  want 25 W output power
. V ~ux
Vi ° P, 25 W
Ry
‘ e X 7 Vl
= Sinee ?L c 2V Cc /RL wre
-Vce s V,
s.jh ce = 20 "4
Thewn
2
P. = "zVCc lp, = 2 20°/8 = W
2
PS = = VC: /2L = 3.8 w
power  dissipaled iusice due  trausistors
p= p-PL = 6.8 w
Perr Yraucistor
P - 3.4 W
Theerr , \LLQ J’umc"-cbm J-twp(ra-‘-urr Wo” 190
- 2s © . ¥ °
T c + 39w f C/w . 297 °C
T(A:S +raus"$-)o(- Wd'l) bUV'V\E A wa/v “d P’YWM* 4’41)’

S 40 use SP'“'I'CJ— W‘—c{‘q' ‘l‘quSiS‘)‘orS w here *H«e

collecdpr (wlhich gewrak; wiost of Jle heat) 5 in direct

contact willh fhe wetal coze aud uge |eat
Sinles . or use V(U\\ll'q-lars oun 'I’OP of 'flae

fravngistors




-« SHuaple +ransis tor
w:"b\ Plos.l;c Pacllihg
ex. fc 9‘(7

«—— fransistor Wity
waetal Caging
€, 2n 27222

-
(a4 o _ o -
5
"S; FRONT VIEW g 'EVO\MS 'S ')or WI." L\
(21
qs head siuke o Screw 4o
QL
o Cireuid board

BCE

TIP31C
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exdencled head sinlk
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