M croel ectronic Circuits Analysis and Design 3rd Edition Rashid Sol uti ons Manual

Chapter 2

2.1
(@) va=volde=%15V/2x 105=+75puV
() ii=vdRi=+75uV/2x 105=+375x 102 A

2.2

Vo= (v — ) = Aovs = 105 x 50 X 106 =5V
23

Vo= —Aova=—Aws=—10°x10x10°=-1V
2.4

Vo= Ao (v —v.) =2 x 10° (0 — 2 sin 377¢)

Output saturates at £14 V.
2.5

vo= Ao (v+—v)=2x10° (75 + 25)10° = +20 V; at saturation, vo = +14 V

2.6
@) va=v—v2=(120—80) LV = 40 uV
(b) vc=V1+TV2 =¥ =100 uvV

(¢) 20log CMMR = 90
log CMMR = 90/20 or | A¢/A. | = 31,622

5
| Ae| = | Aq 31,622 = 2210
31,622

>

=+6.32

(d) vo=Aava Aeve=2 x 10 x 40 x 1076 + 6.32 x 80 x 1076
=8+50.56x10°V

2.7
(@) va=v—vi=60pV-100 pvV=-40 pVv
vi+v,  60+100

b c = - V:80 V
(b) v 5 L u
(¢) 20 log CMRR =90 dB
log CMRR =4.5
A
=41 = 31622 x 10
A, 2x10°

A= = = 6.3247
3.1622x10°  3.1622x10
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(d) vo=Aqva+ Acve
=2x10°(-40 x 107 + 6.3247 x 80 x 107
=_—845.05976 x 10*=—-7.9994 V or — 8.00050 V

2.8
Choose 1 kQ <R; <10 MQ; let R; = 10 kQ.
Ar= 100 =1+ R¢/R1, Rr = 900 kQ
vo= vs (1 +Rg/R1)=100x 103 x100=10V
Problem 2.8
VS 1 0 DC 100MV
RS 1 2 1K
RF 4 3 990K
R1 3 0 10K
vCcC 5 0 15V
VEE O 6 15V
XAl 2 3 4 0 OPAMP
. SUBCKT OPAMP 1 2 3 4
RI 1 2 1E12
RO 5 3 50
EA 5 4 1 2 5E5
. ENDS OPAMP
. PROBE
.TF V(4) VS
. END
is R
2.9 S AN -
A _ Vo v.
Is= ig= —,w=— s
s= id R d a4 j&? Vy
Then = —
- R,
is: id: VO ,Ri >>RS out
04 I\/\/\/
R R
o _ Ry
Substituting for vo = | 1 + 2V hil
1 —_
1+ R: /R, Vv A R .
lsi ( f/ 1)VS, in:._s — 0131 (1)
Ay R Is 1+ R /Ry
io from the circuit
-4
io= ~0 oY ;Yo (ii)
R, R +R
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Ry

Rl
R, +R;

Also —vg= Vo Assuming R; >> R (iii)

From (ii) and (iii),

1 _ g _ 1+R1Ao/(R1+Rf)Jr 1
Rout Vo Ro Rl + Rf
. R, .
Assuming (R + Ry) >> (iv)

1+ AR /(R +Ry)

RO

Rout:

1+ AR /(R +Ry)

(a) From (i)
3 12

Ru= — B 2510107 5 g

1+ R /R, 1+990k/10k
Row = 50 50 , 0

3 4 - =0.
1+25x10° x10*/10k +990k)  1+250
(b) Rin=5x105x10'%100=5x 1015Q

R()ut = 50 = 0.01 Q

1+5x10° x10*/1000 x 10°

2.10
Let R;i= 10kQ. Then

RF
Ay=10=|1+—"], Rp =90 kQ
Rl

vo= 500mV x10=5V
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2.11

<t<sms

71 8 9.5 t(ms)

vs needed for vo=+15V

R
+15=vg (1+—F] =vyg (1+§),Vs=i3v

vs=2t,t=%=1.5ms 0<t<5ms
1
S U
3x10™ 3
71
t= — ms
10
2.12
= Yol (@)
R+ Rg

vo= Ao va=Ad (vs —Vv-)
vo= yg— 2O (ii)

From (i) and (ii)

)
e [
STYOUL TR R

0

A (R +R
A= Yo _ o (R +Ry) (iif)
vg R +Rg+AR

5 3
(@) A= — 00 xA0XI0 599965
40 x10° x5k x10° x 10

() vo = Arvs = 3.999968 vg

Ry 30k S
(¢) For Ao — o, Ar= 1+? =1+ 10k =4,vo=4vs Error insignificant
1

2.13

R
Vo = Vs (1+—F) =5vg
Rl

vo= *15V
vo= 50 sin 2000 = +15V, 6= sin_lé—z, 0=17.45°
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Vo

197.45° 342.55)

17.4°  162.5°

2.14
Assuming vq to be negligible, vo = v+ = vs. Hence,
vo=vs=5V

is= ii=vd4/Ri and

vd = volAo
s = ij= —0 = ’v_s =Ry + 4o Ri
AoRi AoRi iS
=10k+5%x10°x10°x2x10% = 102Q
o = Vo — A.vy LYo Q)
RO Rl +RS
Vg § Ri
+
Vs Rs
—ANN—
— s
Also
R
va= ——0 (ii)
R +R,
(i) and (ii) give
jo= vo + Ao R (R, +Rs)+ Yo
R, R + R,
1 g 144, R, /(R +RS)+ 1
Roul Yo Ro R1 +Rs
Ry <<(Ri+ Rs)
1+4, R /(R +R,)
Hence
RO
Roue =
[+4, R /(R +R,)
_ S = 15%10°Q
1+5%10° x2x10°/(2 x10° +10%)
33
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2.15

R o
Ro
+
AoV Vo
Rs
(a) From Eq. (2.13)

Jow= Ao fo=2x103x 10=2 MHz
From Eq. (2.31) we get

1+R. /R
ds oy = —— TR
L+ jf 1+ Re /R)/ fow
RFZSOkQ,R1=15kQ
1+50k/15k
Ar (jow) = / G
1+ jf(1+50k/15k)/2 x 10
_ 4333
1+ 7100 x 10° (4.333)/2 x 10°
_ 4383 o35 10030
1+ /02167
From Eq. (2.32)
R
= PAofo= 1
fo= PAofo R1+RFAofb
_ Bk i 105x 10 Hz
15k +50k
= 461.54 kHz

(b)

Vs

I/‘\\+
-/
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VS 2 0 AC 0.1v

RF 4 3 50K

R1 3 0 15K

XAl 2 3 4 0

* Vi4+Vi- Vo+ Vo-

* Subcircuit definition for UA741-AC
SUBCKT UA741-AC 1 2 3 4

* Subcircuit name vVi+ Vi- Vo+ Vo-

RI 1 2 2MEG

RO 6 3 75

GB 4 5 1 2 0.5M

R1 5 4 10K

C1 5 4 1.5619UF

EA 4 6 54 2E+5

D1 3 7 DMOD

D2 4 7 DMOD

MODEL DMOD D (BV = 14V)
ENDS UA741-AC

AC DEC 10 100 HZ 1 MEGHZ
PRINT AC VM (4)

PROBE

END

T vm(4)
450 [

400 |

350 {4

“ioltage magnitude (m
[
[
[

100 1k M0k 00k AM 0 q0M
Frequency (Hz)
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2.16
(a) Ri=Rr=15kQ

Jow=Aofo=2%10°x 10 =2 MHz
From Eq. (2.31)

Ar (o) = ' 1+ Rz /R,
1+ jf (14 Re /Ry fow
_ 1+1 _ 2
1+ jf (1+1)/2x10° 1+ ;100x10> x107°
2
= —— =1.998 £-5.71°
1+;0.1
(b) From Eq. (2.32)
_ _ 15k 5 _
fc—ﬁAofb—m x2x10°x10=1MHz
VS 2 0 AC 0.1v
RF 4 3 15K
R1 3 0 15K
XAl 2 3 4 0
* Vi+vi- Vo+ Vo-
* Subcircuit definition for UA741-AC
* SUBCKT UA741-AC 1 2 3 4
* Subcircuit name Vi+ Vi- Vo+ Vo-
RT 1 2 2MEG
RO 6 3 75
GB 4 5 1 2 0.5M
R1 5 4 10K
C1 5 4 1.5619UF
EA 4 6 5 4 2E+5
D1 3 7 DMOD
D2 4 7 DMOD

MODEL DMOD D (BV = 14V)
ENDS UA741-AC

AC DEC 10 100HZ 1MEGHZ
PRINT AC VM (4)

PROBE

END
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wm(4]

Yoltage magnitude im')

1IZ'I'IZI ' 1k S 1lllillk ' 1Ellilk ' 1H
Frequency (Hz)

2.17
From Eq. (2.35)

R R R R
vo = [1 +—F] [—Ava + 2y, +—Avcj
RB Ra Rb Rc

RA=Ra||Rb||RC=? kQ

Vo = [1 40 k] [20 x 2 N 20(-3) N 20(_2)]

+
20k/\3x20 3x20 3x20
SCIE R
3 3
2.18
) vg  S50mV
= == =10 pA (R1=Rs
5T R 5k HA (R = Ry)
vo = — Arvs, =100 = A4y
m
Ry
?ZIOO,RFZIOOXSkZSOOkQ
1

Re= Ry || Re =5k 500 k = 4.95 kQ
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2.19

is e
Vs AYAAY, NN
RS = R1 - RF Ro
R &Vvd Q\/V\’_—Jrovo
+
+
Aovy
Ry _
s -
Assume R; >> Ry
V .
Rin= —> =Ri+Ri| 1, (i)
Ig
%
where rp=- _—d
Ig

—va= it R+ Ry i+ Ao va

I I
R +R

== (ii)
1+ 4,

The expression for Roy: is the same as in Problem 2.14.

500 x 10° x 50

a) Rn=5k+10"2
@ | 1+25x%10°

= 5k+102][20 = 5020 Q
R 50

Rouw = ° =
"1+ A R/(R +R)  1+25x10° x102/(10 +5k)
-3
= 30107 080
25
From Eq. (2.45)
Ar= — RF/Rl
f
1+(1+Re/R)/ A4,
_ ~500k/5k =990
1+(1+500k/5k)/25 x 10

vo=—-50x103%x99.6=-498V
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500 x 10° + 50

(b) Rin=5k+10"2
| 1+5%x10°
=5k+102|1 = 5001 Q

R, _ 50
1+ 4, R/(R +R)  1+5x10° x10"/(10" +5k)

Row =

=100x10°Q=10*Q
(¢) From Eq. (2.45)

Re /R,
A= —
1+(1+Rg/R))/ A,
-500k/5k
= / = = —99.98
1+(1+500k/5k)/5%10
Problem 2.19
VIN 4 0 DC 10MV
R1 4 2 5K
RF 2 3 500K
RX 1 0 4.95K
XAl 1 2 3 0 LF411-DC
. SUBCKT LF411-DC 1 2 3 4
RI 1 2 1E12
RO 5 3 50
EA 4 5 1 2 25E3
. ENDS LF411-DC
.TF V(3) VIN
. PROBE
. END
2.20
RF .
Af= —— =00, vo = Afvs = 00 — Saturation
1
vo=—-14V
2.21

(a) From Eq. (2.46)

R
xi(1+—F] -1 [1+%] =3x107
A R 2x10° 10k

From Eq. (2.45)

Ry 50 k

- = - —— =—4.9998
R(1+x) 10k (1+3%x107)

A=

(b) vo=Arvs=-4.9998 x 100 x 103 =-0.4998 V
39
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(¢) From Eq. (2.47)
Ry . _
AVO:x?:3X105X5 =15x107°
1

=0.15mV =0.03%

2.22
(a) From Eq. (2.13)
Jow= Ao fo=2x103%x 10=2 MHz
From Eq. (2.56)

f= — =
1+ jf(1+Re/R)/ foy 1+ jf (1+150Kk/15k)/2 x10°
_ ~3.333
1+ 7 (100 x 10%)(1 +3.333)/2 x 10°
=T33 5as8 12090
1+;0.216
R 15k

=0.230

P Rk 15k+s0k

fo= Bfow=0.23 x 2 x 10° = 460 kHz
(b) Problem 2.22

VS 1 0 AC 0.1V

R1 1 3 15K

RF 3 4 50K

RX 2 0 10K

XAl 2 3 4 0 UA741-AC
. SUBCKT UA741-AC 1 2 3 4
RI 1 2 2MEG

RO 6 3 75

GB 4 5 1 2 0.5

R1 5 4 10K

c4 5 4 1.5619UF

EA 4 6 5 4 2E5

D1 3 7 DMOD

D2 4 7 DMOD

. MODEL DMOD D (BV = 14V)
. ENDS UA741-AC

. PRINT AC VM (4)

.AC DEC 10 100 1MEGHZ
. PROBE

. END
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2.23
(a) Ri= Rr=15kQ
fow= Ao fo=2%10%x 10 =2 MHz
From Eq. (2.56)

Ar= - i - 3 6
1+ jf (1+Re/R)/ foe 147100 x10° (1+1)/2 %10
1
= - =-0.99 £-5.71°
1+0.1
f‘;: ﬂﬁwa ﬂ:05
fe=10.5%x2x10°=1MHz
2.24
(@)

L |

Ry

R, v Rs
vVio AAAY, AAAY, AAAY, 0 Vo
- - L
s e Rx T i

Ignoring vq (virtual ground)

iS:lZiF,W:fiFRz:—iRz:_vi_z
1 1 Rl
R
= = Y2
RX Rle
. R
T Ay S B
1 Rle
R 1 R
Also Vovl—ile—vi—z—R3(—+ 2 ]vi
R R R R,
o B(,&, K
Vi Rl R2 Rx

o= 20k[1+20k+20k]

50K\ 20k R

X
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20k
: z( ) 55, 20
5 R

X

Ry= —— =869.5Q
23
(b) SR =6 V/us, fsmax) = Zil;m
6
Js(max) = 57:)1(?0 =95 kHz
(¢ Vs 5 0 AC 10MV
R1 5 3 50K
R2 2 0 1K
R3 3 6 20K
RX 6 0 869.5
R4 4 6 20K
XAl 2 3 4 0 UA741-AC

. SUBCKT UA741-AC1 2 3 4

RI 1 2 2MEG

RO 6 3 75

GB 4 5 1 2 0.5M
R1 5 4 10K

Cl 5 4 1.5619UF
EA 4 6 5 4 1E5
D1 3 7 DMOD

D2 4 7 DMOD

. MODEL DMOD D (BV = 14V)
. ENDS UA741-AC

. AC DEC 10 100 20MEGHZ

. PRINT AC VM(4) VP (4)

. PROBE
. END
2.25
From Eq. (2.60)
R R
Vo = _[_FVI +_FV2 +_FV3)
R, R, 3
40 k 40k 40k
= [ +—(D3)+ (= 2)]
20 k 20k 20k

=_(4-6-4)=+6V
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2.26

NN
.
Vs
is = i = ~ » i=—IFRy= — 5
| R,
1= —l*-i-vs R,
R, R R,
i1:i1:+i:£+v$ 2
1 R R,
Also vo =vi—IiR3= — %Rz—vS R2 R3+%R3
1 1 £y |
1 R
=—vs — —R3 £—+ 2 ]vs
1 R R R,
v_o:&&(; R, J
Vg R, R, R R,
=-2 1+£+&, Given—°:£:—240
R, R, R, Vg 05

Taking R, =6 Ry and R3 =9 R4
240=6 £1+9+&j =6 (10+&j
R, R,
£ =30
RZ

Let R» = 10 kQ and R3 = 300 kQ. Then

R4= M:@k:33.33k9
9 3
R = 10 kQ
6
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2.27
From Eq. (2.67)

R R
Vo= (Va—W) —, 5=(220-200) mV x —
Rl 1
R
—£ =250
1

Let Ra= R; =2 kQ; then
Rr= 0.5 MQ = Ry

2.28
vo=—Ao (v+ — 1) (1)
Ri= 1012
Ignoring current through R;
R R R
vi= —22X andy, = E iy +—1—v,
R, +R, R+ Ry R+ Ry
Substitution in (i) gives
Vo = _onaRx+AoRFvb+AoRlvO
R, +R, R +Rg R +Rg
For R, = R and Rr = Rx
Vo = _onaRF+AO Rg vy, +A0R1Vo
R+ Ry R +Ry R +Rgp
R R
= Ae—F— (vy— ) + Ay — 12O (i)
R +Rg R+ Rp
R:/(R +R
or Vo = Ao Re/(R, + Re) (Vo —va)
1= A4,R, /(R + Ry)
_ AR (v mw)
R(1-4)+R;
25 x10° x 0.5 x 10°(200 — 220) x 10 ~250 x 10°
@) vo= 5x10 >3<05>< 0 (300 O)><60 _ : 50><60 =505V
2x10°(1-25%x10")+0.5%10 2x10° =50 x10° +0.5x10

_ 5 6 -3
) vo= 5><1§) ><0.5><1;) ><20><106 5V
2x10°(1-5%x10")+0.5x10

2.29

(@) Ao, — o, Eq. (ii) from the last problem reduces to

R R
Ar|=volve —va = —, 200= —L
| At | = vo/vb — Va R, R

Let R1 =2.5kQ. Then Rr = 0.5 MQ.
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(b) For 4,=5 x10°

Ao RF

Vo S —
R —RA, + Ry

(Vo —va)

_ 5x10° x 0.5x10° x 20 x 10~ v
2.5%x10° =2.5x10° x5x10° + 0.5 x10°
20020 x 10° =4V

4 |

0

Hardly any error.

2.30
From Problem 2.28
Vo= — onaRx + AoRFvb + AoRlvb
R,+R, R +R R +Rp
+5x10° x15x1072 x20x10° 5x10° x50 x10° x5x107°
Vo= 3 3 + 3 3
2x10° +20x 10 5%10° +50 x 10
5x10° x 5x10%v,
+
5%10° +50 x10°
= 6.818 x 103 +2.777 x 10° + 4545 x 103 vo
vo= —02V
231
(@)

+V0
R, v —V_ R A
Vi 2 ig= , 5=
R +R, R, R,
. V3 . V37VO
7= Y l6 =
R7 R6
4= 1Is
vy —V V. —V .
IR B : (1)
4 5
V.=V Vv, —V %
Is= I¢+i7, 3 3 o 3
5 R6 R7
S T M M S o
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—VS[L‘FL‘FL] :_v;_v_o (11)

Ry Ry R Rs  Rg
From (i)
oy %
R, R, Ry R
v -[i+i]—v3
R, R, R, R,
A [—R“RS] -5 (i)
R, R, R; R,
From (ii)
R.R. +R, R, +R. R
—VS[ s K + £ K + K 7]_"__"_0 (iv)
Rs Rs Ry Rs  Rg
From (iii) using (iv)
wo, BatR) 1 Rs R R, o Yo
R, R,R.  R; Ry R, +R R, +R R, Ry R,
R R
Let X= s B By
Ry Ry + Rg Ry + Rs R,
Moo, BB 1 v v
R, R, R; R, " R, R, R,
oy RatR Loy w1 v
R,Rs R, R, R, R, R,
SN T SO N T N B I Y
R, R, Ry R, R, R~ R
1
Vi /Ry + R X (vo/Rs)
v o= 5

(R R R~ ) X (VR

Also (v+ —v-)4, = vo. Substituting for v+ and v-

)+

R, R, \Rs 6 _ Yo

Vo — =—

R, + R, M _ [1] X[lj 4,

. ) (%)
Yy _ Yo
R+R, ~ (R +Ry) [lj X[lj (R, +Rs) (X) (1] A4,
R, R, \R) R RyR,  \R) \Ry
46
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R2 Vv, — ! = L . X Vo/Re+ Yo
R +R, R {(R4 +R;) [1) X[lﬂ Ry (R, +Rs) _[X] (1] 4,
" R, R Rs Rs R, R, R/ \Rs
)
(R +Ry) | 2 R {(R4 +Rs) [ ] X[lﬂ
B “| R, Ry Ry Ry

R

Assume 4, is large

R WV
LRﬁRz)}Vz '<R4+Rs>_(1)X(1]'

R
‘L Ry Ry Rs Rs/ |

Vo=

W)

R, Rs R Rs
Given R4 =Rs=R¢=R7=50kQ

em )RR X

R R
Vo= e 4 5
(R4 +Rs — X)
_ 50kx50k x50k _ 50k
3(50k x 50 k) 3
V,
150 k/250 k) v, — !
o (150k/250K) v2 = 1501 /50 Kk — 50 k/3 % 50 k)
¢ 50k/3(100 k — 50 k/3)
_ 0.6v, 0.6y ~3(v, - )
50k/250 k
232
(a)
: = £ Ay
I I3 Re
ém Rs
®
DV (~)
PR
o
%Rz R4 @ Vo
@
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R,

%
i1= , 3= —, IF=i1 113
R, Ry
R S VA
F= & ——— —
R R R
Also ip = V-"Y% _ % Y. Vv
Ry R R R
Yo _ M, [L+L+L)
Re R \R Ry R
P S Z vi vy v,
2= =—, — =
R, R, R, R, R,
v [1 1]
4 = | —+—
R, R, R,
R, + R R
vizww, Py =y, —4
R, R, +R,
Also vo= Ao (v+ —1-)
v—O=V+fv_, o=y 20
AO AO
b= Vifs Vo
R,+R, A
Substituting in (i)
Yo _ v R v,(i L+L] V_o[L+_+_
R. R R +R, \R R R A \R R R;
V_o_v_o[L+L+L v
Ry A4, \R, Ry Ryg
V_o:71/R1_R4/(R2+R4)(1/R1+1/R3+1/RF)
Vi 1/R: +1/A, (/R +1/Ry +1/Ry:)
For large A4,
Yo _ VR — Ry/Ry + Ry (I/R +1/Ry +1/Ry)
Vi 1/ Ry
_&+M(L L+L]
R R,+R,\R R, Ry
Vo _ —500k SOOkXIOOk[ [ S
V. 40 k 80k+100k \40k 50k 500k

l

= —12.5+277k (20 x 106+ 20 x 10+ 2 x 10°9)
= _125+13.0=05

48
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R R, +R,

1
Rl

(i)

1 1]
+—+—
R3 RF
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Frequency response

A
Ajw) = m, where fu = foo = Aofo
V_o(].w): _ VR —Ry/(R, + Ry) (/R +1/Ry +1/Ry)
Vi VRe +1/ 4,(jo) (1 Ry +1/R; +1/Re)

- VR —Ry/(Ry + Ry) (/R +1/Ry +1/Ry)
VRe + (/R + 1Ry +1/Rg)(1+ jf /| fy)/ 4,)

1 R, [1 1 1]
R Ry,+R,\R R, Ry

(Ll (L L 1)
Re \R Ry Re/4, "R Ry Re”, f

0
For large A4,, the second term in the denominator tends to zero. Therefore,

V_o(].m) - VR —Ry/(R, + Ry) (/R +1/Ry +1/Ry)
Yi YRp +(1/ R +1/Ry +1/Re) - (if | fo)
_ —Re /R — Ry (R, + Ry) (/R +1/Ry +1/Ry)
L+ jf Re (/R + YRy +1/Rp)/ frq
_ 500k/40 k — 500 k x 100 k/80 k x 100 k (1/40 k +1/50 k +1/500 k)
L+ jf 500k/10° (1/40 k +1/50 k +1/500 k)

Vo . 12.5-13.05 0.55
—(o)= - i —6
Vi 1+ jf23.5x10" 1+ jf23.5%10
2.33
(a)
i Re
AAAY
Vo B
@, 1 3 o
2 Vo

N\
Vo2 R3
+ R4
V2

(V1 = vy1)doe = Vol, Vi1 = Vi, V)1 = Vol
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V1—vo1) = =0

Yol
AO
For large Ao, vi = vo1, and similarly vz = va.
Now i1 = ip; then

. Vo1 Vo3
h= —
R
. Yo3 VY
Ir=
R,
Vo “ Ve _ Vo3 Yo
R R,
Yo Y3 _ Vo3 Vo

R R Ry Ry

Ve Ve -V V, 1 1 % %
VO3 o3 01__O,v()3(_+_]L1+_0
R, R, R, R, R R, R R
R +R Vor Vo
Ve T =

RR R R

R, R

V3 = v+ 1%e)

R +R, R +R,

R
Ve = Voo ———, [V == vl 4o =vo
Ry +R,
v,
or Va3 — V3= A_O

0

Substituting for vz and vy

R R R
V) 4 2 - 1 vO:V_O
Ry +R, R +R, R +R, A,
For large A4,
R R R
= 4 - 2 V1= 1 Vo
Ry, +R, R +R R +R,
R R R
Vo —E— = _yy 2 + vy 4
R +R, R +R, Ry + R,
R +R
vo=-mie 1y, n R RAR

FOI‘R1:R3: IOkQandR2:R4:1MQ,

106+ 10° 10k+1M

V:7V . — v._.
© ! 10* ? 104 10k+1M
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—v1 100 + v2 100

(= 100) vi — (= 100) v>
ar=—-100, a2 =-100

(b) Assume v, = 0; then v, = ajvi.

SR _ 6V/ps

fmax = =95.5kHz
2rvyg 27 x10
(c) Problem 2.33
Vsl 2 0 AC 1MV
VS22 5 0 AC 2MV
R1 4 9 10K
R3 7 8 10K
R2 9 10 1IMEG
R4 8 0 1MEG
XAl 2 4 4 0 LF411 AC
XA2 5 7 7 0 LF411 AC
XA3 8 9 10 0 LF41l AC
SUBCKT LF411_AC 1 2 3 4
RI 1 2 2E12
RO 6 3 50
GB 4 5 1 2 0.1M
R1 5 4 10K
Cl 5 4 0.79UF
EA 4 6 5 4 2E5
D1 3 7 DMOD
D2 4 7 DMOD
MODEL DMOD D (BV = 14 V)
ENDS LF411 AC
AC DEC 10 100 20MEGHZ
PRINT AC VM(10)
PROBE
END
51
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110 F vm(10)

100

waltage magnitude im')
(%5
[

-10

1k 10k 100 k TH 10

Freguency (Hz)

2.34
(V31 * R4 iF Rr
1 =AM AW
1
p Vo1
Rz,
< —o
AAY o
R i
X X j R3
~A\VV

Rq
2 NV
Vo2
+
vy Rs

Assume there is virtual short circuit at the input of op-amps 1 and 2. Then
VOL= V1, V2=

Current ix through Ry is given by

. VI_VZ
= —2
RX

. VI — V. .

v01:V1+lxR2:V1+¥R2 (1)
RX

. V=V, .

Vo=V —ix R3=vy — R— R; (i1)

X
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Voo = V)3 . ( V(-)3 _Vo\

iv=ip, i1 = , ip=
1 F, 11 R k R,
1= If
Vor ~ V)3 Y3 Vo
Rl RF
Voo Y3 _ Vo3 Vo
Rl Rl RF RF
JYos Yes U Yo Yo
Rl RF Rl RF
(1 1) R +R
VR |5t T o
LRl Rp R Ry
R +R
Vs —LTE — Yor . Yo
Rl RF Rl RF
R R R R
Vs = —LE Yo , % Yo
R +R: R R +R: Rg
- _f Vol T R Vo
R, + Ry R, + Ry
RS
V3 = Vo2, [V — vl 4o = vo
R, + R,
R R R
— Vo2 — ——— Vol — L yp= 0
R, + R, R +R; R +R; A,

Substituting for ve1 and ve2 from (i) and (ii)

R R R R R
> v =y —vy) |- . v —vy) |- 1 VO:V_O
R, + R, R | R+R: R R +R A

X F
Rl VO — RS RS R3 + RS . R3

V2 — =V -
R+R. R, +R, R, +R, R, R, +R, R

R R
_ L & &
R +R, R+R. R R+R. R

GivenR2:R3,R1:R4andRF:R5,
Rv, _ Ryv, R R, . R R

v .
R+R, R+R. R+R R = R+R R

R R R, R R

_ i . 1
R +R, R+R. R R+R R
Re oy R 2R R

R +R, R+R. R R+R R

X

V2
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R (v2—v) + R Ry (v2—w)
R+ R R+R. R
R 2R
= (V2 — v1) F 1+ =2
1 + RF Rx
R R 2R
Yo (v2—v1) F_11+—==2
R +R, R +R, R
R 2R
vo= (n—v) - —= |1 2
1 Rx
2.35
From Eq. (2.73)
o ()8
Vo1 ~Vs2 R, J\R,
Take Rr =500 kQ, R = 10 kQ and R = 1 kQ. Then
Vo :1+2><1000X50: 2000X50
vsl _vsz Rg Rg
R, can be varied from 100 to 200 Q.
2.36
a-—Yo  _fe
Vo —Va R
For R, = 1 kQ, Rrp= 750 kQ.
Problem 2.36
vsl 1 0 DC 1MV
vVs2 4 0 DC 2MV
R1 2 5 1K
RA 3 6 1K
RX 6 0 750
RF 5 7 750K
XAl 1 2 2 0 OPAMP
XA2 4 4 3 0 OPAMP
XA3 6 5 7 0 OPAMP
. SUBCKT OPAMP 1 2 3 4
RI 1 2 2E12
RO 5 3 50
EA 4 5 1 2 2E5
. ENDS OPAMP
. OP
. END
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2.37

1
Vo = Vcof WJ.VS dt

For0<t<1ms

1 t
vo=0———|(+Ddt =—105(¢
0 10_5£( ) (1)

Fort=1ms, vo=-10°x107=-100 V. The amplifier goes in saturation at vo =— 14 V
and Veo=—14 V.

For1 <t<2ms

t-1

vo= — 14— 10° j(—l)dt = 14+ 105 (¢ — 1 terms
0

For t =2 ms, vo =— 14 + 10 (1073). The amplifier goes in saturation at vo = + 14 V and
Veo=14V.

For2 <t<3ms

t-2
vo=14-10° [ (+1)dt =14 - 10° (t— 2)ierms
0

Att=3 ms
vo= Via=—14V
Vo= — 14V
For3<t<4
t-3
vo=—14-10° [ (-1)dt =—14+10°(t-3)
0
At =4 ms

Vo = Vsat:+14v
Veo= 14V

Waveform is shown below.
v

v II \\ t(ms)
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2.38

1
Vs = —93t 0<¢t<1ms
10
10
Vg = —10—_3t+20 Ims<t<2ms

Att=1ms

Vo=—5V=—10" —
2

2.39
R || Rr= R for Rr>> R,
Cx= Cr(1+40)=0.01 puF (1 +5 x 10%) = 5000 puF
1
Cy= Cr (1+A—] = Cg=0.01 }.LF
From Example 2.11
A
A(S) = __ "o
1+ RC,s
3-dB frequency
1 1 1
oy = = = — rad/s
RC, 10*x5000x10° 50
fo=3.18x 103 Hz
2.40

Since 4 =10 at = L =0.16 Hz
2

fo=10x0.16=1.6 Hz
Let Ci =1 pF. Then
1

Ti= =99.5 ms
27 x1.6
-3
R = w =100 kQ
10~
= B =6.25s, Rp= @ =6.25 MQ
1.6 1 uF
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Problem 2.40

VS 1 0 AC 1MV

CF 3 0 1UF

R1 1 3 100K

RF 3 4 6.3MEG

RX 2 0 100K

vCC b 0 12v

VEE O 6 12v

XAl 2 3 5 6 4 UAT741

. Vit Vi- +VCC -VEE Vo
. LIB NOM.LIB

. AC DEC 101 0.01HZ 10HZ
. PROBE

. END

2.41
()

Givenvalues Agp =20, Ry:= 1-10° Ry :=20-10° fy;:= 1000

Using Eq. (2.86), dc gain (for an ideal op-amp and neglecting the effect of RL)

Rp = Agp-Ry Rp =2x 107
From Eq. 2.87
Cpm = Cp =7.958x 107"
2% Rp-fig
Cr= 8nF

(b) For SPICE verification,
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Problem 2.41
VS 1 0 AC 1MV

R1 2 1 1k

RF 3 2 20k

CF 3 2 8nF

Ri 2 0 2Meg

E1 NOO2 0 2 0 -2E+5
Vin 1 0 AC 1ImV O

RL 3 0 20k

Ro 3 N002 75

.ac dec 101 0.1 100kHz

PROBE
END
Plot
vm(3)
20 <
15
>
£
()
el
2
5 10
@
£
[
g
5
> 5
\\_
0
1m 10m  100m 1 10 100 1k 10k 100k

Frequency (Hz)

2.42
(a) From Eq. (2.108)
1

1
fom= ————, 104 = ———
27 RC, 27 RC,

For C;1=0.1 uF, R =159 Q.
From Eq. (2.110),

R
Af(max): ?F,RFZZO x 159 Q)
1

Rp=3180Q
(b) Problem 2.42
VS 1 0 AC 0.1V
R1 1 7 159
Cl 7 3 0.1UF
RF 3 4 3180
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RX 2 0 3180
VvCC 5 0 15V
VEE O 6 15V
XAl 2 3 5 6 4 UAT41

. LIB NOM.LIB
. AC DEC 10 100Hz 1MEGHZ

. PROBE
. END
2.43
(@) w=RiCi=2x10*%x108=20ps
1 1
b = = = 7958 Hz
®) 27RC, 27 x2x10°x1078
R 10k
¢) Afmax = F___— =
(©) Aftmax) R 2K
2.44
Using Eq. (2.110)
R
A, = —E
ol =
Assume R; =5 kQ and App = 20.
Rr=15x20=100kQ
1 1
fi=——, Ci= ——— =64nF
27RC, 2r x5k x5k
fu= | ! =250Hz

27RC, 22 x10x10° x6.4x 107

For SPICE verification: using op-amp model of Fig. 2.3(a) as

Problem 2.44

R1325k

RF 4 3 100k
Cl121 6.4nF
Ri 3 0 2Meg
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E1NO002 030 -2E+5

Vinl1 0 AC ImV 0

RL 4 0 20k

Ro 4 N002 75

.ac dec 101 0.1 100kHz
.PROBE

. END

Plot

V(v

100mHz  1Hz 10Hz 100Hz 1KHz 10KHz 100KHz

2.45
(a)
Ri iy
W
Rs
Vio— AN

Assume i;=0

_0=vyy vy Vg
- ==

i i i
1 R, x, (1)
Vi—V_ v_ i %
ol (2) _ 2) o (11)
R, R,
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From (i)

V-0 _ Y- " Vor
Rl R2
V-0 _ Y Vo

B (V—a) V—a)\ _ Val
R, R, R,
, (1 L1 AR
- | T T
(& &) ",
- Ri+Ry vy
RR, R,
R, +R, R,
V-(1)y X ———— = Vol, V_(1) = Vol . ———
R, R, +R,
( R )
Voi = Aot(Va 1y — v_(1)) :AOLVi — vy WJ
1 2
R,
Vo1 = Ao (Vi) — AoVol m
R,
Vol + AoVol ———— = Aovi
R, +R,

A, '
= 1+A0R1/(R1 +R2).V1

Vol

Now viz = v

Yo Vo) _ Y- ~ Yo

Vv
vo =A4o (Vs @) — v-), A_O =Vi)—V-(2)
o

V, V,
A—(Z =vi—vo, V—<2>:V1—A—(Z
Vo1 Yo (R4 +R5\
e evo (55
R, R, R,R;
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mﬂ_o[v._v_o](’“_”‘“s)

R, R; 4, R4R;
A, v Vo R, + Ry R, +R;
— ==y Vo
1+4,R /(R +Ry) R, Ry R4R; R,R;
Yo Yo (R4 +Ry) :V'R4+R5 A v

Ry A, R,R. RRs 1+ 4R /(Ri+Ry) R,

1 R4+R; R, + Ry A,
vo| — + =V —
Ry A, R R, RyRs  (1+R 4, /(R +R2)) R,
A
(Rs +Rs)/RyRs —

Yo _ [1+R, /(R +Ry) 4, |R,
v I/Rs +(Ry4 + Rs)/ 4, R,R;

A
Now let 4, = 0

L+ jf1fy

AO
(Ry+Rs)/RyRs — (1 1)1+ (R (R + Ra)) (4 + i1y R4
i VR +(Ry + Rs /RyRs).[(1+ jf1f,)] 4]
(R4 +Rs) A,
R,Rs

(1+ jf1fy) Ry +LR4A0
(R1 +R2)

1 . (R4 +Rs) J{(R4 +R5)Mjf)

Yo _
V.

Ry R,Rs A, | RyRs A4, [\ f,

(R4 +R5) A

_ (4]

R,R j RR, A
4 [R4+JfR4+1 u 0}
Jo (Rl +R2)
RN (R4 +Rs) +[(R4 +R5)} i
RS R4R5 Ao R4R5 Ao .fb

(R4 +R5) 1

R,R R R\R
445 ]f 4 + 1444
fb Ao (R1+R2)

1 (R4 +R5) Jf
Ry " R,Rs '(AO fbj
(R4 +Rs) 1

R R,R
R,R; i 4, 113y
A, f, (R1 +R2)

+(R4 +R5)_[ Jf j

R,R; A, 1y
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(R4 +Rs) - 1
R,R; R\R, Ry (R +Ry)
— |51
|:(Rl +R2)H +Jon Jo RiR, }

R RT ()

+

R4 Ao fb
check Ay > o
RRy — R,R;
Further
A, fu R
fu = ARR 09108
R, +R,
R, 10 x50  10° x 50
f‘;Z = Ao fb = =
R, +R; 50 + 500 550
SR
b max <
(b) fr 277,
SR 6
fmax = = %
27V 107 x 27 %10
=95.49 kHz
2.46
AAAY,
R, ® R
A%
I2
vi R ® Ra Rs v
AAA — (0]
i [7&=N @ 1A AVAAY @is Y, @ o
+
@)
= V2
®
Vi — V. Vi1 — Ve Viyg—V
R, R, Ry
n=in+ni

Substituting for iy, i2, and i3

Vi Yo

_ Yor Yo Yor Yo
Rl Rl R2 R2 R3 R3
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V.

Vi \/ Vo A% V,
ot Yo Yor Yo

I ol @)
Ry Ry R, Ry Ry R
Also 4= Is
Yol Vi _ Ver — Yo
R, R;
Yoo Yo2 _ Y02 Yo (ii)
R, R Ry R
Further (O — V(f)l)Ao = Vol, (0 — V(f)z) Ao =Vvo
or
v v,
— Ve = AL: VR = A_(())
or
1 Yo
VOol= ———, Vo= ——=
1 ) )2 A,
LR [L+L+L) Yu Yo
1 R R R R R
_ Va [L+L+L] Ve _ Y
A, \R Ry, Ry Ry, Ry
1 Vo
= — Vol [/ +—+—] }— (ii1)
[ By Ry R/ Ry| R
From (ii)
Vol [ 1 1 ) Vo
oLy | —r—| -2
R, R, R/ R
_ _Yo [L L] Y
A \R, Ry R
R
VoI = — —+ Vo [LJrL] —& Vo
A, R, R/ Rs

Substituting in (iii) we have

v [&(1 1] R, ] 1(1 1 1]1
— =t =t |Vt | |||+
R, A, \R, Rs Rs A \R R, Ry R,
For largeAD—v—O

3
. R 1 R 1
B e MR o
Rl RS R2 R3 R2R5 R3

Ry R, — R, Rs

= ———Vo

R2R3R5
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Substituting the values

Vo R, Rs Rs 3 100k x 150 k x 160 k
vi  R(RyRy—RyR;) 20k(150k x20k —100k x 160 k)
=-923
(b) Problem 2.46
VS 1 0 AC 0.1v
R1 1 3 20K
R2 3 4 100K
R3 3 7 150K
R4 4 6 20K
R5 6 7 160K
RX1 2 0 10K
RX2 5 0 10K
XAl 2 3 4 0 UA741-AC
XA2 5 6 7 0  UA741-AC
SUBCKT UA741_AC 1 2 3 4
RI 1 2 2MEG
RO 6 3 75
GB 4 5 1 2 0.1M
R1 5 4 10K
c1 5 4 1.59UF
EA 4 6 5 4 2E5
D1 3 7 DMOD
D2 4 7 DMOD
MODEL DMOD D (BV = 14V)
AC DEC 10 100 20MEG
PRINT AC vM/7
PROBE
END
2.47
(a)
R, i Re
f«m AN R
5
= NN
2 Re
® iy, Ra
® Po) NN ®
+ 2 >—1o
v Rs ® . @ v
Vs Re
iv= i, i = m, iy = YL Yol
Rl R2
Yo _ Yo Yo Yor You_ o Ve
Rl R2 R2 ’ Rl R2 R2
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(Rl + Rz] Vol R
or V)l = — or Vol = Vol
RR, R, R+ R
Vo — Vi Viyy —V
is = is, = 2 is = =2
R, R;
Vo1 “V2 _ Vo2 Vo
R, Ry
Vor Vo2 _ Vg Vo
R, R; R, R
1 1 Y v
V| —H—|= L9
R, Rs R, R
Vo R, +Rs _ erv_O
R, Rs R, R
Also Vi —=von) 4o = vor
And (v2—vep) 4o=vo
From (iii)
R
1 Ty
AR
vi Ao Yorfo™ Vol
R +R,
AR
Vol (1+ o~ ]=V1A0
R +R,
AO
Vol = V1
1+ A4, R /(R +R,)
From (ii)
V(o2 Ry + Rs =V 4y XL"‘V_O
R, Rs 1+4,R /(R +R) R, Rs
Vi = Ry +Rs A XLJFﬁ.V_O
R, Rs 1+ 4 R/(R+R) R, R,+R; R
R R
= ] . VO Vl + 4 VO
R,+R; 1+A4 R /(R +R,) R, + R
From (iv) v2 — Rs . A - Ry Vo = Yo
Ry+Rs 1+A,R /(R +R) Ry+Rs A,
by — Rs Ay _ Yo, R, Vo
Ry+Rs 1+A R/(R+R) A, R, +Rs
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(1)

(i)

(iii)
(iv)



R A

0

o Ry +Rs ‘1+A0R1/(R1+R2)

y [L Ry ]
(6} + Vi
A, R, +Rs

V2 _ n x1 Rs/(Ry + Rs)
A, +Ry[(Ry +Rs) 1/ A4, +R [(R +Ry) 1A, +R,/(Ry+Rs)

Vo =

For large A4,

V2 N Rs
vo = - —
R,/(4, +Rs) R +R, R,

Given R; = Rs =10 kQ and R, = R4 = 500 k kQ; then

R
Ry R R,
SR WARNEETAN
R, R, R,
=aqvi—-biwn
where
R
+
4= _10k 500k>< 10k 10
10k 500 k
R, + R +
b= — 4 TR 500k +10k !
R, 500 k
vo= (—1.02) vi — (— 1.02) v,
Note b; 1s same as as.
R R
(b) fnax = 5 = S = 6V/ps =955kHz
2 Vy, 2xx10V 27xx10V
2.48
Same as Problem 2.47.
2.49
A1=5,4=7,43=3,B1=2,B,=1,B3=6
A=5+7+3=15B=2+1+6=9,C=4-B-1=15-9-1=5
Co 0,k e B T
C C 5
For Ra =20 kQ, Rp = MRA =15 x 20 k=300 kQ.
R
Ry = M:mkﬂ,]za:i:%:a)m
5 4 5
Ry = £=&k=42.86k§2
4,
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R.= 320 =100 kQ

R = Ry =390 1s0k0
B, 2

Rz:&:ﬂk 300kQR37R—:M:50kQ
B, 1 . 6

From Eq. (2.117)
Re=Ri||R2||R3 || Ry=(1501]]300 || 50 || 60) kQ2 = 33.33 kQ
Ry || Rr= 33.33 (/300 =30 kO
2.50
A1=54>=9,43=3,B1=8,B,=2,B3=6
A=5+9+3=17,B=8+2+6=16,C=4-B-1=17-16-1=0
Ry = 00, Ry=o00; M =17
Assume Ra = 20 kQ; then Rr = MRa = 340 kQ.
340 Ry 340

Ri= & = =—k=68kQ,R,= — = — =37.77kQ
4 5 4 9
R Ry

R.= —F:ﬂ:11333k§2 Rl——:ﬂ:@ﬁkﬂ
4, 3 B, 8
R R

Ry= —L£ =340/2=170kQ, R; = - -3 5666k
B, B 6

From Eq. (2.117)
Rg= (Ri || R2 || R3[| Ry) = R1 || R2 || R3

(340 ||170||ﬂ) kQ =21.25 kQ

Re || Re = (21.25 || 340) k = 20 kQ

2,51
Referring to Fig. (2.34) and Eq. (2.119)

v =(5v,+7v,+3v.)—(2v, +v,+6V,)

v =Av,+A4,v,+Av.—-Bv,—B,v,-B,v,
where

A=A4+A4,+4,=5+7+3=15

B=B +B,+4,=2+1+6=9
C=4A-B-1=15-9-1=5

Since C >0, R =0, R, :R_g:&

For R, =20K
R. =MR,, where M is the largest value of A . Thus in this problem, M =15
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R, =MR,=15x20KQ=300KC2

o _Re_300KQ o
e s

R, =R J30KQ_ k0
4 s

R, =Re 30KE s s6k0
4, 7

g e _300KQ 000
4 3

g o Re 300KQ oo
B 2

R, =R 300KQ_ 500 kq
B, 1

R =Re 300RE _5oxq
B, 6

R, =

X

Check:
From Eq. (2.116)

R, =R |IR,||R. =60KQ42.86 KQ|100KQ = 20K
From Eq. (2.117)

R, =R R, IR R, =150KQ||300KQ||50KQ||60KQ:@KQ
From Eq. (2.118)

R |k = 150KQ

1300 KQ =20KQ

Therefore, R, = (R, ||R,) is satisfied.

2.52
Given
vo=(5v,+9v, +3v.)—(8v,=2v,—-6V,)
R, =20KQ
v =Av, +A,v,+ A v.—Bv,—B,v, - B, v,
where

A=A +4,+4,=5+9+3=17
B=B +B,+B,=8+2+6=16
C=4-B-a=17-16-1=0
Since C=0, R, =0, RyZO
R.=NR_. and N=9

R, =9x20KQ=180KQ
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R =Re I80KQ 4040
4 s
R, =Re 10RO _okq
4, 9
g R 180KQ o
4, 3
R=Re 10K s 5k0
E
R, =Re 150KD _g0kq
B, 2
p R 180KQ oo
B, 6

From Eq. (2.116)

R,=R,||R,||R, =36 KQ|20KQ||60KQ=10.58 KQ
From Eq. (2.117)

R, =R ||R, || R, =225KQ||90KQ||30KQ =11.25KQ
From Eq. (2.118)

Ry IR, =11.25KQ||80KQ =10.58 KQ

Therefore,
R, =(R, || R.) is satisfied

2.53

6
Closed loop gain 4, = % = 11x1184 =100
, X

From Eq. (2.120)
v, (min) <v < v, (max)
A, ‘ A

f A
BB
100 ° 100
Maximum input signal = £130mV
2.54
1x10°Q
a) Closed I in A, = =100
(a) Closed loop gain = 0K O

Peak input signal = ii =+130mV
100

(b) Undistorted output voltage = 12V

Limiting Op-amp current = =18 mA
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Yo _18- 12 18 12=6m4
R, 1KQ

Allowable load current i, =18—

% 12
Minimum load resistance R, > —%*=——=2KQ

R, 6mA

2.55

SR:IOL

HUS
(a) From Eq. (2.126)
SR=6.286v_f

Fo_SR__ 10
6.286v, 1x10°x 6.286x10x10™

(b) From Eq. (2.128)

f;(max) = SR = 6 10 :1592KHZ
‘ 2xxV, 107 x2 7x10

=1.59x10° Hz

2.56
From Eq. (2.123)
t.=03us
t. =227t

= trz ~136.36x10° s

From ﬁq. (2.125)
1 1

S = = —=1.16 MHz
2zt 27x136.36x10
2.57
SRleL , Ve =10V
us

(a) From Eq. (2.128)
T_&_lelxlO_ﬁ_
SR 10

1 1
S = 2rt 27x10°
(b)

From Eq. (2.128)

6
S = SR __ 10 107 159 KHz
2zV, 27xx10ps 2rm

10°s

=1.59x10° KHz

2.58

SR=102-, f =250KH=
US
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(a) From Eq. (2.127)

;SR _ 10

= = — =637V
2z f, 1x107 x27x250x10
(b) From Eq. (2.127)

6
S = SR__10200 59 1 gz
2zV,  27x10

2.59
(a) From Eq. (2.130)

v =+(1+8ey,,
1

v, =t6mlV
v, ==+ 5OKQ)6mV
I5KQ
v, =t26mlV
(b)
v, =v, =tomlV
2.60
v, =t6mlV
v, =12V

Referring to Fig. (2.40) and using the expression given below

voo = Vio +v¢t = Vio(l +L)
CR CR

+12 = +6mV(1+——)
CR

L oy10°

CR

t=2x10"x0.1x10° x10x10° =25

2.61
(a) If Ig is the biasing current
Vob = Relg = 50 x 103 x 500 x 107°
=25mV
(b)

Offset minimizing resistance

Ry=Ri || Rr (15| 50) k = 11.538 kQ
2.62

Using Eq. (2.138)

R R
Vi = [1+—Fj Ry lio = [1+—Fj Ry Lo
R R

1 1
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R 50
= 1+_Fj Ri||Rp) lio=|1+—| (15] 50)k I
[ R (R1 || Rr) 15( [ 50)
= 8 150 200 x 109 = £ 102V

15

2.63
(@) Voi=RrLlio=1150 x 10° x 300 x 10° =+ 45 mV
(b) Vop =150 x 10%* x 500 x 10 =75 mV

2.64
(@) Ri||Rr=(15]50)k=11.54kQ =Ry
Vob= 0
Voi = Rr lio =+ 50 x 103 x 300 x 10~

=+ 15mV
(b) For Ry =0, Eq. (2.2.134) gives
Vob= R I =50 x 10 x 500 x 10° =25 mV

2.65
(a) From Eq. (2.142) for vc(t = 0)

V. 1
Vot = 1 t— 221+ Vie— R Ipi

CFRI CF
-3 -9
- 776><10 3t_300x7170 t+6x103-10x% 103 x 500 x 107

107" x15%x10 10
6 —. -

= — ¢t-3t+6x103-5x%x103
1.5

=4t-31, t=12s

(b) R« =0, hardly makes any difference. The value remains the same.

2.66
From Fig.P2.66
I, =1y
i, =1+,
by =1 =

Since v, =i R,

o

o=l =h =1~
2
Since v, =i R = lle

VS VO

i = -
Rl RZ
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v, =—i,R;

l‘u:£+l‘f&:£+£&:£(l+£)
R "R, R RR R R,
v R

i =—1+-=+ 1

0 Rl( Rz) (1

Given R, =1IMQ, R, =1KQ,i =500mA4, v, =10 mV
From Eq. (1) above

3
S00ma 10V | 10'KQ
R, 1KQ

)
R =200

2.67
Power produced by the photodiode
P=Dpa=10°x40x 102 =400 nW
is= PD;i=400 x 10 x 1 =400 nA

Rr= |- voli |=;=£=25MQ
f OB 400nAa 4
2.68
For Rr>> R,
Vs = RiRy Im
F

Let Rr =100 kQ; then R, = 100 Q.
VsRe _ 200x107° x100 x 10°

R1 = 3 5 = 2 MQ
IyR, 100 x107° x 10
2.69
Zin = — R (R]/RF)
Assume Ry = Rr=10kQ and R = 15 kQ. Then
Zin= — 15kQ
2.70
Avp
\' 10
5\
01V 0 +0.1V Ve
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Vo = 750Ve+5
= =50 (Vref—vs) + 5=50 vs — 50 vier + 5
Let Ri =10kQ and R, = 10 kQ. Rp =50 x 10 =500 kQ = R3.

12V
Rs=Rr
-5V NN "
F
12V NN
% Re=R, +12V
Vref AVAAY -

Lo

+ R4 + Vo
Vs

|||—

2.71

There is no unique solution. Hint: Use an op-amp comparator to compare the dc voltage with
the sifted sine wave to produce a square-wave output and then pass the signal to a R-C
circuit, this is to differentiate.

2.72
Same as Problem 2.70.
2.73
Ao= 1+ Rp/R; =100
From Eq. (2.31)

Ac(o) = ' 1+ R, /R
1+ Jf (1+ R/R)/ £,
From Eq. (2.32)
1
= fow X ————, fow=4 x 10°Hz
Je=Fo 1+RF/R1 fo

fow= 4 x 10°Hz
fo=4 x 10° x L =40 kHz
100

Let Ry =2.5kQ. Then

%=99,RF=2.5X99kQ

1

=247.5kQ

=250 kQ
Voltage swing:
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We know
SR SR

= =25 x 10°Hz
27y, 27x11

fi=

SR=25x 10° x 2zx 11=1.73 V/us
Problem 2.73

VS 1 0 AC 1MV

RX 1 2 10K

R2 3 0 2.5K

R3 3 4 250K

XAl 2 3 40 LF411 AC

SUBCKT LF411 AC1 2 3 4
RI 1 2 2E12
RO 6 3 50

GB 4 5 1 2 0.1M

| I —

R1 5 4 10K
c1 5 4  0.79UF
EA 4 6 5 4  2E5
D1 3 7 DMOD
D2 4 7  DMOD

MODEL  DMODD (BV = 14V)

ENDS LF411 AC

AC DEC 10 100 20MEGHZ
PRINT AC VM(4)

PROBE

END

1

7] vmi4]

viltage magnitude {m)

i T e R SR
Freguency (Hzh
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2.74

Use the circuit of Problem 2.33 to design the desired differential amplifier circuit with 4¢ =5
kV/V and R; = 500 kQ.

> R4 R>
NN AAAY
V4 + Vo
—O +
Vo
= R3
A ="

V2 * Vo2 % R
4

From Problem 2.33
Ri=R;=10kQ, Ro=Rs=1MQ
Ay =—100vi + 100 v2=—100 (vi — v2)
Now add one stage of noninverting op-amp of gain 50.
Ar= Avi x A2=100 x 50=15000=5kV/V
Problem 2.74

Vsl 2 0 AC 1MV

VsS2 5 0 AC 2MV

R1 4 9 10K

R3 7 8 10K

R2 9 10 1MEG

R4 8 0 1MEG

R6 12 0 1K

R7 12 13 49K

R8 10 11 1K

XAl 2 4 4 0 LF411 AC
XA2 5 7 7 0 LF411 AC
XA3 8 9 10 O LF411 AC
XA4 11 12 13 0 LF411 AC

SUBCKT LF411 AC1 2 3 4

RI 1 2 2E12
RO 6 3 50
GB 4 5 1 2 0.1M
R1 5 4 10K
c1 5 4 0.79UF
EA 4 6 5 4 2E5
D1 3 7 DMOD
D2 4 7 DMOD
MODEL  DMODD (BV = 14V)
ENDS LF411 AC
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PRINT AC VM(13)

AC DEC 10 100 20MEGH2
PROBE

END

7] vmi4]

wiltage magnitude {m)

100k 1M 10 M

100 1% 10 k
Freguency (Hz)
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