AnALoG

ELtet poniC

CWRLY TS

—

1—

—_— \ ant” =4 V'lﬂ

Crroi.

" Mﬁvﬁd(’dﬁ“\’k SN’“"

S

<— Resashr E%

Q= CV
1=

+ )I —
v j—c: Liren,

V= L4T -
ac

Xitx, —> yl""\{z

&Y\ _‘-byb_’

0\/1 o b\jz,

“Su\.),,_' ymg-,m y



Y= X+
Not  Linear

X=
=0 —7 7‘;L | —
X;‘ B \[—/1_/3
For bm«s’a X =0

= = Y=o

3o -
1) LU \
SG:\';::;- MW'& \y = \_('/V.
\
\")“6’ vy QT



N avess ah demuit
i" P
. -

kKvb  kew + omet fdsv\vw\mra g —
k
E 5 V= ILg + "
»/ T b= % [o(%)-] >
O E—
— ' ¥
/ Elwox '—__’V
i I S S—
—— 03V " W% /(__T
- s






Ao V=N — _
SATh == L[ ) ]
Vo ( |
o ¥ iy
oYMW)‘:JK
{09 - ()Y
2 4”&@ (vif <
n=o Y)
= (3(&) + J{/[Y) [k—xo) + J”[xa) (x—x.,-r
= Vb tab) _
‘T‘A% = I.s ? > j ‘(l(ﬁ)(w_)

]

1s qu )—l:, + L \ AV
0y f (4«, 40’_..>

£Ox)



'R
AV-— 4y - 4%, = Tﬁ_ AV
R Vi

Av, AN, AT, =7 INWe mets
AT B
T‘ww"w'w-,ﬂl Q‘Vu;vJo.«"'

AN AL W ¥



14

24

\ .




WWW. 2e.Likm.ac.in /'VVX ! \ hmd

/ /
, // "’MﬂLmAfﬁL\LMﬁfﬂ@- dokw




\r lec 2 e
q.35 v Np = 0.5V
e S 1 EE—
1 - m = 0b s
v 1 .2 D
lo | 1o l
.35k,
q. kN ol IT»( Ve _  asmV o s
— R
H\ED S (v [ Aiy/) -% D fwr A
v [___——) 41, = Y to‘—})AA
I Q135 k+d5
|Q ’Hw AVD-— AIJ ‘); = le\/
J
/ o g Vi = Vp tals = 065VF 3:FmV
DY?*. N 0%’ > >
: }fﬂ - ~ —
v 2., 0 ¥ T, = Jyt alp = l10Fmh
7 X Yo






A asi/ é; A~ Srald - Wi
| Y
W WD\'//_»W e \ L[ D v dd_
G| J ) |
[ " M\
2 j—-Som
Homunt | Ss o “/ .
—W\— A —
A~ } n
e — = ”
— e — Y
= = '=
—— FB —
— R — —— OC f
L £L— \/- Source
——=—1 £ ),
L Sc
_—.@l_ —= +— 0°C




) .
r %—F = ﬁ OF“&\'V?,
—T Jy 2 9 v

2 &_V\l'g,g('q,ﬂ-l- J— k°l'(\+_
/

)
+ 8 Tt
R _ —_— ]/VMQ




T(O\M,wam{)\ — Vol v "

N a A

D)oo‘c — VoH—A}q d_gu'w Wlo/e_ ’;L Y w r\?,a/)v‘/c_
~ = )

-

/) <— "gabe ope.

e LA g
1, : I, (21, U3 el [H]) [Aser], [#d--]
V,“— lha’~|7w+ z. T Vs, [s]

. - T : e v
- | L I, = W+ i Vo 2 o [\/” i [ \
I), Y?r) Yt» Vo

I,-=

Yar Vo Yoz Vo
[17 =[] [v]



\=

X







LT

A o

e

N\ v

\

e

_—\

\ A
Va,

Mav.

0.47,“-}

.

f)n b\n:)




3)
)

f D 0wt ’_W’”
T 4

Awy)u O -

) g

;z) Gour

AL
1 @

] : - ‘/4’

“ Unilatural i P

v +Y, U
‘; = y“ |
!

U
Y, +* o Up
|

' b= 2‘

K
£,

et

A epandleat of

2-T
;Ir af-L
g \ 57 |
S




L_; ’U( '\’L “= E8

—— | |\
b i
Vsé “’“ﬁ fj.m ‘JL.VI/]? j h I ﬂ
%0 1 o
- G, Cg % J ?W* W*’ ..
1 3




_—_\jz/\__> ( Vg bs — ’U"'jl; ~+ V. ( Sju—'f*&(.) =0
Y + b
Y, - (\5;,\' 6\5> = v, - [\jlz\ju = (Uu'f‘c.s) (\Ju_-!‘c‘l)]

-

v, Jur s
o dodu = (Yuty) (Yaet )
Hoppero e &

DL TSR S B M (R10)] €91 A S 0L
Lr) \)Mlﬂb’fw ; X‘Jll =D

V3 - _'\37—\ GA

(U\\‘l’(u) (32«”’ &L>

Vs



2) Cann ""A‘f"i e 2 [ Y=0
Vs, — Y /

U,s \51.1,1‘ GL

| ‘ju—’ 62 (m;m
L AD ))M&;Ue,
D Tdp ¢ k) — e wll bea fo g R
Y =0 Jo =0 [f\\] - S;La
- lGM = 9©
‘ju M?“ Voo

s ble

Y22=7°

]

Vy _

-~ Y1




J
v

—> # MOSFET

amlplit,
—> P'W + @IT, JFET -




[ N MOSFET v nMoS

b
{:7—/’@ e ‘ ()I\A?Q, Lyriws
S

C e bt |
D bt 2
S rv# Fevminal
D
Re
——f“% i
A
v, S



\IT  Thrahe)l \}ol
Mr\ . Yht)blAn%
Cox @ Okxide ca}pmmlswute, {jnu un't ana m/«)

N, L2 Widtn & 'L»?ﬁ\ «F MoSPET @M»ud a-bome/)(n'c /qfﬂmefo/m

A
Unhavemeny mode MOSEET V, 70 Vp = 05V

(X:,?Ieﬁmv Mode nMOSFET < Vr <0

L E

[ }————(
K»

\/-,;t ~ -0V



Tode
Jints?

[

j\\ =

\jz_z- =o©°

PR

-
-

3”’:0

bec.

20 -

L'

q

g.q“‘Mfa'HM Y4, pn —
. ?‘ Vc:
Ve, () ~ =
— Ve, ( . . .
~Vas, l CY%7 / ‘
> Vps 1.,, 36\+um+fm .
J:D:__:é_ M box [:’_ﬁ) (Vu.c-V
bee. Jg =0
1o 52 (Vas) M} J
PR = “"'Y‘QM owwfud'qmb” ?m
Dvﬁs (Vas"/.,-)

2
T

)

-—
-

2Ty

—

fonon






< _

:)2—2— :bo - bw+ a fwau nMMbM
"CJl’\avmd L»vz'ﬁ\ medhadm”’ L =2 L+aL

L
£ (1)

7‘ - Mw:)'ﬂ \}; Vﬂl

) (Va.s"v'r) (‘ + )'v”) Az v Sesdh
















Simall S\;r-nx egjun valed  coruk

. X _§ » Ve
& Rallk ‘ N YRIE
AllRg Ve pIt AL 1Ydy
N\
s 4 -
Uy, = Vg - ha llRs L We Wast Vg = U
K,s—y A/}”KJ
Yoo U if A e, 72 K, > o 4 a, 77K,
Vs, > Lo Ny
£ 47hs
Uz =G (RolRfirw) - s

We vrant Vo = 9.0



> /< &R "7 A -Sl’"-’v\lo\ b&. V. J»-Aa /
+ T 77 A ER
J" RD >; RL,

\ i NEY S
Vop = VDS, + Tphs X/V /
lev?d o oun?
Ihnm" b(. L)Z o (A Q M ouv

Choo e (.0\‘76(')' /\_-p /%U&

. LZIN "'jm (ﬂp”gl)
a.o‘m

Vs

(%)



N -
_Vop (V«g, , V,S) Vas, (a7¢_ (f/lj '7
] / tsdg)
K
o D V. ém,,n — 7_M — I, Vs,
oQ j od &, 'U;o ~ U,
| fk“ e ol D
k k!’ - é K;DI,IQL.
S 1\)‘ 1 ‘2’ l_
- p :
k = U, %'V = by
+ V v < L ” i
Vis= Vst Vg )
Vg = =4, (RoIR) Ve = AV
é\’bs = U + Uk — tm Lo
\ : -
- 7 1-.4) - I e T td \?{J = 3““ ’U]A = %m -
OF H VDS - v“ 5 /VT — 1}6 - VJ MV,V;)‘L’
4= %\ Sina¥
Vvs, 7 Vhs,

VW= - A Y Sin'}k



§ =9,)s ST

Iotid =0 = I, = Vs =0

=




+rode

'(/wu‘l .

UM Mum { Ve, Vsej? Vsa




Qwiz 3 - Nove/m_lyw lqﬂ\(-gum —

Erd  Somesben — Decsmbir (4" (i)

‘oM,
Jo=— i .
{ 'j,Ds r\n Cﬂx(t)[(vus’\’-r)\’os
\au = \d"’ =0
- b
b B s el




h :_:\J’Q\‘. > A dﬂ}d dane, & (0\7*’“ tjvv
6—” jl«l“'é‘l_ 6‘”
8.%.4 0\»’,{, dw € wld jl-l

[————q-'—-k’kn/ \An 60\‘:: \QOTAA/V‘— VQS\ = |-SV ./(vb\é,’v‘b = 0.5V —
VT: ‘V

= ;)I.X\Qo].;\ x 10 x (O-S') = IQS_I\AA
(ﬂ> = |0 Vos. = 5-)as = 3-25V V
[

\——(: H*‘_IT 8
1l
—b

5
(

jw\: Alp, - M = 0:SmS

Vo= In _ 1asph 250mV Swivy Aionad
o gl v
~ ZAS0m
Ve, = Vps, = (Vs Vo) - 2 o= S¢S mV
1+ 9wk 6






'LD:

Ss 0\}7},\,;1.
jﬁ(vas s Vo)

Ny

T, + k= (Vas,Vos) o/ 24 /
Mo

J—/é‘ﬂvm+ 94: r.v44+--.
b <D Vs









‘é‘-)

Voo —2q ¥
Ve j""uj

oD ‘l’ I‘L"o
Vo
h
D
AW ——
nt n ‘%{'n*)
P-sub
4 VDJ

Lotvwsic » i’ MOSFE T
(Max)mum) ﬁ}u




[«

2

W

X

1)




Ma , Con, (%) Ve
ln }___] \\//

R_ . 7
kJ J j VA7 U'ﬁ’\ // Aw s
% o 1 ablicts_det
M = D - jQO/ - —FC VO Mb% o /;uA
—t’?# \,ﬂ.p‘ R ol

Bias sm.u m,m L7V D P lge X

(}M 'lﬂdef' 07t yo‘s 7? VOLS '—v—r

% = r"ncox( )&9«4;’1’)

Vs ghoold Jak Vo
VU\S’VT - w}qw—}' — _T_D:_ UW)‘QVI'}




Negah . Feedbak
—
depired q/v«avml\‘(a D
W cvm,\%@ A
*# Soue D & A
¥ &W\}?one« A with D

* dae A hwards D
AUhrCA dvain WIYVM')' =
a(’M q n =
4D -
. ) — &Zn
D-A ”‘WWKJ&

e
DL
— .3,
L










EYV-‘Vwc



VAJ.

“% W[ W !
L
7 — /W
—3, = 76
Z:7- ”[L- MJ,
Vi, /271
Vs, =
Mz VG,L&'-'— Vas.
Vos = Vi — Vu,
V’_g 7 VAS,.“VT

!




X Gy > y
R, Rp é [ R,

GL pl—
3SS ' = “—*%
7 K.s %Rb q‘) 1 '21_.
ot ST

[
Ug = Rp = /?WL Y V, =~ Gy R
A.s‘f&b"’/?m *
)
We  want Yy & Yy




A-D

{]/

’\

<

-~










\»
=)

i

We h/an’J'

Vs L = Vs fj
Y

(Va." A)

=APN) { ve  won?
Va-$7\ = Vs J}}

?Vx’)*{




f‘iﬁ‘
— (\/-r‘f' Fwé"x(%)












Triode limit 3 Vp = Va-V¥r

Vorls = Yy ~VsmVy
V.
el Pl \ Vs = Vst



Vop - R

Ly + s

\/\/\)
Vi,

Vo ( L+ G (Lﬁl)&))

Gue 1 °

l
+ VA% -V
e~

-

- Fa — T.Rp ‘\"V-r
Kg+ﬂ@
v, =\t (Voﬁ‘zA — Lﬂ))? lowar  fom — e
A Potle

VA = (VDD"I°R> (\’ fitx )

(4 W (Lp M._)

= (VDD—I,,QD> = Gm (ﬂ_p”ﬂ._,}’

T

—



C.. lhu /(A7¢)
feay - a)z o
&| \“QC| - !
» | 4 Qc =
&, \"’@' r{ ‘ I ¢ (/23 + /?4/1125)
U L=
Q ; LJC‘ << low&f)' MM\ZJ
] J —> mtont Vv
We, . — j -
C
F—%' e v Ralle RES
L LS Ve et 2yl)ct L

e



[ah 19 /30ogm — hoon

Tt Moj | Aro Lyin N MM wr TAs — K~
T\A')W‘“/{ o'z 21 7! ) 2 — ):-n‘

lec 8

¥ Quwiz 3 —  Nov
+  Tatprad 2 — Due g 15™ Sep - 2017
X
£

X
Feedbak — Pro Sl Al sahion

Sepved @ I

(o olled

p -ZJ Lf‘ U‘oy’s d}f bias 4= b.

. vl/l, V._r



Seme Ty =7 Do Vu =2 e I
S Is —7 Drm Vs - ]

w Sorse_ .T/p —  Dive Ve
T, Iﬁ J:_p >To 5 V. J (WE, sart Vs /T)
Y Ijﬁ Iy< T ; V4 T ( ve  wank Vs i)



Vo _> Vo= A (Ve-Vl)
\/___ —
Zin=0d
Z.f=o0
V¢
1’=0\L ’ i[ ﬁA (Y4-v.)
- - Do
Vivhwad -Shat " boboewn + & - Feam; nals
Iip=o Vivhad

L)v\“)' V_’, = V_ -Sl'!n/"l'

OV\;'] w hem Dfamﬁ w0 /;(au)( (A
Yl?ﬁ,-‘,—?az. qutk



2L Vas ~V¢ = Vov
FM R 2
Vs = Vao ~ Vas, =
VD, - V\‘ Vr%{;
V“‘I’







(e W — HW

—_—

gwixi fiw‘k ~fv/ Cﬂw/m & .[_\7’_ HW

Cope IV = Seme T

DYN‘L V&

X
Nca,w["a./e, fULdbot(A fr AC

\\//;T' :>A V.= A (V.,.—V_)
A =700
Zip=0d
Zot=o0 1M> wifi
p=70

_V: VS
T=0
v A (V+-v-)

£ D
TRy




Yin
Via =+ Vovf" = V'lr\
- ’de' = Vin
Z‘m-_/ o
7 \/a.H- = Vin
O\A‘l' - 0 ‘Umd- = ,U”\

_MOSFET - paed Vcvs 1 r;z:«/,m/
Negate Fead badk o
vV
£ Seme D AL A Vol

+ C‘mfa& A‘ “I.'fh }

* Do A —D
D= VUmn A=

A S S —
Jon Vs

A —————————

Vet

iA can be

Conolled ﬁ’)wyg 7{}4



not-00






e

2T, [E)
Cou (2
oo
Vo o+
LQC, ﬂ ]‘oﬂ"" \“‘SQ = \/—\7;;::
\pp~ jm IZL
fﬂhu/ |
\ ,(‘o\s& | \hqf
| . - K
)
00 R*N/
(N 3““







—
T G; n =/
o
(4) (2)
/ N
S

175 %—700 = 4 rVJ,r’O
w.' W flwh‘e (A
When in _ve 7[1;




o

)

<<
B

~N o

DC + AcC

Cpa

D)
)
1

\
COVY))’Y\(IY\

D(‘O&m

hraphpicn”

COM

(£)

i~
S(Mrcz.

i ,Po” vwfk"



| R ) Should be  muk
er\ = A R& (a?l/( F R_‘
£,F = f;—';[/rﬂ 20if F00
Y
R R A
S
ﬂ,sl i&g“f(é /J'{Tj‘:w
Z[) .
y e
}_/ Y iRL_ TZ o
WAPS Vg =0
s 3 ' ;)
T ¢ = ) i
L Ak ™ f— 7~wb+¢ﬁg 77& = éﬁ,_,
1"‘" ]
= 9 Vist  EVigF Uest f
Zte 3l



"V Ve X v
Lo, (@ 3

| Z Rylle, Yo KcL @ Souvte
j; ' L o V= (6 Ju) W
g —_ jRL.. Re gm (‘U.S,’U,) = (&L-’- JA‘) Vo

T Vs = (?m-\' Aufgd‘) - Vo

L TR WA ?F‘\
Vs
G gou
Mo S’\,: Wﬂ\ﬂhl ’/\ T’OJ]CL 9\/\‘,’ _‘..
v M P







£ Ve |




B
Toode Vo = Va—V, Cod g
Vf{f . ?w»kl— VA\ = 'V“&_\_ VA)"VT ID - I&‘I’ ld =0
T
Vo, = Vg —Vagavr Vo= =
— &



Vpp

Lg™

VvV

'S Sq

Y

&~s

v, ()

~ ~Ve

—r”’




S

P

WY

. [ - = Vin
V CCS ?_ ?,M —_ ‘ out ra
Via .
": J’ 'o.d_-; yﬁ-
L R <~ L
Tl = F‘_N

‘Zm‘,' =0






L
P9
:
X

Il

il

\ J

:
oS

s Riggr ;g
G Vg3 -)-("4—%\—“1’%) _ ket @ mede )

Y
“hoRiket £ Viar = MR ey et

9 Vs = drat (14 §nRT J0B)

Yot _ iy gk + R = L
l‘ém —

feat




—
°

v, = % (—}m'fﬂ) Lt = Tds
o )\// -ve fb- ’Z'W*:(?—mlz 7,

I “'1\‘\':( ] L
\[ oy %I | nhC a_,m
& 5 — f/),)_: 7\-11) , )

; Vs 1 L

Vu /’)Jp

“ Vteat

?
w M”T%\nx.,,,,ﬁa L Oy T (71*)

(%ma) Yds vv7 (a?z) Zin= RallRy ((""8">



" Trare ao(wv;—l’-,-;m(g; A'W\,b);,fn'u 0 -

\/sw-.?; Limits — H ﬂ

ek . Pkm sPlIHu
L+FmR

S AY) /UO\:’(V.Q

Fomk

. v
l o = ( 3—\ ~
Vo, = &_US ‘
3 H‘M



l 1] ﬂ+ = ‘ .|'\

'Z'M = 0

Zod = 00 S"‘du &W




—

|
+DC = b 1 R -
AT A
/ I, ;}' .55/ %{Q:L
1w ﬂ ‘m}; IEI
— A @i
&, Ioe e (
I auf




Yow-

— ——_\J;T ‘oi\:-jos TR" — O‘WLQNJ deftinire
g—o » ¢ \é(i\,t Zin f/,DTou =0
L —L“v ’T) \ . R) YAk ig prte
g‘ﬂ" A — \)r, YN v o0
J " f
_,'s

¢ G 1,
Z, =) ~ s mz‘“@”
n - — — 0 )5, 9\»—»& = [ Jf_;‘)"‘-‘-

i g_g
doik = Row That Gu¥dsks —2e0 jp 9,2
R

qiw-):u_ ?

o ,R . _
“J. _ Lout j << -Zom_}- T% g_vv,”"O} lout = lin /













0 udh  that
Choode. 9,y + be [ar;z, emovgh S

Me———
Uo RL_ '\hb’,‘é% R—{‘ 2-_54. << KL_
B [+ 9,

E‘ with R ?uw/' - HW- ea(e/ra‘c.ej










£ irent  inkide  PM0S  flows Loy  ED

* VSG\ 5 Vsp) V-T? )

# Vsq >V for dwice % ton duct

0 [ Voo, <V
L - j £ b <7
l W =
Py Cox <T>P (VsaP—VrP>- e Vsa, 7 Vrp

° (l+ 7\}) V'S.D an’l
P> o, < Ve, - Vr,
W 2.
[t Cor ( E’)p [(Vsﬁr"vﬁ’) VSDP — Vo § Veuz Ve,
R
ano{

VD_P 7 V“JD—\LJ‘



\

\J(I = yn—‘—o
\J')”’ : f‘@f VdJP
Ja= 222 =
DVSC\‘f O’b/)}-
%













(s

A4

—F>—|l—=

v

+0
o |
/L

'\,\:V‘C'\:‘

yJe |

0,

/M Ry
1=

It
e

NP

W\

%










nnl)k D E— ot e e Gf #~ @/ codahios
b\nl‘w}({m' |
J&ﬁﬂm h — A2 b‘v\/7 ﬁ MUW‘—/\L Yol

ot
I

gwu[ #/_—/—J/* SAQ’IQ’, gtﬂl ~ Ao

B — 2;2/ - ~ ~ -
L, Iy exprasim
viflmat A

l "V




LU" Io<;/:, = ’U;«L7\
We  want 777‘ T = h=+ve




S@u'fc.q_ Am};)f{},u«,

_7'_ Vop
0 T,
Tiaee
R ]_ Vs
R




_BrfM SJ—U«L)L'M %'uwn
Cucvent  Mivar

m—

|

| P‘%&ITL\ ul,“

T

\ )
L
F\N’v
6
B\

W Al Shoald be
ek









(e 3 &£ 4 —HW

C AR USL3



Ve
Vo

E—
A .

—
o

Vrg

i)




R

) vovs gain =

%@

\D

ilz

lec I3

z‘m - 00 2\"\,2—0









./
®)
fin=

R

d*

Vs

C

C

Y




g\w‘ﬂb ¢ I want lana,q, A
/ ~—
T Re
Ta., S
S . Vo= T,-R._
"rlb T(_’: PMOS  move 0(/94—6(
@ @ ‘(5 {7"od€,
VD;-Io"Zg \
PMOS  move 8) dronssh g ff Sua
dasex & Anode 19(\1,43 V) L s
! }aq
A Lo .
\‘ }‘Cﬂx(‘z"-) of)w‘ﬁm

chap









“ A(,L’.‘\/b" lo ad

Vo
o= oy (el -

S

2 =Y S
ot Vpm T~ [
7 [ Vs
Gonas ( |
. D
-,
ba. jﬁ 0,
e
SZ.
Jn, Vgs =
P=°



IDP: “-T’p,\
One._ gf?c, ”ﬁ
Ww Tovuter
o
eF dr_
0. le (VDS;°>



T .
e Hfz y T (T ) (T )
:): v, \/.,%o Hw s Deaw Vo VeV

5 (DC chova ufww%w)

Clowecad (oS Tovudo



A\

Lec Iy
— K ! l Tl T/Df\f
| \'& % .
T

() ' -+ Vs
g‘“ l%_jm @ 'U;TE( \/.7
" 5 \1,

A -
T, %’ = (90, + oy ( Tty || Ve )
= — __%Mn + 3«\}7 g‘,“" - ?ILA
M+ Ids ~
g §#p ?MF S



c\Z



—













CMOS GP qmlb

) b

5?) J)(’QFUM%AX inpnt

'3) Si%e, O(A‘{'])Mf—
lr) Z,= 0

’ V/#l I (%)

Vo = A(v,-v,)

V, / Vo Vo
l { p A(1)
5 C | -#0)









Lec_ |S

%
v
=4
\I(,M i
\lr/ A
) )’llo';o "l’ AV
oO“ o
l‘(:AV.fy



T CM  onaly game vv}q/e;w and
" 7«%8 < WAt lens Loﬂ) Sdes

- 7l K
—] l}jz g;l — _YZ:: oM OM'yX;S <— v(a A4 T o esther
Vf\:" x &'db oL exy,,@)( J'n
4 | . ~tde A4 0/6 /Ssg;,tc Yo
Cjé aT bred>

H“[?( &www'% OM%I‘S



%MIZ>7I
4V, :_?,,\,,Rﬁ\/ \

"ﬁw‘y R g,,\av C}M 77?

Lo o —gk
Jrg,mav A2 2

D

I/_o "’Av
‘}""”

uv °‘"

r& JVow‘:O

| |
= % VI L " v — 7—4 i +Av,
I ’ e Alem —M,:ﬂ-fg M

2L, 7‘

= o0 ((’W&) ot

A= O

Commm —made.

CMRR. = nejebim rafio

DM




ANVew a—/“.:l s A¥er
oL, *h = ivererdal
i O'ﬁ/;bu‘,' f?A;.S‘)qwuz_
ﬂ, i 27T, CS.




\)




V)

\

", =

vc,m =

VDM —

SV st
6V+ 2 St
5.5t 1S St

— 05V — 0°S findt”

3 \7 .
V(o-’l Voo % — v
\[7‘/

2 L
I\’\‘ 17,:113

L= ’;Zk' ( Vi-Ver)

! 2
L= Lk (vz_vx7)



b Aoz - %(YM;HYO%)
/ | 7 \/6)" J] My~ Den
M . ‘ e
My ‘\r, y f V T. la?&, OWW‘
(1] 0.\ .
\I\a_/| —




LoV,
Lo
\[ : o——/ J/ ¥ Ia l ‘ °

I " S T

Ve v = : :
. Z  New
;i —av
R 2

L1,

G (ro{éznrd.dcp)ﬂlf
%

A.DM — gm [WA:—}) rﬂuu)
2







oL marg / LT ) Bt
M £ My
\fcM - TM ch
T T
& M' gMA%'l___ M?—- °2

IV'C’“-M(%-»[GJ ancc%_g
— Hw-

o = 9., (g, )},

35746 35&‘&
Of@mf



@W'l'): 2 ’bl$ Lapgaon

8 }
~ |

Q Vas, £ Viu

J J

Vo \/ D
‘ J’(Qo:»{(/a\s) \/DD: _L& RI TV&S,—# VG\.SQ\

1,z Z){ o (%V) (Vo) -



Yo [

q YM

/2 \

N

—

So

N/

I~_q

NN\

[/

OA

o———wVv

Y Y

/

A/ TR

A

, &)

qan
(]

AN (anla

I







T?M(\)S Vem Y“a & Tdsy

:x,l }_:,Z ~ Vs (me\”e/( (mbo)
P’ | My @ 2

I T - DC v
a——lé $ 2T, U= — %'(T&& | mh') (wafgq/.
Vo

M,., Ve s
. : &T{va f:'i;



T3
V, o/\lll = o
j R~ IMA— Rl N
= \le &= g
| N~
T

MN
F o -gj b Jons r>———]~°”°
ST A™



N~ rﬂ 08((\ur
] Yds, K G Yd-&q,
/ -
> Vp Vo
—~Us
2

% Vs G U (| ) 5 ) = -



Vo




V. = G, Vs ( YM&”YO(AL{_) M, =M,
M‘}:MSL

Vo= A7 s (Yo, ) ¥eka )

v ¥ e
jj / ] Cji;%?'o

- %’V\l”} - 9,&’;

2



&




) FWVMM'? \De/hav MY ai OPan/lf$

e

(—* Ww‘f e rupite o
lo::/; am]b /fra

— R‘z od
[~ R
S " _
NG - R W . %{\EM\%?
— o R, = Y‘k& ds a
4+ @
ZA(VF’)

C MoS of;am/w — OPWorFW\AQ Trand (and u (Hav o AW\/JI;)C;(;VJ' @TA)




¢ o

X

*

Do
Can

|- 3#7)\ Opam}& /

not

Arive

drive Yegcbive
&Pa chive

&m = Gua,

lo adu
{oodJ




(@m'Q°§d6
ROW\M ’ /Q
odb °:’P —~ > 17}
LA o e
—S"
__qu =k L1
~ [ W)
L) = —as’ [ )
ban ¢ = ’—‘i;:: / {} b

W = W)}'tj OQm'n MW? = gm Ro - ‘ﬂ)/b

)

CJP:

R.Co.
Ro
A (x&) = Ae = %
aoI7lA/o>| =0db @ W
0y //)(o)‘ =] @ Wi
Dy F7 W, = = GumRo - Wp
%W’R“ -
(e
- oy
2 (& ¥
l/e,;7 coll =7 Gne Mo






L&

|\




MOSIPET

calbau'vLaqu

"

D

[
—
T

&/__w d ’00\7
4 - 3 51 %Y wem
\ — jwf ] . F;q;e/( 7
& G ©),
o%) S E— j |
g? (Bule/ :LCJ” \}4> % = Cdb
Subslrodﬁ) v{ (/_ @




6 Lox
4 D
-
,\ Il_(////ié//%ﬂ.//a
nt \ n*
Chonnd
P—Lub

P—suk

C?g‘) Cdb ele - ave
fwﬂ Fma dﬁ l/\// L 4 Cox
and drain QA Yea

Y
0,/)/(2.)



| 4+ A Cavay

g)e

Vg == Voo - Vs

¢

Vo + Vs _T:.Z‘

m% :1:3%, Mﬂ?‘ Y"‘T .



" * Co UJ;“ no7L
/ %)Qe_(,{_ A‘Jm
Ms T Hf( My b Couill opped Aan
I | [ — Ve (CQQ%Y‘CLO(JO Aem
\l_ﬁM C&j—!:— Ve ot Hg/&; Muﬂ«wwg)

flj}_”@“% £ at low fes®

M, Bem =0 CMRRL =p3

bard Lo ——
- M’QL)lC q+}‘/"/;")/

AcmaAdry)) CMRKﬁ [












ya '{\ VCM - V& N OV eAA€A

V:m: VDD—VSGE,\L = (/mAJ-wn+
M, moves H{owards +ode Yﬁ/}m

Ve o Vpp— VS&&/L + Vr,

IY)))U\" Commi m— Mo de Yq% i OPGM]b

ICMR: { VOMW\;M ) \/C/M ma.x}
A OW”PM‘J‘ Jw}% Limits

VDD—-Vsaq_ V1 = Vpp— VSD&C"%

=
£
{

\/ . = VCM —VT
0 min

@r&um\v\g (max (‘fan/\)









Vs

Pn&)









(1r5) (14) - (1t )

(1~ 4)(( ,__> (+73h_>




/\T mobile

/ P

;zw' @ oo with
a (L AR X\ ) 45 a\ﬂu Wl‘h/\

Appowt fhue Shipte

‘ D”"S//’: 20 No  Zesro
Vo =
ﬁﬂ‘ v 'g//’;
b )

A 'n cadh  pafh = '"4“””” Ty
by o e oG

|0(?0‘}rw (A‘/c.h
W’V'/’ﬁ/m’h/\

o depuni -
})hm IS peg). o(ﬂf'



\+ b
> ‘ No 2z
l/ ,\\ . on — A’a "f"A' © &ro
T T 4 s,
. /\_|r>___L@ i |+ //’/
P,
|+ 4
P
Ao
Bo &
j’> ' Vo _ Aa‘l" AJ _ A0+Al+ 3 B
U Ui 145&/ =
. Ao
A, — [Aa-{-AJ) (4 Aoﬁp—%
b, E




I “+3h
) /_]-> Vo A + /)2..
b 7 v s [k
AL — A 702, Aid ALJ
= S s

Cirdp)  Clrsf))

1> N 2 70(0

5 A1) T 2 Zevois
A







l|0w‘lf [9> — %) ?jl
<
= a4, U,
(Uo /‘D) — ‘low.{z {O>
= lont () -

R+ B

A

|+ 2%

|+ S s
Q ‘3
[ + 6 ¢,
o,




N C
(\)9(’3) = w °’ — &3@3 - (’))
'(|+LCI) ( I+ “4)
Fons

DC O‘tﬂin (IOW/F"@)/ Oiam)

b, 77 1. firm bl

C, 77 ¢









lec 19

¥ EV@V} node has Some. Ca}?au'fmwu_ G yyauna(
+ G"V nede  in J’N Ibq'ﬂ\ wi(/ c,oy;‘)ribmf-( o }701@.

: é ,(jr/ —C v
lml l

£ o:p )?'ole? o#gu'—s n?a};ve, Mbad& behaviour




R
(’oﬁ% a_w
“MW\QMZ v£4‘ )So %0“71 \L = — Vo= Ve
+ A = &) " £ - F
£ gy= b AL oo gaiy Megahe fadlak S opurabied
V; ’JL + A)-f CL G (g) whem Ma)- [ rad

(sl shold be £ 0nv

1\4 A(’&) ;\-ﬂ{ ;70('63/ L\)I'Lm"‘ M/WZ L) << “]P (I+A07L)



RN OR A, LG= f Ak = £ A

I+ d/w}, oy
CLat) = L. & WALE .. S ’
f b+ £ A0k 41 +  Af [+ 7, [A,,L D
1(4 = (00D }solc t LG = N/, = dp ok el
Dy = (6277 /Ok) reds }»(u £ Cli= au. lok - lool vadle.
Stability boanded input We oant “unmaulﬂ'mo\ﬂlg
bounded output Sfable” SZ.J‘J‘EIM

EXhQMQ (a4 5 O(A7L’$u+ w;hmq‘" l‘ﬂ/)oﬂl'



sl le Lt
8‘)0!/\10{ L;{‘VW?
ey
prose
— 1
/ %

wT
K st : B

= A?w[-h«-t —ﬂ

) | kA e

7 \I$



| ._vﬁ,(".\): —L"

| Vi

V; =0

V, £0

jﬁ . AlL) = —]
| Lal =1 Barkhawsen
lLé = —I8o > Criborin—foralabid 117

J% true ,5754%/: Un betme  ungtable

Ala)-[
4§

(S PM@UQ '—,,C

: S le?
- L{-SO "

[+ L G ()

=0



Fov

mey T SW LWL we

a-‘— lL& 6GY = — &0

1‘0{;

(L&Jo)/ Z |

potentiad Lo
l'nA-Fﬂiaﬂ'Lfg



\_

(— ]Dofe S %8'\'%"4

_ A
At = H"S/“fb

We wanit (0\9,9_ A.

Eagit & Oa,_u- (arazz,q 4.

b & @ede  amplLiers
J) od — Po(a S%J&m
Als) = A, _
(1 <l) /
CLab) = | AL

. 09 poles in LHp
b) I:EA'/’))

(N — | &0”
@ A& =00 IfAfo) =~ 90

Un W&A"‘imaﬂ? S+able

N nrvv ﬁ@

R R s et




Stabiliys o) LHP pole
N b) [L4R) = — (&0 gv»/\y e W =00
=  unpwads J—ia«\oﬂa stable

&emmx O?MX v dey S(l/jgm
A Ax eq;- G A+ 97‘\3« 4
b\’o‘Q IJOL X — /,Q%o

Donginsch” D) = |+

W 28 =N R
O

L read POIQ n LHP 8=

small
=L ! R odaudent Po les
a >;'€ v COM}J@‘ (’D({}?“Je' foles

B =0 I pola mi axs



Trav\&{w'/- wgf»q& & l'n)l,,d- qet

T
(v.) @

i
Qa
e ‘
9“[- Q7 /o'L

l <
A 8" [ 2S5 A -
 EE—— + +
| * Jo & T “lov '407[ A)F Ltzél /40 7C

b= th (aF 5 B= LAF

' - 1% £ 1(7°m€,
[ 07 Af U la = &8 (0)71_ = Vi fakes a ~7
s : v 4 Zﬂ’fc

5l¢<62.,<(5(3<&c/,<Q(
& <‘/é\ J QP:'/Q\
9\_{ =0

2,




1l




ﬂ\*/ Lec 20

2
33 A

3 25
D) = |+ NP(SH'A‘D{)T ”JFL((*AD,’L) + N/,} (H’A.))L)

3

r= 4
) ”f> [+ ] [+ A | HAF

Roots f D(): (I+Aojt>+ 5 34 a4t =0
Q_tx)g: "A'o;




$ 22 x= —3 5 i\_&‘(;
— ae/.
~3x1/>
— Qe
e
=3
_",O 1(—')(L:7(3 _'—;
A-o_¥>8’ wrw}ylem “"\J 1 #;o(e.s

mw  RHP =

Giowodal  combonent  wifln
(nUreating wnvedope  (64D))



Lf) b - })o(@ SZ&LW il be
?%Ug SO‘WH“V\{

W o be_




[o»J N
°?> |5+ ey S/‘J«HOW\ ‘: unwj:mﬂ‘ly Slable

wiod 3 r . ey
T AN L ity Tue (o ot vicgi)
=] g
o oo gpalem L szfujm"% e =

' s+ ol & »k’/rw'/
ok Lo l ovolex
© Mk Lv‘ﬁﬁe/ ovdex Sygkxm P L f

A
A I S

[ +O&/A;]95 ( /—'L%ff); [+ TJSZ)




()

Stab) UE] atters @

L\)o( << "‘)’b /%dlg[p\e(_'
Ao

/Qod&/& ec.

LA/O) = —|
Wd = “0('om'|Mn7"// fole,

‘bominaﬁ+ ;70|€ (/WV’)D!&M@-EM K



EXOMP\Q« >

LG(s) = A‘°7L —

( [+ 4/@3

add a  domiranft /)0’9« l/\)o( =

vl Ll = Ao i #

(H'S> (|+ LD_OE_>

7\00‘;'3 CIL L&(o) = -1

HS/) ([Jr locDJ)

= -

max (Ao-[:) = &

Ap_

[ooD



1L0\ = — (&0
— ~ o Wu . o
o — 3-!—anj(_”J\"L)~ n’(-lfo%—) = [ &o
ul)b p
@ D — LS’ pe d 4+ O = -45
@ ‘Jf): — 90 f,ovw Jd o+ (——Ibg" = —225°

Wd < L\)MuJP ) Ju>7ld  beane /497c,77/

—5{—6m—’ ——Mk—> — —1$0 + 90 = - 90

7 LJ.“_) _ a3 bbebn frer 0 “
fm(c = — 20



/Lacs)I:J
s, sl
Ao | = _
(l-f" J/’r:;):5 (l J \I'S>
Ao | = = A"'JC

ma Kimumw)
ol ue
)bu migglole



Ao 8)
<H— 3(%)3 ~ w — -
(} i .S/VJA)Q_ = (1+S/MJP)(1+ Ton)”

™ N new
J? &77&){9 = lA]F }N,MYWCJ,L dominant lbofa,

‘ Fo(Q —TRW WPW-HMV

O/MM/
W ot — Cape b LC: max mum =7 3C = (Ulm')& é’—%) mm/u 13 |
140 —3ﬂ/w\



Measuves of BJ—ab‘:L‘E

J

' + Mh)G N W""‘”
) Phase Ma\?,{n; 1§¢° [La(,) a G s

L 4= od&a
[La gy (n74 D
Q’g' A h’)@ l«\)q: —1 35"
= PM= 45°

{M o, —~ (-187) v Lﬂv(wﬂﬂ—l-‘li(),?

é.f'\.)) :—-/&'/r)o
(L&(/'w)) @ 4+ Jhew (Ll
Q) lain ma?[ﬂ: Ode —

( ° = —20d8B
Qﬁ, @ LQ :—m) /L&)_ 0

= (M = dodb



E,%Q t -f Ztro

m7m'1[%@{6 Yedporge 3 8lope inertanes lo; 2odb @;{zw@

a(ac,)<

)o]noue. regpomte. o@z}bwﬂ n  LHP o REP Fers




b,
@ *—“D v,
& v T E
K, Icr
Alo) = Ao
[+ AZ.C:

[ec 2\

&-7& 51,% CMoS afm,./; = OTA
Ru:- Rom"' "; D/)W'V'/b [la’?l)
A = G\M,K.
C,= l[ood ca/b 4  Sum sﬂ o ﬁo\fﬁﬂ"HC
Cafa @ 00!#«7" node



—

Om. - lo\rj;t. J—W‘”“’ C’MAEQ
— gingle ondasl inpet f o vHpuF

= Common  Sowria aMlb'.'Fe,V

> P
/H;J Coe, Gsi,
s 7






v\
|,' “l QAY‘% )
S“Qme. | .,
& M\/Q—
cS 0




he = G, (llvdsg) - Guug (eI ¥tse) =2 Very large
A pole sghoms Q= A _ (s = Piogi

—

X

_ J
P = R.C,

l; R = a,lrcw(z lavyc a3 fo%%lok F Ao
Gt = ald B N vay(“‘}t






— Q_,_po. C.
e#?(""‘“’cx —

l‘&ma Ry 77|

L S l o ﬁ‘y
R C

Cc & GML,
(D (5@ = 7%)074\
Tulo /gam ,fyo-m

Uo a)
}
Ze/

UV
Uo
[ J_\,] -
V*':‘—* {_
‘\)4 _




< —
A > =5
L é;‘ [ |
% | 3"3’;47 T i, OTA — VCCS
2 | becanpe.  Rouf & 2@7(
| Clar +, BT T2 2 Uartes: B .L ﬂ# + (DD

3 dw&&—f 5 O fuer qum}/i



ec2l (1- 5%)
“/ C.

'%"—(07: Ae As*+ bs +c
AN © - Yoolt ar’y btsrc =o
- t @ - Ve f)' &PL ? )7f
e Iaﬁc' Uk T e ke pe<t, b
CW‘; ‘/ Gmy - ))l ~ "_Ic;_ ) P), ~ —Z
bhow, - -
Ao = iR, - G, R, f( E— I+Gm. R} Co
= Owm, b, C 4 (i Gm K
W e v - Gl ()
| = Gm, Cc ce
Z = + 6m (RHP Zew) L _ G bt Zaqim (LHP)
C. P& - T e T c, + C.C
b
canduttone

CC+CJ
Fle =T quau'hwtq_



ﬂé—&« Ce .
C+Cc
(A

l bJ *"—{‘an/——

4«(/-

!Vu



~ /! >

:\[w -

| @ Wy = - oo--‘L‘OI QA
Phoue 1 ’ }a)

- b [

Z

th MiyGin = [ 9—0°-{— P}\M@h)w

(/,')0092— Pogﬂ'(ﬂ'w J%F Pz,(ﬁz Lo
Hat  phos wagi o adeprak







+@,{1{—K@U. _L_.C\/\]%?
B R S T / —=

Pole —zevw  Unelab m

hd b we oot same @ bepe
RC  milles  Compumgatiom

I 7 e
Gon,

= Cc (’ - GMT/Z.D
R= -
&.’_ AMdR = , 97 GM&

Q mive Z —o0
gt
Uee tho b anel = fy beome firs
) tar7] 7 Wae T U T e dyiart




&Makn_ IORAA
T ) rw(;l’lw;r A’)
Aos_ nO‘}' drwc_ DC i'oun
’ Cﬁz yvedu o
:/1\ ‘LC, kaTIL .
“- ———
A ~ Ki J—
N g




Smq

' = &Io
ID -
AV o
{“Y}e

— L4 Vl
J-'D

Va

@

q L.,
— CL
\ ) "(‘QJ-Q
“Seu

%@

CL.

1L

|1 (ressed
’I'f)n'} I or
Own

,Ummﬁ}






\\\y

Qo
\_Z—

| < +

| ll—”

Lec 23

BRI T

. B;Fa[a v Jun v(-wm

e

)Xhl
—




ol




= T, { VGE | &+ Vee
c Va
L kKT theawok ua/+7¢ ~ 25 9mY (@ 300K

Ve, = 0FV

Small ~epra_pavameror:
3T 2% _ 1 1. {e* )}
il = P —_ S
y d Vag P oVec P f

i

~ T be(_awj& Q"P(ng> 771 7LvV y6£ ~0-7Y
ple
=0 5 fu= e = I Y= 2 L L
2Vec Ve 2Vee va

g, 7= B






V-
o = ?}km— [avg,q, becanse of (0&7& P

El C@fl,__ 51'09\/0( rot ée, 'C%O /m\?e
bLCaMJZ SF lb-:Ql dfo/ﬁ

2.9,
o 2 Tr = adookJsL

V'b@/\ =Vg—0.2v 7 vmin 7£0/ C/[YVM',' Sourez

- I_p
R 1y _
W, = - Vie -Vr
j_m = IC Mo3 (Vas.\\(r> (hs Q/p\
- 25-GmV

Yr = L 4, = < ) }5:200



o ‘ \
‘f a g_”w\ L)mux (MYYm‘/'/ BI T ;/va mna

(D) T
/K/ Oliode,

(Made_ -—wnnulf-co(
/ &?AHUL,
L WQ//A’ -
\,\-\(,,(,/ YdaJrQ- Ic to Vae
[
Lo 2],
L= W) I, the, = VM& ~
q,l L-« = LQL ‘J'Cl: IO— azIé
p—(—z

[-e- mwe '
7

Leo= Ly, = Le= IAD\
= I - L Ic,
A



— Vee
T R
14
1
-
1 .
‘U\S

|

S’w?vxﬁ Koy 5
I(‘, ~ O CM"'G]{% bwm"'

;o Veby = Vag,, =07V
SQJ'\/\YQ\%)'W\ KJ'MIJ_

Mog » VDS Z Vp_s,J.- fo/ Sorfav= Pon Y?q'ur\
( 7> wrahen

Ve N VT






Diﬁﬁuw bal Aw\,b}j'a;u;

Vee

Icf ICV
\




Py

Yy

lec 2y

e ——

Band (},1:@ ,[> /QCI#@,YW(&

—= Shien bamﬂaup

\[m)( = °(|Vl -+ ’(a_vz_.
/ S
')'empzz ”'e""‘/iw

T T
2

, T, Prows A

2 v
_i = 0 = &, bvl D( th =
o, & 0,
have b be  chgtm  such Thad

Vec

o Vp,4

(@ 300k,

A S



I. = b T4+M —ty
QXF(; Co= BL g Lilion = HeV
~ e
Voer = Ve An Io
bt & X (T; VL’;’:?
Ve _ Ve g [T Ve 31 z 2
> 2T '1’3) R Ve d ) A 1.Z
I, 5 >T I "”J}

ST b (4 +m) T?Hme,x (‘_16 e
() + 2T W () ()
T. kT™

= bm T+ £y 1,
kT*

V

Ve oL

T = = (Ll“‘*‘"‘)‘_\ﬁ'i—;— Ey Vi
T 2

T



Veg
91——-

I




for

Aap)
j |
HN
<
+
s 3
Y
&
0
o)
P
\
=)
r
I
b
\\
W

AV,= Vo, =V,

= Ve An ("o ) — Vi dn[E

5 X, 4 % - (T> - (1)

l l , l 5
= V-e An (Y)) = E-T,ey, (h) Pm_h\,e-

v Jem
éé-\é?: ,k_ﬂw[\n) ~ 0086 fn(n) MV/K b

oT Y

Vr{#— = X Vi, Vo

—

YD|'I" AV’D

— D

0 fmbw (A 200k, =7  Sef Z/V';ﬂ/
Sool

2T
S
= () = -




T —Q% T alternapoe jm/p}gm{m.)_ﬁ#”y,
D, A\b ’—SZ D
51 7 Th
[ nl¢
P
) Add VD, £ 4V,

L gwwm‘c a wwurr X AV
L, /)ms MWent %vvvyf\ e Utw”
L; Commel( F Y utw [ Seriew dysde

a'l> Don \} nQe,a( unvveat  Soures



A
l R'
JT
D ¥V =
L D o)

3 L

T VA - Va % VK, = VD'—VPL

Vo= Vo + a%

Vp= V, J‘bwyt\ OPQM/ﬁ Pla(U!

V‘r = VP;,')“ l:l (R-,—RQ

= vpz_ 5

in  —ve 7[-b- 47-’[.52;

Ry

2% (R1R) =%, + 4% ((+

*
R,



o a Vald date
a &‘l-mf—in/o Uy ban U




Vg = Vot L(RR) = lnt 2D (&irR)

(
= 1 + %[X,\(n)] };H- %}

'}‘émféo } —l-rm% }08’4 &n(ﬂ)] [H—%]

B_Vfi = (l+_&> fn(vo = [T
300# |
Vfi = VD;_,+ % y [7,1_1, ~ | esVv
f) Tempeo L vawtes thoot. R & R & he  same @/& ¢¢ Y.
ﬁ = Cowi‘)‘qnj_

R+



)

I(;IL: A/\LD: E_(ﬂ("’)
P A R

: PTF}T/’ Lavvent
o ”
Pw}wrﬁ ol B absoluk -Fefm/b LY ature

\¢
4 T /S\OPQ o @ ook

/I_\

|
{
|
I

3ock, T

)



=T, = PTAT wrut

F ) — maks }
, J# be,haw(
v el

“ pop



So that



AWV ¢
N Con 027;

(Y}
Re%o/r

b

Bowd ]

Hona X

Fra

X
aa
Civ

\>, Vo,

»
| .
b




\/o”ﬁ}_ RQ,",\LO("N,; — Am}"""" Vol
v

d * Vo.,:,':' VDD”V‘Dmf
I, +Tl T +va""f’ *  Nos= tmstant
\/‘“{’ B—;—* Nout ¥ KO\A“I" = IO:.)
| : R — —
(31) 7 1, 1 Hriensy
R’“"— = V°u+ . ‘Il—- ) P,-,, = VPD (1L+IQ>
z - M‘_ — —\lo“_.)-. . I‘__ — VOq‘,' . lb.
Fia Vo I t1s Vont-+ VDvo]b I,,‘I‘J:Q

LDo Low Dw/wL 27»@%/

We ”‘/a"')' Mipimuym vaofA' I& jﬁ.\/ L—QA{' gie.)%.u'w;

\Shap.lo( be /\4/’{\

o



é—Ren’)' V)Qé.a%‘rc
Va{/»—-’% Von-}" Wee W.L ak

\YIA'RS
. We Wam""
¥ loxd  veglatim - AVt ol gk Rot
R A AT, e both 45 be
+* Lmﬂ, ‘(7 VJA“’ID/\ . 4 Vou+ S'H\I\U
4 Vop

+  ohep d/ta?z) o L JW?,( in Vot 4 be smull
# Fvuyuwl] TQJ))W\I&, c:]t OC(,LA})q(A rwa b

Yo ($) L\Pom)w prf’y Rejeo%'un qu—io“ o PSpg

¥




34']'6 $a Mat
Vo = otk

+ Sonse Vet (ov a pwh'wx)
* &m}.wﬂ' 6 Vr%{;
£ Do PMst j_a*h S fat Vo/f = W")}‘&m%




SWUDM i&
R\, /2., 3 (mr;a [ )

IQ“—-‘[- IQI:‘_ IQ

Y”Mo << R) /ZZ/

Ydao
it = [+ A,
R
. Yoy, -

= ?M; Y.‘,l gw"’ K|+R2—

(4 gain g Iy



AVam+: GIL_ . Y‘ddo
s exact . AT . (M«-”(k,d—f,))

be la
¢ with C {m 72}
ANt AdA (u?,a_ Caf C. A‘I‘ QutpuT

ada 'no&z, ‘ﬁ dejjdf ’e) IL_

\oul

%Q‘?\
X

Voek  becomes e deminant }o}e, node jco/ ,frexy ‘fw}m.d—c_






ﬂ%—!

VOu‘)’ . Rg_
K)"lﬂz,

VDP_ J T +1a

q 33

—-7

NMDJ ﬁ r
Hw‘;u AN,

/\A‘&A Drepont



