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B}i_ @9 wo% {Ao / K +G/£BOY.]‘/2:§% = A 0’* /21/2
>[4 22 = £ dpg 27 = e/
(b) The iy Hotes, kb matl

fefho pplaced By fe/(Pot1)
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ey
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fo fond Ak fosuoncey £ akarhiich (A ] =100/,
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- Wi eio)=]1? vz
fo= 10522 = BlkHz. As acpested.,

dimmm%%/ﬂb MW%J s A |
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Impuonm [ 1+ (/25 1 x [1+ (#/1.0 P e = 2
) -E’,de: 17,‘76 MHZ“.

(b) "mpernd |A]= 0,99 %1 giwed £, =




196 YH=. Mm% tan (.F/Z,l;)¢m-'l(]g/l"é)=
5° %Mw: 'Y‘,go = 815 kHe,
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Ay=-8 VIV

A= 13 VIV 3 (=13 VIV~ GBP= Agbfy = MHz,
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610 348"‘(”4& [510 Hz.

Fig. PLIT: p=50/(50+20) - lo/(totho) = 32
VIV, Lgp = Bl e,
Ftv’LP' 3. p= ::’:fzi+1' l+2+”>+'—{ "05V/V'
L 548 =500 kH=.
Fy. Pl.2l: b Ri [(RitR2) = 0.5 V1V, m&am[
Ma;ﬁ%m%& posstom; § = 500 kHz,

Ry PLel: P 10/(t0+30) = /4 V/VME__W
260 kHz.
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'\ﬁ+[¥/(0")nlo’v‘)12' 1}—_ 'T'\PM L ap =6l kHz.

6.13 Lwt\ﬂ‘;VL'Wm Fom Prob. €.12:

Vo“ !-h)-f*/}p [l 1+4-4+/(0. O\xlo‘;)} :Ac"“-vc"“

cmpps A o L £/ip5 1« Lir § €/€0.9x10%)
Arem 1#/(0.9%10%)
CMRR 45

F 3

$0 1
60 ‘4\ /
40 - >
00 900 R




0214 | By the pupanporifion. praiciple

.= 10 (Vaso—Vos1) + (1+A L) Vos3 ;
Eomacy = (LAHAL Vg - Thin, To mimimige Copuar)
one. showld. sl,ewh A MMAAWLI&
o wstomee , 2dlacg Az =10 VIV amd Ap=1 VA
Y Co(max) = 22 Vo .

We hant (o= 4/Ax amd. = 1/(An 1),
e, 'EI""" @rﬁ. and. ‘FI[:@]I:an The overall
Jeamdasdtin vy mooomiged wheon fr=Ir 1.8
e AT = A ’ M} AIxAj,;::]O V/V, so
Az A =10 =7 Axr= 121 V/V.amd Ax =31
VIV, Y thas ane e gk Bomady= 23TV, -

@ ¢)
@): p=RBY/ (RI3+R)= (e VIV 5 Eo= hEr;

fo= L/l |
[): B= RIRe2R)= 4/3 VIV, Eo=PEy; f, =

fel3y G)am pnefiradile sn both, canes.




b lb @')-F- %dB —c,b) R‘,—-w}& 0) least No. Olﬁ-

(b)iwaa[g “’-{’k/&) Ke -, Ro‘T‘O M3
MS@’LS. |
@) —Ii_q,a[B = (—F{:/@W = fy /’).l) Ko+

.oo) R{;On} /Mg%,cmvj.fﬂzt) MW .
6.1 Lange cpom ~Loop Ae gaom amplics

I.Zm—ro mso?«m% Thn=Taun 79,
amd V= (I*SZ/IG)V UV, 7 A= 4 V/V.

Fom Reob. .60, o= Y505 £5= 210530 oo ktiz.

(.18 U, = 0 _ .

m _t 2030 q
¥ 2 u; 5 3 2o+ (30/130) T
17 4 4 (swmﬁ VAR

45: %: 'MHZ‘/ AD: (l"' — % lzo) =
-2 VIV, GBP=27 MH%-

1% {= 1089720 x 1.8x .8 x10% = |8 MHzZ.

200 (8]0 __1_
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00 co0 _|_ olkoo
100 200§ T
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b= e = /1. «%" (¢l)8= Lt itz
1620] ¢, pAe= 0.5f, = 500 ke negandfin

P e swikeh posilion . Swikch cled:
ok Yok EI masy = Voso +I'U—0Vra-o +
@ Ts* 0.5RTs = 0.75 x16"> +5/50,000

> T‘gﬁ»:[_ Yo + 0510 $50x 167 = L1mV3s

Eo(nng) = (l/@gﬂfm) =7.2 awv—‘—?’l);: -LLCMTS V.
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My 5ay +0.5RT ~ R Ip
ET? mff‘f | =V, 5 /MR ~
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Bx (magy=~ | 0. T5 107>+
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625, Giumids to fomd The §own A=Lo/Ts
Vo= RetRu) T, 5 Vp = J?L;Io)'
Vo= a (Vo) >V =Vp-Vo/o

Vo= (R - BB T v
0-Vm, 'VOW
Let 7 7, =0
ﬂuwmajimg A }cv”ectih%,
v il lililing the vesistamce velues goven:
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1 gi I= vﬂ == QZ(V”]:;/?SQ\Z)
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kHe. Q= 4/\}(9*'0'3) NOJL = P64,

C L1 fi= 30010 x10 =3 MHz. Testollnge

NI Vo= (12) VT
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SHimimalin o 7= Y 2R -
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18 VP:-—QL—) V = V-2RLC
R V., BR -
AW | VO: Q,(Vp "VM) = CL(RJ:"V')

v 2 VacVo _ V(a)-RTG1e)

IR | SR

CO”QC'b/‘:‘(S’)

- 2048 S

VAN Z= M R e 1+a b
ok e sttding a e 00D,
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o e i) 11447106
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—
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T= I/ZTPFB lé/us Vow &ib) 2 80 V = Swell -
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6P\ 10 ollz._
' P o+l0 Io!lu-lo
o =54 VIV
—l:A.: P_{:{_‘: 557 kHz
LV

l.’I'.'-'-‘ 1/?.ﬂ,¥—p"'—‘- Q46 ms.
(” ‘0/10)'% = 2&“‘“‘ = gx2xifip = 0.k V;
Vom k) = RXT =0.5X10 xi}% xl01 =0.223V = SR~

Gomilid 4% < 0.4-0.23=0.717 V, small-simal

Himiled, theseaflin, 4= R = (1/R0) 2= (0 15)

i) g = (Vo) /(i k).
Ao (oY= /14 =" U uh
Ko (h)= .lt%ll'l-— 801 uA
For Dbty ,Volk)
205x10%¢ ot 0
Jound an = ONT/(0.5x10° )= 5l ms.

672)@ R R MQU-M;/E,LF /p,,a/

et
| Mﬁt

Vee Riz Re=Ru= o0 k1, R5=20 ki
() p=05 VIV, £4= 500 ke, FPE =6.[ ktle.




6% | T = 4 J(250x16%) = s, Duvinge T/2 (2

2ps) WWW Ay VAL 2V > 252625

=10V , SR= A /At =10 V)/(29)
= SV/ms. % By (a 27), Vom Cwﬁ)_s;(/zﬂ&
‘F»c' sk/ 2“vm(c~n{:) z L MH=. %v‘&nﬂ/@

Sransridbhz 0, = 2MHz , farfe-sipuad bandwidt

= SR/[ZTFVM'S: 5’x|0("/\'_zfrx 2x3.5x42] = 80kH=z.

= Useful bomdwid th =80 kHz, SR bimiled.

6| =1, = pfe= 108 /T5% = 31.6 TR
T =Af2mx 3 bxl0® = S M. The Wq{i oAy £
=10 (1~ 77), anthoct S
,gmvuﬂmg Lf(wfs Necaune. 3.6 V. < €0 V.
The amtiad oty of d{émga of Vo 45
ot |, = Ao i /L [, = 3165 2
=0.2V/s. Sonce. B 1o lems them 0.5V jus
e, gre mo SIZMME ffects ot The ot
putof Ok eithen. We cam Thorefore apjlu)
/%WM@%(MO /’Qz‘/ﬂmv?,aﬁs (Laf&?,m X,Fa'\m)
U (0) =&V ) L Vol5)= AB) VL (5)= s /(Z?T—Fe)]

07 _ ! ) uxio’ _ _ A,
ST 7 s[irs/(2xws))z T s[se2xws}> s

Az Ay . We have
[s+2Zxw®]% = S+2xl08




Al:%(Q)?‘S = 4

5=0

]
A‘z-.vafﬁ)x[_$+2&\0 1 = o5 S o 2x105
-.:--2::[;)S

_d o .
A-% 6{5 S S'.:—?_x[og 1‘

U [6)= A+ (At As) FHM )

| ‘-=B - (2x10°6 +1)eﬂt/g/a’]ﬂ(fc) V.

6.%5 Ry AR, Ra 10Rz.

Sy 7 2§V, = 2nxl0® x 52 = Llilk V/ e
SRy 7 SR f10 = 044 V//¢L$
feq ?'F/()’tz > x20 = Z Mitz.

$4p 7 #(r = 1072 1= LI MHz.

63| 9

W&

r:l'-'/O..‘I V]V) (‘).b‘—'l 0:‘VN-) = %ﬁ,fﬂ:ﬁchlocqﬁ(s,
Wy = Tk, = 0.628 x10F vodl {5 ,

l lsz wl
T6) T [Valo)= o W )7 l0uwe Fy, o]




6.1

@) Lt o (&) = V(,MM(*E’)) 0 thot Vo (5)=Vim /5 .

_ Owe Vi _ As Al
Vo(s)= stwe s - s | stwy

Ao= Vo [s) xs o = 10 Vi

AV ()x (stwa) |, = -1V,

Vo)=L V() = £ [wZ"’“ - SE%:
= 40 Vim ( | - e,"wz&)u(k): [OT{?m B-e‘t/(l.ww);] s 9.
) Lt V(o) = Vim /s . Thew,

Vob)= 0 Niw . _jyr [.%L.l, s a/8 ]

(S'f'w')_) (S—t-w.) 5 st stWe

%M: ~ {0V [I +—é— e__"w't - —%— ef'wﬁe:\ M C{’)
_ _ .{:/(,r["-zm; ~t/(1.59 )
= =10 Vem ):’HgLe— )~—§-g 7 1'“ (¢},
©) V)= Vo le)z Vi /s -

IOLUL UU‘M We,
6 -
Vols)= s+w:] =10Ven, (stwo) (stwe)

V i !

'3-rw'z. S+

o Qf)= 125V, Le"t’ f ("g"/‘” e Ly,

65T (q,) et A=A, = 10. T mmf;&

_Rt-Rg..lOICQ Rozy = IOOVJL W.:t&«&.,o

E,= (H- )OSZ ’é‘; (1+ﬂ—)(%5‘+"\7,«<k)




U Vg5, =0V =110V . Thus,
WR&(:’: | 110V, ey + 11 Vo5, ey } 110 =1V,

leﬁklw = 15mV Ao mahe pune . This
com e achioved with Ry=1kQ, Rg= IMQ, R =look.

Rz R¢
AP 10
ok fx own ’U‘O
BYV __i;; i
% Re -
’< 100 2
- -5V |
(5) £a, = e = o/ (+100/i0) =t/ =
365 kiz. £, = 365 (V-1)1% =235KHz=.
FPB = [2x100 /(i x10)= 20T KHz.
(€) Vo= 100 xVZ x 5o x167> =M. 0V,
f= B¢/ (wrx0) =292 khe.. Useful vange.
fb/wrto 235 WHz , small-signal Aimited..

1658 (R2/R)fa, = lo/zoo‘,ooo =leo"5;' £.=
$efa, = 3%108/200,000 =15Hz; L=, /(1+
B2 /R = 3x 105/ (1+10) =213 KHz. Thuw,
U (pepid = (5N) \I 1+I[tc%lz?x ro il
relotion olds mp to [=sR/[(26V,,.) = 13x
IOV(’ZIU 5) =04 k Hz ,a/fj"ﬂm which slew~

)




) £ | kel

He | 500 AV

0Hz2 so.1 MV
0oHz | 237 mV

1¥Hz | 2.223 mV

0kHz | 4232 wmV
oo kHz| 0513 V
koo kMz| 0fs52 TV

Above Ml WHe, Vy distonts aomontratk
oA e rk—rk W&JL&W oY,
(ﬂqﬂk (5: Rl/éﬂﬁ’n'&) :1/4 V/V)‘ Ay =10°> =l = 0.4
Viph; fg= ("&:’ (@)= AMHz . T, (evik) =

SR /1ty = 15x10%/(@m104)= 2.39 V; Vow =
O'Lh(lo(’;nZOX!O’G: 8NV 7 Vo Cexit) = slepw—
ke Lomiled ) amd £ ¢ 5R/2mVwm 2300 It 7,

Tl
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0| For Ahin ik, Ag= -8 VAV, s

(’>‘f'1/l7> VIV, We nramk ,GBer}p/'l MHZ,
L7213 Wz, amd SR I 4 Vom = 2%
0¥x B x1% 50 V//45_

L6} %WWWWMM
i —"-‘(H‘ 2\ 1ty f/H4a |

Rz _ _
T &) ek, > R T VIV {, =
2 20k ke, fp= gl 20 ki
2 (Rilley)Cy Z) ™ onR, B, ¢ z.
G?\‘""" Fma%q»wW %M{j&m 1%
f%h I ovinthe sline ameio Mamie
Bo[ 1 momeed. [T (50 kHz) | 2

fy f e § 00 , v % 100 VIV
omd £y 7 Aofp = 22 MHe. Mowevtn, SR 7 2rx
(20 kie) x(lo v) = 1.3 V//&s. '

W_@_ @) R= 2/(zuxio7x joxIf?)= 13.6 kR 175

(5) To el P, supmprress Vi,
beeade Ahe mrine et The

_ R ORI/ |
p=

—

I R AP G ] 2 _
T 7 24k T 7 Hq‘—f’/‘% 7"F9 1LH%.




H"}‘F/'FO O '
fb i 'J‘P/-Qo ) o — %/Z—Fb )‘_(5?6:2‘.\7/‘7‘

The [1/pol ewwe mtircepts Ahe lod cwnne ot
Fequoucy) {4 puch Mot 1/(8/28) =00, o0 =
2o /a0 = 2x107/ 200,000 = 0,01 He ; the H/or|
owwe minctts The [a] cwe ata oy
{Lw‘tﬂa;t 25 1/(5af3e) ) oL o= fp = 500 Wiz,
The Somsfer functim i, H(38) = Hegoep x
YAA/T) = P/6He) /(1 1/7). B fi <k

eefy avhmne [ TI>> 4, we have H 2 Hideal

Fofeer, H=1/GE )] Aopo = Gol2., Fou 77
2, H_’D/(')‘%/m:l%Pm = 3 Andacak -

ks F/¥




Qath C%;_I Lot Zt]: Fl“(%/éck)
d _ R
Vi
[ LV N, Zo=1fsd, azuLfs.
- Vo V43 ! - 1 e l
——— - K
2% T l;?zccc)
A 1+SRC o l 1reRCe RC.
Shb MMK. Sﬂd 1+Mb
/ 12, 4 we e P
() To mahe tho e Jumtion. aumiliy wmpose

RC= (1+WpRC) i+ Vs R= 1/t C! Hhos 4wes
Co= /(% /6-1). |

| €)= 1mF) IZ-'I/szoC'-— 5.9 kit Cc =
C[(0%/104-1)= 10,1 pF.

Thz,(fbffﬁam PS]mch‘f% show Hhe rue-
spance {utstmbhwtmdﬁmm d. -

Problem 6. &
Vil 0 ac 1V
R 1 2 15.91k
Cc 1 2 1fF
C 2 3 1inF
eopamp 3 0 Laplace {V(0,2)}= {200k/(14+8/31.42)}
.ac dec 10 1k 10Meg _
.proke
.end
Problem 6. 4i
Vi 1 0 ac 1V
R 1 2 15.91k
Cc 1 2 10.1pF
C 2 3 1nPF
eopamp 3 0 Laplace {V(O,z}}={200k/(1+s/31.42)}
-ac dec 10 1k 10Meg
.prohe
.end




= db(v(3))

Freguency

10KHz

o ¢ vpi3)

1 OKHz

Frequency




- L. © S :
N A T = (Ret 11OV +(-R)V,

V; " R+4/sC
' b Y, _ (5RC +1)V; +s(R-R)CY,

7 ) {+sRd

0, = ~ 02& (s&C H)Xzaé-(bﬂcld% . collectimg

H:_\_fg:_ sReC +1
Vo T oRA(s/we +4) + 5 (Vg -Re C)

) Imponig = Red ) o Re=fomfy
5 —lirm mThe clonominalor, omed M/ﬂ*&%mea/
H o H=- (S/M,—!—Q/ [s Rd (s/weﬂ)] =-4/s RC.

© 'BWWW o;Ffo%O} arahe_
Re»7¥0, @8, Re=1kfl . Thom, R=(e /o) Re =
(105 /16 ) 107 = 100k, b0 R—Rc= A4 LR, and d=
I/2nfoR = |59.15 pF. | |

The following, PSprce code shows The
WWW'J an vl s he com-
PW W(‘(Lﬁ‘tﬁc%}w cane Xy=0
amd A /naci‘oaaﬁ cane ¥, =100 L,

ML




Problem 6.4S

Vi 1 0 ac 1V

R 1 2 100k

Rc 2 4 1m

C 4 3 159.154pF

eopamp 5 0 Laplace {V(0,2)}= {200k/(1+s/31 42)}
ro 5 3 100

.ac dec 10 ik 10Meg

. prcbhe

.end

Proklem 6.4%

Vi 1 0 ac 1V

R 1 2 99k

Rce 2 4 1k

C 4 3 159.154pF

eopamp 5 0 Laplace {V(0,2)}={200k/(1+8/31. 42) }
ro 5 3 1m

.ac dec 10 1k 10Meg

-.probe

.end

Problem &. 4%

Vi 1l 0 ac 1V

R 1 2 99k

Re 2 4 1k .

C 4 3 159.154pF
ecpamp 5 0 Laplace {V(0,2)}={200k/(1+s/31.42)}
ro 5 3 100

.ac dec 10 1k 10Meg
.probe

.end
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Problem 6. 4§

Vi 1l 0 a¢ 1V

R 1 2 15,9154k

C 2 5 1nF

ecal 3 0 Laplace {V(2,0}}={200k/(1+s/31.42}}
rl 3 4 10k )
r2 4 5 10k '

eoa2 5 0 Laplace {V(0,4)}={1G)

-ac dec 10 1k 10Meg

.probe

.end

Problem 6. 46

Vi 'l 0 ac 1V

R 1 2 15.8154k

C 2 5 1inF

eoal 3 0 Laplace {v(z,o)}={2ook/(1+s/31.42)}
rl 3 4 10k

r2 4 5 10k
- eo0a2 5 0 Laplace {V(O,4)}:{200k/(1+s/31.42)}
-ac dec 10 1k 10Meg

.probe

.end
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Problem 6.52: L, simulator using ideal op amps

I1 0 1 ac 1

R1 1 2 7.%6k

Cz2 2 3 10n

R3 3 4 7.96k

R4 4 5 7.96k

R5 5 0 7.9%6k

el 2 05 3 1G

e2 4 01 3 1G

.ac dec 1900 1k 10Meg

.prcbe

.end

Problem 6.52: L simulator using OAs with ft=1 MH=z

I1 01 ac 1

R1 1 2 7.96k

Cz2 2 3 10n.

R3 3 4 7.96k

R4 4 5 7.96k

RS 5 0 7.96k

el 2 0 Laplace 1\?(5,3)1: 1Meg/(l+s/6.283}l

e2 4 0 Laplace {V{(1,3) }={1Meg/(1+s/6.283)

.ac dec 100 1k 1l0Meg

.probe

.end
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Problem 6.%z: DABP using ideal op amps
Vi 10 0 ac 1
R 10 1 199k

C 1 0 10nF
-R1 1 2 7.96k

C2 2 3 10n

R3 3 4 7.96k

R4 4 5 7.96k

R5 5 0 7.96k

el 2 05 3 1G

e2 4 01 3 1G

.ac dec 1060 0.1k 10Meg

.probe

.end

Problem 6.52: DABP using op amps with ft=1 MHz
Vi 10 0 ac 1
R 10 1 189k

C 1 0 1GnF

R1 1 2 7.96k

c2 2 3 10n

R3 3 4 7.96k

R4 4.5 7.96k

R5 5 0 7.986k

el 2 0 Laplace iV{5,3) ={1Meg/ (1+s/6.283)
e2 4 0 Laplace {V(1,3)}={1Meg/(1+8/6.283)
.ac dec 100 0.1k 10Meg

.probe

.end
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Problem 6.34: SV filter with ideal ORAsg

Vi 1l 0 ac 1

rl 1 3 ik

r2 3 8§ 299k

r3 1 2 15.92k

r4 2 8 15.92k

r5 2 4 15.982k

re 4 5 15.92k

r7 6 7 15.92k

¢l 5 & 10n

¢2 7 8 1iln

eopal 4 ¢ 3 2 1G

eoca2 6 ¢ 0 5 1G

eocald 8 0 0 7 1G

.ac de¢ 100 100 1Meg

.probe

.end

Problem 6.54 : 8V filter with 1-MHz OAs
Vi 1l 0 ac 1

¥l 1 3 1k

r2 3 6 299k

r3 1 2 15.%2k

r4 2 8 15.92k

r5 2 4 15.92k

r6 4 5 15,92k

r7 6 7 15.92k

cl 5 6 10n

c¢z2 7 8 10n

ecal 4 0 Laplace {V(3,2)}={200k/(1+5/6.283)
eoa2 6 0 Laplace {V(0,5)}={200k/(1+s/6.283)
eoa3 8 0 Laplace {(VI(0,7)}={200k/(1+s/6.283)
.ac dec 100 100 1lMeg

.probe

.end
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Problem 6.%5: Notch with idezal OA

Vi 01 ac 1

ri 1 2 26.526k
r2 2 4 26.526k
r3 3 0 13.263k
¢l 1 3 100n

c2 3 4 100n

c3 2 5 200n

ra 6 0 10k

rb 5 6 29.167k

eoa 5 0 4 6 100G
.ac lin 500 59 61

.probe

.end

Problem &.55: Notch with OA with ft=1MH=z
Vi 0 1 ac 1

rl 1 2 26.526k
r2 2 4 26.526k
r3 3 0 13.263k
¢l 1 3 100n

c2 3 4 100n

¢3 2 5 200n

ra 6 0 10k

rb & 6 29.167k

eoca 5 0 Laplace {V(4,6)}={1Meg/(1+5/6.283)}
.ac lin 500 59 6l

.probe

.end
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