1.1

1.2

1.3

1.4

1.5

1.6

Chapter 1

From Eq. (1.1)

V, 35
VLSB :2L: :? =136.7 mV

From Eq. (1.1)

VLSB=@:%=76 mV

n

From Eq. (1.1)

V, 35
VLSB =15 2?2534 IIJV

n

From Eq. (1.2)
v =(1x27" +0x27 +1x27) x5 =(0.5+0.125) x5=0.625x5 V
v, =3.125V

From Eq. (1.2)
v, =(1x27" +1x272 +0x27 +1x27) x5V
v, =(0.5+0.25+0.125) x5V =4.375V

v,z =6.5+5x107 Sin 200 7t

Vye=65V
V,e 65
=10C = " —65mA
PCR1KQ

L

v, =5x107Sin 2007t V
;e _ 5x107 Sin 200 ¢

’ =5x107 Sin20071 mA
R, 1KQ

v, =6.5+5x107Sin2007z¢ V

-3
v, =.6.5 +(ﬂ)2 =65V
\ V2

-3
I :\/6.52+(5x10 Y md =6.5mA

V2

1
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1.7 Given
Vpe =7.5+10x107 Sin2000 ¢ V

Voe =75V
T LTS g5,
R, 1KQ

v, =10x107 Sin 20007 ¢

= 10x107°Sin2000 7 ¢
¢ 1K

=10x107Sin 2000 7 ¢ mA

10x10°°
V., =[(7.57 +( VY =75V
b \/ \/5

i,=7.5mA+10x107 Sin2000 7t mA

10x107°
I,= (7.5 +( ) mA
\/ 2
I,=7.5mA
1.8 v, =1.5+12x107 Sinwt V

v =7.5+2.5Sinwt V

From Eq. (1.9)
7.5
A = —_—=
LS
From Eq. (1.10)

4 = 2.5

122107 =208.3

1.9
y, =2.5+20x107 Sin ¢

v, =7.5+4.5x107 Sin wt

From Eq. (1.9)
7.5
A ==
Y25
From Eq. (1.10)
4.5

=——" =225
4 20x107°

1.10
(a) From Eq. (1.12)

“n M
R, 100KQ ;)

- P
Powergain 4y = =T = 40x107)
/R 50KQ

1

2
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(b) For R, =R, =50KQ

2
APZQZVOZZ;_”:625
P vl (40x107)

s

From Eq. (1.11)

1.11
(@)
From Eq. (1.12)
2
Vu/ 1.27
4 LR 147KQ 53
P 2 - 32 -
v, (80x107) /
R, 100K Q)
(b)
R, =R =100K€Q
W/
R 1.2
Ai = L = " =
Vy 80x10
Ri
1.12
v
(a) Ay = Lewedo 65 - =130x 10%=130 or 4228 dB
Vi(peak) 50 x 10~
o= Yoo 2 698100078 _ 4 5 10002 mA
R, 5000
i 3
ay= e L3XA0 7300067 98 B
1L (peak) 1x10~
Ap= Ay - 4= 130 x 1300 = 169 x 10° or 52.28 dB (10 log Po/P))
V- -3
Ri= He  S0X107 5040
Li(peak) 1x10
(b) Psc= Veclec+ Vee e =15 (15 + 15) mW
=450 mW
P = Vo(peak) ) io(peak) _ 6.5x13%x107
V22 2
= 4225 mW
Vi(peak) ii(peak) 501077 x1x107°
Pi= . = =25nW
V2 2 2
3
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B : B
pm = 22210 935
P +P  450x107° +25x10°

(©) Ay Vitmax) = Vomax) = Vec

Vi(max) = % =1154mV

1.13
Vo=53VatVi=21mV, Vo=58V atVi=27mV
AVo=58-53=05V, AV1=27-21=6mV
AV, :
(a) a= Do 03 - =83.30r 38.4dB
AV, 6x10
v :
(b) Age= —=> = % =229 or 47.2dB
Vi 24x10"
Vo 7V(min) o(max) Vo
(¢) < PVr—24mV <
4, v
5542 L oy 11258
83.3 83.3
—42mV £ V- 24 mV <66 mV
- 18mV < <90 mV
1.14
2
() o= 2o = 2V _oma
R 10kQ
po Mo AmVo
100 kO
-3
ai= o 202000 5 10¢ or 86.dB
i 10x10°
A=Y o2 oy
2 1x10
A= Ay Ai=2x 10°x 2 x 10*=4x 107 or 152 dB
(b) vi= i Ri=1x103x100=10"V
Vo= io RL=100 x 103 x 103 =100 V
A= Yo =109 1600 or 60dB
2 0.1
. 3
ai= o 2 100007 400 or 40aB
A 10~

Ap= Av Ai=1000 x 100 =10 or 50 dB

4
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1.15
(a) From Eq. (1.23)

AV — AV()

(1+RS/R1‘)(1+R0/RL)

= 150 =133.6
(1+200/1800) (1 +50/4700)

From Eq. (1.24)

gie AoRi _150x1800 _ o o
R, +R, 4700+ 50

From Eq. (1.25)
Ap= Ay Ai=133.6 x 56.84 = 7593.82
(b) Problem 1.15 Amplifier

VS 1 0 AC 100MV
RS 1 2 200
RI 2 0 1.8K
El 3 0 2 0 150
RO 3 4 50
RL 4 0 4.7K
TF V(4) VS
. End
1.16
For maximum power transfer
Ro=RL=50Q
PL: Vo io
= (4vvi) (4i ;)
_ Ay -V _ A, R i
(1+RS/R1)(1+R0/RL) RL+R0
_ A\%o R1 RL Yi Avo Vi
(R1 +Rs)(RL +Ro) (RL +R0)
2
. M RR
(R, +R,)*(R, +R,)
2 2.2
_ Avo R1 RL . R1 Vs

(R +R)* (R +R) (R +R,)
A% RUR v
(R, +R,)*(R, +R,)’

150 x 50 x 1800% (100 x 1073)?
1007 (1800 + 200)°

P L(max) —

820 mW

5
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1.17

Av, R,
v, R +R,
A R
Yo —15=—"°
v, 1.5k +R,
3
Ro= 1.5x10° x0.15 26470
0.85
1.18
R R R; -V
(a) Vo = Avo Vi L = Avo L .
R, +R, R, +R, R +R,

200 x 22 x10° x50 x 107 _
(22 +20) (10° +1500)

16 V
(b) From Problem 1.16

A RV
(R, +R,)* (R +Ry)®

_200% x22x10% x (50 x 107)?
(22 +20)* - (10° +1500)°

= 1.19W
5.16
¢) 4y=—">=—""-=1032
© s 50x107
@) 4=, io= 216 15586 mA
i 22 +20
-3
= = =200 49350074
R;+R;  1500+10
-3
4= 122.86><107 949 % 103
493x10°
(e) A,=AvAi =103.2x249 x 10°
=25.7x10°
1.19
-3
<1 pA = v, _ 10x10
R, +R  25k+R
Ri>7500 Q
From Eq. (1.27)
Av, R, .
= , Rp ranging from 2 kQ to 10 kQ
v, R +R,

6
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Av,

For <0.5%
VO
5 R,
= , Ro<10Q
1000 R +R,
Av= SV 500 or 53.98 dB
10 mV
From Eq. (1.23)
AVO AVO
500 = =
(1 + RS/Ri)(l +R,/R.) (1+2.5k/7.5k)(1+10/2000)
Avo = 669.8
1.20
From Eq. (1.23)
— Avo
(1+RS/R1‘)(1+R0/RL)

Variation in A, will be contributed by 4o, Rs, and Rr. Assume equal contribution by each.
Hence the value of R, that will keep the variation in gain within 0.5% for variation in Rp
from 5 kQ to 20 kQ can be found from

5k 20k

- x 0.995
5k+R, 20k+R,

Ro= 20K(-0995) o
4x0.995-1

1.21
(a) By Kirchoff’s current law at node A

R, R
A% M\
—> g I R,
@ Vii 1§ R
- Avo Vi

o = A
s=LtiE= —+—
R R+R,

1 1-4,

R, R+R,

v 1

R

i 1/Ri-'—(I_Avo)/(R+Ro)

7
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(b) ForRi=50k, Ro=75Q, Aw=2, R=10k
1

RX:
1/50k + (1—2)/(10 k + 75)
=~ 12.62kQ
= s = 20mVv —_18pA
R +R, 15kQ-12.62kQ
(¢) Foris=2.5pA, R+ Ry= -
lS
_20mV oo
—-2.5uA
Ri=-8k-15k=-95kQ
1.22
Ais= 200, Ri=150Q, R,=2.5kQ
RL=100Q, is=4 mA, R,=47kQ
(a) From Eq. (1.30)
e A _ 200
" (1+R/R)(1+R./R))  (1+150/47 k) (1+100/2500)

191.7

A= a4 L Z 19175 19 _ g 4078
R, 47k

Ap= Ay Ai=191.7 x 0.407 = 78.17
(b) Problem 1.22a Amplifier

VS 1 O AC 1MV
RS 1 2 47K
RI 3 0 150
Fl 0 4 VX 200
VX 2 3 ov
VY 4 5 DC 0OV
RO 4 0 2.5K
RL 4 0 100

TF V(s) VS
. END

8
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Problem 1.22b Amplifier

IS 0 1 AC 1MA
RS 1 0 47K
RI 2 0 150
Fl 0 3 VX 200
VX 1 2 DC ov
VY 3 5 DC 0V
RO 3 0 2.5K
RL 5 0 100
TF I(VY) IS
END
1.23
From Egs. (1.28) and (1.29)
i = Ais Ro . Rs g
" R,+R, R +R °
3 3
_ 10><223><10 ><10(l><10 < 50 x 103
22 x10° +150 10° +50
=496 A
1.24
— |
+
/S<T> Rs IV, R Aligi 4 Ro

open-circuit voltage

(a) Output resistance = —
short-circuit current

= L=IZOQ

100 x 1072

Ajs i; = short circuit current = 100 x 1073 A

R —6
o R 5x109x100k oo
R +R 50 +100 k
-3
AiS:MZZOXIOS
5x10
R

Av:_():Aile 2 i
Vs R0+RL lsRs

9
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120 2700

=100 x 1073 x x[]
12042700 5x10° x10°
= 22.98
3
(b) Ai= 2010 - 850.6

(1+50/100 k) (1+2.7 k/120)
() Ap=A, Ai=22.98 x 850.6

=19,547
1.25
Following Example 1.4 we have
0.99 R, _ Ry
R,+20 R, +500
R, (1-0.99)= 500 x 0.99 —20
Ro=47.5kQ
For R;
0.99 x 100k 10k
100k xR 10k + R,
Ri=111.23Q
-3
= 2210 200 A/
100 x 10~
1.26

Assume 4; varies equally due to contribution from 4;s Rs, and R,.

R R
©— =0.995, —>— =10.995

R, + R R, +100
Ro= 100 x 0.995 > 19.9kQ
1-0.995
Similarly
R 0.995, 100k _ 0.995
R+ R 100k + R,
Ri<503Q
Ai — AiS
(1+Ri/R) (R /R,)
A

(1+503/100k)(1+100/19.9 k)

Ais

Ais = 50

10
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1.27

RX%:

(a) R allows a voltage that is proportional to lead current i, to be fed back to the input side.
Converting current source to voltage source

—_— ii Ro
" N\
Ri Aisii Ro
+ _ +
is (T) ng Vi f) RL§ Vo
- - _
i_>
Re=—t
li
Applying KVL to loop II
Ais Ro i = Ro io = R(ii — ip) + RL i
= (Ro+ RL+ R) ir — Ri;
s By + R
= AIS—O i (1)
R, +R +R
Applying KVL to loop I
vi=Ri i + R(ii — io)
=(Ri+ R) ii— Ri, 2)
Substituting i, from Eq. (1) into Eq. (2) and simplifying
o By + R
vi=(Ri+R) ii—R-AIS—O ii
R, +R +R
Vi _ger-g ARtk
A R, +R +R
Vi (A15 + R/Ro)

~ 1+ (R.+R)/R,

11
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(b) Assume ideal current amplifier with R; = 0 and R, = oo, we have the reduced figure as

Rx=R —RA4is = R(1 — 4is)

For Ais > 1, Ry is negative, and if Ajs = 2
Rx=-R

For Ry =—10 kQ we need R = 10 kQ.

Thus an ideal current amplifier with 4;; = 2 and R = 10 kQ will simulate a negative resistance.

1.28
(a) Using the result of Problem 1.27 for 4is = 2 and substituting R by impedances Z(s)

, ~R(R+1/5C)
-R+R+1/sC
= —[R—sCR?—R] = sCR?

Zx = sL. where the effective inductance L. is given by CR?. Thus, the circuit simulates an
inductance.
(b) To simulate L. = 10 mH, let C =0.01 uF,

10 x 1003 = 0.01 x 10°%x R?
R*=10° R=1kQ

(c¢) Problem 1.28 Inductance Simulation

IS 0 4 AC 1MA
V1 4 1 DC ov
Fl 1 0 V1 2
R1 1 2 1K

R2 2 3 1K

Cl 3 0 0.01UF
V2 2 5 DC ov
R3 5 0 1K

F2 5 0 V2 2

. AC LIN 10 1K 10K
. PRINT AC VM (1)VP (1)
. END

12
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1.29

1
a Vo = — Gm1 Vi(s) - —
(@ 1 Vi(s) C
. vi(s)
li(S) =—Gm Vo(s) = Gmi Gm —=
sC
7= vi(s) _ SC
h (S) GmleZ
C
Zijo)=jw
(] ) g Gmle2
(b) Problem 1.29 Amplifier
VS 1 0 AC v
RS 1 2 100
Gl 0 2 30 3M
G2 3 0 20 3M
Cl 3 0 0.1UF
R1 3 0 100M
TRAN15US1.5 MS
PROBE
END
1.30
Assuming that the discharging time constant 7= CR; is related to the input frequency by
r=10/f,
CRi = 10 :
60 x 10
(a) LetC=0.1pF, then R;= 10
R ©0.1x107° x 60 x 10°
=1.67kQ

(b) Variation in G, according to Eq. (1.36), will be contributed by Gs and Ry.. Assume equal
contributions, Rs = 0. The gain parameter

i, 20cm 5mA
Gms: —_— = X
v 170V lIcm

N

0.588 mA/V + 1%

The value of R, that will keep gain variation within 1% for variation in Ry, from 20 Q to 500

Q can be found from

099 —fo K
R,+20 R, +500

Ro> 47.5kQ

13
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1.31

Re
N\

+

+
Assume 1% for Ry / v
and 1% for Ry S <> 'SR 1) Gmvi Ro R

& >.99, Ri(1-0.99)>0.99 R

R + R
For Rs =1 kQ,
R > 099 x1k ~ 99 kO
0.01
Similarly
Ro>19.8kQ
1.32
For Rm= 20 Q to 100 Q
099 _ 1
R, +20 R, +100
Ro=79kQ
— 1

For R varying from 2 kQ to 5 kQ

0.99 _ 1 , Ri(1-0.99)=5kx0.99 -2k
R +2k R +5k
Ri= 295 kQ
For vs= 10V, I, =100 mA
Gm_]_O_M—IOmAN
v v

Transconductance amplifier

14
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1.33
Using Eq. (1.41)

;- Zoo _ 0.5k
" (1+R,/R)(1+R/R) (1+4.7k/47k)(1+1.5k/10k)
= 217.39 V/A
From Eq. (1.42)
s Zoo RL _ 0.5x10° x 4.7 x10°
(R, +R) (R +R,)  (10x10° +1.5x10°) (4.7 x10° +4.7 x 10°)
= 21.739 x 103
R 10 x50x107° 500

S

'lS
R, + R, 10* +1.5%x10°  11.5x10°

ii=

From Eq. (1.39)

i. R . ¥
Vo= Zmo s Skox 500 3)>< 4ZX10 3
R +R, 11L5x10°  (4.7x10° +4.7x10° |
= 10.87V
io = Lﬁ”s —231x 107 A
4.7x10
-3
=t = 23X00 0 4
iy 50x10

1.34
Since the output variation should be kept within £2%, variation of effective transimpedance
Zm should be kept to £2%. According to Eq. (1.41) the variation in Z,, will be contributed by
Zmo and R,. Assume equal contribution to the variation.
Let Ri=10 Q. Then

o= 2V 201600 /A + 1%
2cm 100 mA
The value of R, that will keep gain variations within 1% for variation of Ry from 2 kQ to

10kQ is
099x10k 2k
10k+R,  2k+R,
b =25Q
Design specifications are Zm, = 1000 V/A, R, <250, and R; <10 Q.

135
Let R =10k <<R,
R 5
h= o= 1003 ysa s ma
R+R = 10°+10
R —099, Rix099+0.99R=R,
R+R

15
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_ R.(1-0.99) _ 100k x 0.01

Ri
0.99 0.99
=101 kQ
—fn 090, = Fn (2099
R +R, 0.99
_ 20kx001
0.99
Zno = 5 = % =11 V/Ai 1%
i 454-5x10
1.36
Rs Rs
N\ N\

+ + +
Vs @ R § T AvoVi RL§ Yo

Voltage amplifier

For ideal voltage amplifier
Ro=0andRi=o0

Vo= Avo i (D
For ideal current amplifier
Ro = 00, Ri =0
io= Ais i 2
R Vo = Avo Vi = io Ro = Ais is Ro = Ais ii Ro
Using vi= L R
Avo ii Ri = Ais i Ro
A= Ay o 3
R,

For ideal transconductance amplifier
io= Gmsvs forRoy=0o0, Ri=
Vo = Avo Vi = io Ro = Gms Vi Ro

. Avo= Gms Ro (4)
For ideal transimpedance amplifier
Ri=0, R,=0

i’

VOZZmois:Zm i

0

%
— — (3]
Vo= Avo Vi = Zmo —

Ay = Zmo (5)

16

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Full file at https://testbanku.eu/Sol ution-Manual -for-Microel ectroni c-Circuits-3rd-Edition-by-Rashi


https://testbanku.eu/Solution-Manual-for-Microelectronic-Circuits-3rd-Edition-by-Rashi
https://testbanku.eu/Solution-Manual-for-Microelectronic-Circuits-3rd-Edition-by-Rashi

R
USlng AV() AlS EO
3
A= A 22250 2210 15 500 /A
R, 110
A
Avo = Gms Ro, Gms = Yo = ﬂ
R, 1000
=0.25A/V
Zmo= A, R =250 x50 x 103
=12.5MQ

Equivalent amplifiers are:

i (D Rs§ R, § Ais i §Ro § R

Equivalent current amplifier

Equivalent transconductance amplifier

Ro

+ +
Is @ ng Ri § vi Zimo i RL§ Vo

Equivalent transimpedance amplifier

1.37

lo
+ +

VS_@ Vi_§ R Gmsvid{1) R, § voi § R

Transconductance amplifier

Gus = 20 mA/V

17
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AV0: GmsRQ:20X 10_3X2>< 103:40\//\/

40 %100 x 10°
2x10°

R
or Ais= Avo * -
Ro

=40 x 50=2000 A/A
Zmo= Avo " Ri=40 x 100 x 103

=4 MQ
Equivalent circuits
Rs Ro
MW\
+ + +

Vs () R § vi Gyo Vi RL

Voltage amplifier

.i > io

iS<T ng Ri;; D Agi §Ro RI; Vo

Transimpedance amplifier

1.38
(a) From Eq. (1.21)

e A4 R, ~ 50x2.5x%x10°
vl — Av2 — Avo -
R,+R;  25x10°+100
=48

From Eq. (1.45), the overall open-circuit voltage gain

V.
Avo = 7(? =Av - Av - Ay

1

=48 x 48 x 50=115,200 or 101.22dB

18
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Total effective voltage gain using Eq. (1.23)
|4 A RR

Av: To _ VO~ 1
o (R/R)(R/R,)
_ 115200x2.5x10° x 2.5 x 10
(2.5x10% +200 x10%)(2.5 x 10 +100)

= 1367.5 or 62dB

Overall current gain

i, _ ARy _ 115200 x 2500

A= 2 =
i R +R., 2500 +100
= 110,769 or 100.9 dB
P
A,= FL =Ay- Ai=1367.5 x 110769

= 1.5%x10% or 81.7dB

(b) Problem 1.38 Cascaded Amplifier

S 1 0 AC 100 MV
RS 1 2 200K
RI1 2 0 2.5K
E1l 3 0 4 50
RO1 3 4 100
RI2 4 0 2.5K
E2 5 0 40 50
RO2 5 6 100
RI3 6 0 2.5K
E3 7 0 60 50
RO3 7 8 100
RL 8 0 2.5K
TF V(8) VS
. END

1.39
(a) Using Eq. (1.21), 4, of stage 1 and 2 is given by
A, Ry 80 x 2500

Av = An = =
R,+R,  2500+100

=769
From Eq. (1.45), the overall open-circuit voltage gain
Avo= Ay - Ava - Avos = 76.9%> x 80 = 473,088 or 113.5dB
From Eq. (1.23)
A= A, R R _ 473,088 x 2500 x 1500

(R +R)(R.+R,) (2500 +200x10°) (1.5 x 10° +300)
= 4867 or 73.7dB

19

© 2017 Cengage Learning®. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.

Full file at https://testbanku.eu/Sol ution-Manual -for-Microel ectroni c-Circuits-3rd-Edition-by-Rashi


https://testbanku.eu/Solution-Manual-for-Microelectronic-Circuits-3rd-Edition-by-Rashi
https://testbanku.eu/Solution-Manual-for-Microelectronic-Circuits-3rd-Edition-by-Rashi

Ay R _ 473,088 x 2500
R +Ry;  1.5x10° +300

Ap= Ay Ai=4867 x 657,066.7=3.19 x 10° or 95 dB
(b) Problem 1.39 Cascaded Amplifier

=657,066.7 or 116.6 dB

i

VS 1 0 ACl00MV
RS 1 2 200K
RI1 2 0 2.5K
El 3 0 2 0 80
RO1 3 4 100
RIZ2 4 0 2.5K
E2 5 0 4 0 80
RO2 5 6 100
RI3 6 0 2.5K
E3 7 0 6080
RO3 7 8 300
RL 8 0 1.5K
TF V(8) VS

. END

1.40

(a) iy = AisS ii3 R03 — Ais3 Ro3 AisZ ii2 RoZ

Rys + Ry, Ry +R, Ry, +Ry

_ Ais3 AisZ R03R02 . AisliilRol
(Ry3 + R) (Ryy +R;3) (R, +Ryy)
_ Ais3 AisZ Aisl R03R02 Rol . Rs ii
(Ry3 + RL)(Ryy +R3)(Ry +Ry) R +R,
AisS Ais2 Aisl R03R02 Rol . Rs
(Ro3 + Ry )(Ryy + Ri3)(Ryy + Ry) (R +Ry)

100°(4.7 x10*)® x 20 x 10
(4700 +100) (4700 +100) (4700 + 100)(20 x 10> + 100)

Ai

Lo
LS

934,122 or 119.4dB

V. I, R o
Ay= -2 = °—L on substitution for 4, from above
Ve o Ry

Ay = Ais3 AisZ Aisl R03 R02 Rol RL
(Rys + RL) (Ryy + Ri3) (Ry + Ry Ry
10° x 10° x 4.7° x 10?
48% x 10° x 10?

= 42,4985 or 92.56 dB
Ap= Ay Ai=42,498.5 x 934,122 =3.97 x 1010 or 105 dB

20
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(b) Problem 1.40 Cascaded Current Amplifier

IS 1 0 AC 100MA
RS 1 0 20K
V1 1 2 DC OV
RI1 2 0 100
Fl 0 3 V1100
ROL 3 0 4.7K
V2 3 4 DC OV
RIZ 4 0 100
RO2 5 0 4.7K
V3 5 6 DC OV
RI3 6 0 100
F3 7 0 V3100
RO3 7 0 4.7K
VX 7 8 DC 0V
RL 8§ 0 100
TF I (VX)IS
END
1.41
(a) 5, = G Vi Ry _ G Roo _Zmo i Rpy
Ry + Ry Ry + Ry R + Ry
gim o _ —20x510*3§105 X10“+1066 1o
i 10° +10 200 +10
g Vo _ri R 198x10° o

Vi iRy 50 x 103
Ap= Ai Av=—-198 x —3.96 =784
(b) Problem 1.41 Transconductance Amplifier

VS 1 0 AC10MV
RS 1 2 5K
VX 2 3 DC 0V
RI1 3 0 50K
H1 4 0 VX 10K
RO1 4 5 200
RI2 5 0 1MEG
Gl 6 0 5 0 20M
RO2 6 0 100K
RL 6 0 1K

TF V(6) VS

END
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1.42
From Eq. (1.54d)
1 1

f, = = =10.8 KHz
27RC, 27 x147TKQx0.1nF
1.43
From Eq. (1.54d)
1
Ji= 27R,C,
1 1
R = = : —=3.979KQ
2 f,C, 27x4x10°x0.01x10
1.44
From Eq. (1.59d)
1
= =10.8 KHz
Ju 27 x147x10° x0.1x107°
1.45
From Eq. (1.59d)
1
S = 27R,C,
1 1
R, = = . —=636.6KQ
27 f,C, 27 x25x10"x 0.01x10
1.46
4
Aj@) = goo _ 2x10
1+ jw/100 100+ jo
, 210*
[Avjo) | = ———
o +10
4
(a) 100= —21% = Hixio?
®> +10°
= 173.2 rad/s
fu= 1732 _ 5756 Hz=BW
27
4
(b) s0= — 2210 e 10%= 16 x 104
»’ +10°

on = 387.29 rad/s

387.29
27

=61.64 Hz=BW

Su=

22
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1.47

«—
0}
3
@
=
A%
®
9]
)|
Al
By
=
A\
S+

1
(a) Vo= — G Vi [Ro ||E||RL)
=-20x 103w [980||ij ()
sC
5x10°
vi= 2= =099 v, then
505 x 10

1
Vo= —20x 1073 x (0.99 vs) x (980 ||—j
sC

L — —20x10°x099x980 _ —19.404
' 1+980 jowC 1+ jw980 x 0.1x107°
Av(mid): 19.404
10°
on= ——— = 10,204
980 x 0.1
fu= 10204 _ 1624 1z
2z
Sow = Aumia) X fu=19.404 x 1624 = 31,512
(b) RL=10kQ, Ro|[RL=10k|50k=283330Q
4 — —20x107x0.99x8333 _ 165
Y 1+ jw8333x0.1x10° 1+ jo x833.3x107°
10°
on= ——, fu=190Hz
s335° "

Jow= 165 x 190 =31,350

1.48
1 —Vi€m R
Vo= — Zm Vi [RL” j = L
sCy. 1+sR C,
—Vim
— ém 1
Co(s+URG) @
VR, v, Ris

@

V=

R+ R +1/sC, (R +R)[s +G (R, +R)]

23
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From (1) and (2)

Vo= — Vs &m Ris
° Gy(R +R)(s +1/R.C,)[s +1/Ci(R, +R))]
1 1
oH = = =107 rad/s
RC, 10x10°x10x10""2
;
or fu= 107 _ 1.59 MHz
27
1 1 100
oL = = — = — rad/s
C(R,+R) 20x107°x1500 3
100
= =53H
S 3x27 z
For Ay(mid)
Rs
NN

Vs () R, § v il igm v § Ro

Vo= — gmvi Ry = Snfi Ro
R+ R
_ —15x107 x10°x10°
1500
Problem 1.48
VS 1 0 AC 10Mv
RS 1 2 500
c1 2 3 20UF
RI 3 0 1K
Gl 4 0 3 0 15M
RL 4 0 10K
c2 4 0  10PF
. AC DEC 100 1 10 MEG
. PRINT AC  VM(4)
. PROBE
. END
24
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1.49

Low-frequency equivalent circuit
Vo= —gmVi(Ro|| RL) =—15x 103 x5x 103 v;

=—75w (i)
_ R v __ RsGy
TR IR AUSC, 1+ (R +R)SC
_ % s25x10°x10x10° v 5025 i
1+5(25x10° +1x10°)10x107°% 1426 x107%s
From (i) and (ii)
oo 15X 0.2552 (i)
1+26x1072s
1
fi= e 0 =0.612 Hz

For high-frequency equivalent circuit

|

+
Vs @ R; gvi —= G 1) gm Vi §Ro = Co RL§ Vo

\Z

=}

1
=—gnVi| R || R || —
o (R 11 )

5x10%,

=—-15x103 3 B
1+45x10° x10x 10" “s

=75v,
1+5%x107%s
(Rl ||1/SC1)VS
R+ R ||1/sC;
_ R; v
" R +R +sRRC,

V=

25 %107y,
25x10° +10° +5 x 25 x10° x10°> x 20 x 1072

25
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_ 25 v, _ 25 v,

26+5500%107°  26+sx5%x1077

v, ~75 25
Av(s): - = g X —7
ve  (14+5x107%s) 26+5x10"'s
_ ~75%25
26(1+5x107 %) (1+5x10775/26)
1
= —  _ =3.18MHz
Ji 27 x5%x1078
—75%25
Aymia) = ———=2 =—72.1
(mid) 26
Problem 1.49
VS 1 0 AC 10MV
RS 1 2 1K
c1 2 3 10UF
RI 30 25K
Gl 4 0 3 0 15M
RL 4 0 10K
RO 4 0 10K
co 4 0 10PF
. AC DEC 100 1 10MEG
PRINT AC VM (4)
. PROBE
. END
1.50
R
Ro= Y=Y _joxn A
I, 100 pA
.
10k x 4 400V (* RnS 1V
10kx400 _ )y Ry = 10k (400 — 1) = 3990 kO 6 :
R, +10k
Take R = 4 MQ + 1%.
1.51
R1
r="Y_-120
5A .
24V Ru
L2x24 _ oy p_12x24 0 R
R, +12

Take Ry = 3.6 QQ + 5%.

26
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1.52

2 2 R4
oY 0w AMA
R, R .
2 120 V i) R 50V
Ry = & =41.667 Q2 B
60

R, x120 _
R +R

50V

41.667 x120

0 = R1+41.667, R =58334Q

Take R = 62 Q + 5%.

1.53
I,=1mA R
A
,
lZ:—S —~t/T
(=% e
Ve =24V c==
Vo Z 28 A R=24k0 % 5% T
R R
1.54
V. 4
4, =20~ 20 _g 9600
v s

27
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