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Chapter 1

11
n = BT3/ze—Eg/ZkT
(a) Silicon

H n= (5'23X1015)(250)3/2 exp{z(%xl_(;_.:)(zso)]

= 2.067x10" exp[-25.58]
=1.61x10% cm™

Gi) n, :(5.23><1015)(350)3/2 eXp[2(86x1_(;.61)(350)}

=3.425%10" exp[-18.27]
=3.97x10" cm™

>

(b) GaAs

| o v 1.4

=(8.301x10" )exp[-32.56]

n =6.02x10° cm™
(i) =(2.10x10")(350)"" exp 14
2(86x10)(350)
=(1.375x10" Jexp[-23.26]
n =1.09x10* cm™
12
a. n =BT % exp ]
2kT
12 153/2 _11
10 =5.23x10°T*? exp| =—————
2(86x107°)(T)
3
1.91x107 =732 exp[—wj
=
By trial and error, T ~ 368 K
b. n =10 cm”
9 153/2 -1.1
10° =5.23%x10° T2 exp| ———————
2(86x10°)(T)
3
1.91x107 =T*2 exp(—@]

By trial and error, T ~268° K




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 1
Problem Solutions

1.3
Silicon

@ n=(523x10")(100)" ex [

1.1
2(86x106)(100)}
=(5.23%10" )exp[-63.95]
n =8.79x107"" em™

-1.1
(b) 0 =(5.23x10")(300)"" ex [ (86x106)(300)]
=(2.718x10" )exp[-21.32]
n =1.5x10" cm™
(© n=(523x107)(500)"" exp -1
2(86x107)(500)
=(5.847x10" )exp[-12.79]
n =1.63x10" cm™
Germanium.

~0.66
6x107)(100)

(@ 0 =(1.66x10")(100)"" ex [2(8

n =359cm™

] =(1.66x10" Jexp[-38.37]

b) n =(1.66x10")(300)"e —0.66 =(8.626x10" -12.79
) n ( - )( ) 2(86x10’6)(300) ( * )eXp[ J
n =2.40x10" cm™
n =(1.66x10")(500)" e —0.66 =(1.856x10" ~7.674
© = (1.66x10%)(500) 2(86x10'6)(500) (1:856x10" Jexp ]
n =8.62x10" cm™
1.4

(a) n-type; n, =10" cm S

(b) n-type; n, =10 cm~; 0"

0

13

s, _[24x10 _576><10” 5
10

_ L5x10 —225><105 cm ™
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1.5
2 6\
(@) p-type; p, =10 ecm; n, LU 1'8;(){? =324x10"* cm ™
P,
2 13
b) p-type; p, =10 cm; n _ M _R4xIo =5.76x10" cm™
p yp 0] 0 p 1016
0
1.6
(a) n-type
(®) n, =N, =5x10" cm™
> (1.5%10°)
D, _m_(15x10") —45x10° cm™

n, 5%10'
(¢ n,=N,=5x10" cm™

From Problem 1.1(a)(ii) n, =3.97x10" ¢m™

(3.97><10”)2 o
DD=W=3.15><10 cm”
X
1.7
2 102
(@) ptype; Py =5x10" em 5 n, =2 = 1'§X11816 =4.5x10° em
P, X
n? , 6f
(b) p-type; P, =5x10° em~”; n, =—-= 158X11(§)16 =6.48x10° cm
Po X
1.8

(a) Add boron atoms

(b) N, =p,=2x10"7 ¢cm™
2 10

©) nozn—‘zmzl.qulN cm™

P, 2x10"

19
(@ n,=5x10" cm™
e (1.5x10°) R
n, 5x10"
(b) n,>p, =n-type
() n,=N,=5x10"cm™

P, =

p, =4.5x10* cm™
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1.10
a. Add Donors

N, =7x10" cm™
b.  Want p, =10° cm™ =n’ /N,
So 1 =(10°)(7x10"*) =7x10"

=BT? exp (ﬂj
kT

21 _ 15273 ;1
7x10% =(5.23x10°) T eXp((%xlOﬁ)(T)J

By trial and error, T ~324° K

111
@ |=AcE=(10")1.5)10)=1=0.15 mA
-3
W 1=AE g te 2107 H04) oy
P A 2x10
1.12
J —aE:>a=i=@:667(§2—cm)1
E 18
oc=zeu N, =N, = - (6:67) =3.33x10"° cm ™

e,  (1.6x10"°)1250)

1.13
1 1

=7.69%x10" cm™

(@ p= =Ny = =

® J=EoE=p1= (0.65)160) =104 V/em
o)

eu N, e, o (1.6x107")1250)0.65)

1.14
o 1.5

a) o=zeuy Ny, =N, =—= =9.375x10"” cm
(@) e = e e T 6x10 1000)

® N, = o _ 0.8

=1.25x10" cm™
eu, (1.6x107)400) S

1.15
(a) For n-type, o =eu N, = (1.6><10’19 )(8500) N,

For 10" <N, <10” cm™ = 1.36 < 5 <1.36x10* (Q-cm)”

(b) I =0E=0(0.1)=0.136<J <1.36x10° A/cm’
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1.16
D, =(0.026)1250)=32.5 em*/s; D, =(0.026)450)=11.7 em*/s

16 1012
3, =eD, M (1ox10Y32.5) 110 |5y avem?
i 0-0.001

121016
3, =D, P — (ex10) 117 10 1872 Adem?
dx 0-0.001

Total diffusion current density
J=-52-18.72=-70.7 AJem”

1.17
dp
‘]p :_EDp&
-1 —X
=-eD_(10") — —
p< )[LpJexp[LpJ
(16x107°)(15)(10%) [ _x
P 4 exXpl —
10x10 L,
—-x/Ly
J,=24e
(a) x=0 J, =24 Alem®
(b) x=10 um J,=24¢"=0883 A/em’
(¢) x=30um J,=24¢e7=0.119 A/em’
1.18
a.  N,=10" ecm” = p,=10" cm™
2
2 (1.8x10°
n, =n—'=#: n,=3.24x10" cm™
P 10

b.  n=n,+6n=3.24x10"+10" =>n=10" cm
p=p,+5p=10"+10" = p=1.01x10" cm™

2
i

15 15
@) () Vbi=(0.026)ln{5><10 >x10 }:0.661V

(Lsx10" )

17 15
(ii) Vbi:(0.026)ln[5><10 10 }0.739\/

(1.5x10" )

18 18
(iii) Vbi:(0.026)ln[ 107 NO }:0.937\/

(1L5x10" )

119 V,, =V, 1n[NaNdJ
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!5><1015 !SXIO]5 '

(b) (i) V, = (0.026)1{ } =113V

(1.8x10°)
17 15
i) V= (0.026)n] XNy 5yy
(1.8x10°)
18 18
(i)  V, =(0.026)In 10 J10 =141V
(1.8x10°)
1.20
Vi =V, h{Na'z\'d]
nl
or
2 V.. ) § :
N, = (n' )exp 2= (l 5X1160) exp(0712):1.76><10“’ cm”
N, T\ 10 0.026
1.21

N_(10'
v, =V, h{ Nasz j:(o.om)h{gl
n

i (1.5x10")

For N, =10" cm™, V,; =0.637 V
For N, =10™ cm™, V, =0.817 V

ViV A

0817 —

0.637

T l l l

1015 1016 1017 1018 N (cm~3)

1.22
KT = (0.026)(Lj
300

kT (M)
200 0.01733 2828.4
250 0.02167 3952.8
300 0.026 5196.2
350 0.03033 6547.9
400 0.03467 8000.0
450 0.0390 9545.9

500 0.04333 11,180.3
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n =(2.1x10”)(T3/2)e"p[2(

N,N
v, :VTln( anJ
n

-14

86x10°°)(T)

T N; Vi
200 1.256 1.405
250 6.02x10° 1.389
300 1.80x 10° 1.370
350 1.09x 10° 1.349
400 244 x10° 1.327
450  2.80 x 10" 1.302
500 2.00x 10" 1.277
VitV 4
1.45

250 300

350 400 450

1.23
v -1/2
C, :Cjo[l+—Rj
Vbi
(1.5x10")(4x10")
Vy =(0.026)1In (L5107 =0.684 V
1 -1/2
@ C, :(0.4)(1+ 5 684) =0.255 pF
3 -1/2
b) C :(0.4)[1+ 5 684) =0.172 pF
5 -1/2
© C, :(o.4)(1+ . 684) =0.139 pF
1.24
V -1/2
@ C;=C, (1+V—:J

-1/2
ForVg=5V, C, = (0'02)(“&) =0.00743 pF

-112
ForVR =15V, C, :(0.02)[14—0—8} =0.0118 pF

1.5
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Cj(avg):M;O'Ollg:O.OO%Z DF

Ve (t) = v ( final )+ (v, (initial ) - v, ( final))e™'®
where

7=RC =RC, (avg) = (47x10")(0.00962x10™?)
or

r=452x10""s
Then v, (t)=1.5=0+(5-0)e™"'"

i:e”'/r =t = z’ln(ij

1.5 1.5

t, =544x10" s
(b) ForVg=0V, Cj=Cj,=0.02 pF

-1/2

ForVg =35V, C, = (0.02)(1+£J = 0.00863 pF

C,(avg) = 0.02+(2).00863 ~0.0143 pF

r=RC,(avg)=6.72x10"" s
Ve (t) = Ve (final)+ (v, (initial) - v, ( final))e ™"
3.5=5+(0-3)e"" =5(1-e"")

so that t, =8.09x107"" s

1.25
Vo) (5x10%)10")
,=C jo[n—RJ 5 V, =(0.026)In -
bi (1.5>< 1010)
For Vp =1V,
c =20 0301 pF
1
I+
0.739
For Vp; =3V,
c, =20 0267 pF
3
1+
0.739
ForVp =5V,
C =20 0215 pF
5
1+
0.739
1 1
(a)

f = =
"2zl 2z fllsx107)0.391x10°7)

I
b) f,=
® 27(1.5x107 0.267x102)

} =0.739 V

= f, =6.57 MHz

= f, =7.95MHz
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) f,= ! = f, =8.86 MHz

" 2 Jll5x107)0.215%1072)

1.26

a. I =1 {exp[v—"j—l}—o.%:exp[v—[’j—l
V; V;

V,
exp(V—Dj =1-0.90=0.10

T

Vp =V, In(0.10) =V, = —-0.0599 V

b.
|1 & _ 0.026
| s v, (—o.zj
Ve |_ -1
{exp(VT 1 exp 0.026
_|2190
-1
'—F=219o
IR
1.27 IDzl{exp(\\i—Dj—l:l
T
0.3
a) ( I, =10"")ex =1.03uA
@ () o =(10™") p(o'o%j p
0.5
i I, =10 Jex =225 mA
(@) ° ( ) p(0.026j
0.7
iii I, =10 Jex =493 A
(i) b ( ) p(0.026j
. -0.02
iv I, =(10o™ —1[=-537x10"% A
o= {eXp[oozéj }
-0.20
I, =0™" “1|=z-10"" A
® o= {exr{ 0.026] }
i) Iy =—0"") A
0.3
b) (i I, =107 Jex =0.0103uA
®) () o =(10") p(o‘mj u
0.5
ii I, =(107")e =25uA
(ii) o= )Xp(o.o.%j u

=493 mA

(ii1)

=
I
_—
<
b
A
=
S
7N
=
o2
2|~
(o))
N—
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v) 1= (10_13{exp(%j—1} = 537107 A
v) I, =-10" A
(vi) I, =-10" A
1.28 Vp =V, h{'—Dj
IS
-6
(@) (i) Vp =(0.026)In %J =0359 V
-6
Vp, =(0.026)In %J =0.419 V
3
V;, =(0.026)In 11(())7“ ] =0479 V

\Y;
ii) =5x10™ =107"| ex D
(i) Pl 0.026

(b) (i) Vp =(0.026)In TRE

Vp, =(0.026)In o

107

107

Vg =(0.026)In

(i) —10™ =107" exp(

10x107°

100x107°

Vo

0.026

j_l}:VD = -0.018 V
j:o.479 v

J =0539 V

] =0.599 V

j_l} =V, =-0.00274 V

1.29

(@ 107 =1, exp(%)

I =2.03x10™"° A

(b)
Vo Io(A)(n=1) Ip (A)(n=2)
0.1 9.50x10 7 1.39x107"
0.2 445%x107" 9.50x10 7"
0.3 2.08x107"° 6.50x107"
0.4 9.75x10~° 445%x107"
0.5 4.56x107 3.04x10™"
0.6 2.14x10°° 2.08x107"°
0.7 107 1.42x107°
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1.30
(a)
I, =10"A

Vo(v) Io(A) logolp
0.10 4.68x10™" -10.3

0.20 2.19%10~° —8.66

0.30 1.03x1077 —-6.99

0.40 4.80x10°° -5.32

0.50 2.25%107 -3.65

0.60 1.05x1072 -1.98

0.70 4.93%x107" -0.307

(b)
s =10"A

Vp(v) Io(A) logiolp
0.10 4.68x107" -12.3

0.20 2.19%10™" —-10.66
0.30 1.03x107° -8.99

0.40 4.80%x10°° -7.32

0.50 2.25%107° -5.65

0.60 1.05x107* -3.98

0.70 4.93%x10° -2.31

131

oo o exp [—VDZV_VDI J

IDl T

AVp =V; In(10) = AV, =59.9 mV » 60 mV
b. AV, =V; In(100)= AV, =119.7 mV ~ 120 mV

1.32
(@ (i) Vp =(0.026)1n( 2 9)=0.539 \%

2x10

20
ii) Vp =10.026)In| =0.599 vV
(i) Vo =( )[ZMOJ

®) () 1o =(2x107)e

>

o 22 1= 960 ma
0.026

0.65
0.026

(i) 1, = (2><10'9)exp( J: 144 A
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1.33

-3
Vg =V, In| 12| = (0.026)In &Oﬂ ~0.6347 V
I, 5x10

2x107
Vy = (0.026)1n[5>< —

j:O.SISO v

0.5150<V, <£0.6347 V

1.34
0.30

a) 1.5x107° =lgexp| —— |= |, =1.46x10™° A
(a) s p(0.026] s

0.35
b i) 1. =1.462x107% =1, =10.3 mA
® () Iy =(1.462x )e"p(o.on 5

0.25
0.026

(i) 1, :(1.462><10'8)exp( j:> I, =0219 mA

1.35
0.8
a) |, =107 )ex =231 nA
@ 1o ( ) p[o.on
1.0
I, =({1072 Jex =505uA
° ( ) p(0.026j "
12
I, =(107%)ex =11.1 mA
° ( ) p[o.oze
Iy = (102 exp 0021 41 537610 A
0.026

For Vo =—-020 V, I, =-107 A
ForVp=-2V, I, =-107 A
(b)

I :(5><10'24)exp[ 1‘26j:> 0.554 mA

Iy =(5x10% exp[—'z)—l}=—2.68x10‘24 A

For Vp, =—0.20 V, 1, =-5x107* A
For Vo ==2V, l,=-5x10"* A
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1.36
Is doubles for every 5C increase in temperature.

I =10 A at T = 300K
For I, =0.5x10"7 A = T=295K
For 1; =50x10"" A, (2)"=50=n=5.64

Where n equals number of 5C increases.
Then AT = (5.64)(5) =282K

So 295<T <3282 K

1.37
IS (T) — 2AT/5
I (-55)
1100) e
I (-55)
V; @100°C = 373°K =V, =0.03220
V; @—-55°C = 216°K =V, =0.01865

exp( 0.6 )
15000) _ 5 147,10°) 0.0322

I, (=55) exp( 0.6 j
0.01865

B (2.147x109)(1.237><108)
(9.374x10")

, AT =155°C

=2.147x10°

I, (100)
I, (=55)

=2.83x10’

1.38
(@) Vps =IpR+V,

2.8= |D(106)+VD; ID = (5><10_”)6Xp(0\3326j

By trial and error,
Vp=0282V, I;=252uA

(b)
I, =-5x10"" A, V, =28V
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1.39

10=1,(2x10)+V, and V, :(0.026)1n[1(|)D12J

Trial and error.

Vo(v) Io(A) Vo(v)
0.50 4.75%x107* 0.5194
0.517 4.7415%10™ 0.5194
0.5194 4.740x107 0.5194

Vp =0.5194 V

I, =0.4740 mA
1.40

I, =5x10" A

R, =50K
AVAYAY

}.
LD i— re1=3m<§ l vV

Ry =R, || Ry =1875K

=
=
4+
|
ll
I
<
| <+

R 30
Vo, = 2 1.2)=|—1((1.2)=045V
™ (R1+R2j( ) (80)( )
I
045=1,Ry, +Vy, Vo=V, ln(l—D]
S
By trial and error:
I, =2.56 uA, V,=0402V
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141
(@) lp =1lp, =1 mA

-3
@) Vg, =Vp, = (0.026)11{11(?—13J =0.599 V
3 107
(ii) Vo, = (0.026)In prrenl ROV

107
V., =(0.026)In| ——— |=0.557 V
02 = ) (5x10‘3j

(b) Voir =V,

Ip; +1p, =1.115, =1 mA
So 1y, =0.909 mA, I, =0.0909 mA
Now
0.0909x10°
V,, =(0.026)In| ——————— [=0.554 V
D1 ( ) 1’1( SX 10_14 ]
0.909x107

Vo, = (0.026)ln( 10

j =055V

1.42
0.635

1. =(6x107"")exp| ——= | = 2.426 mA
@ To: = ) Xp(o.ozéj

085535 ma

IR
I = lp, =2.426+0.635 = 3.061 mA
3.061x107°
Vo, =Vp, =(0.026)In| Z————— = 0.641 V
D1 D2 ( ) ( 6)(10714 J
V, =2(0.641)+0.635=1.917 V
(b) 1p; =2.426 mA

lq = 0635 _ 127 ma
0.5
Iy =lp, =2.426+1.27 =3.696 mA
3.696x107
Vg, =Vp, = (0.026)1n(Wj =0.6459 V

V, =2(0.6459)+0.635=1.927 V
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1.43
(a) Assume diode is conducting.
Then, V, =V, =0.7V

So that 1, :(;—33 233 uA

1.2-0.7
Iy =————=50 uA
RI 10 H
Then I, =1, — 15, =50-23.3
Or I, =26.7 uA
(b) Let R, =50 kQ Diode is cutoft.
30

~30+50
Since V, <V, 1,=0

((1.2)=045V

D

1.44
+5V

3k!!§ zik(l

Vyp =

v;’l r

Zk!lg %2[&!1

At node Vj:
-V V
(1) S_A =

I, +—
2 ° 2
Atnode Vy =V, -V,
5_(VA_Vr)+I ~(Va-V)
b=
2 2
5—(VA—V,)+ 5-Va Va|_Va-V,
3 2 2 2
Multiply by 6:
10-2(V, =V, )+15-6V, =3(V,-V,)
2542V, +3V, =11V,
(a V,=06V
1V, =25+5(0.6) =28 =V, =2.545V

@)

So
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-V
From (1) I, _37Va

\
—?A:2.5—VA:> I, Neg. =1, =0
Both (a), (b) 1, =0

Va=25,V, =§~5:2V3VD =050V

1.45
(@) Vo=1,(1); 15 =0;for 0<1,<0.7 mA
Vo =07 V; Iy =(1,-0.7) mA; for I, >0.7 mA

(b) Vo=1,(1); 1, =0; for 0<1, <1.7 mA
Vo =17 V; 1y =(1, =1.7) mA; for I, >1.7 mA

() Vo=07V; Iy =1;51p,=0; for 0<1; <2 mA

1.46
Minimum diode current for Vps (min)
Ip(min)=2mA, V,=07V

| _07 | _3-07_43
’ RZ ’ ] Rl Rl
Wehave |, =1,+1,
so(1)£=£+2
R, R

1 2

Maximum diode current for Vps (max)
P=1IV, 10= ID(O.7):> I, =143 mA
IL=1,+1;

or

@ 227,143

1 2

Using Eq. (1), ? = %—u 143= R =041kQ

1 1

Then R, =82.5Q2 82.5Q

1.47
(@ (i) | =%=0.215 mA, Vo =07V
(i) | = 5206 _ 220 mA, V,=0.6V
) @) | _5-07-(5) 0.2325 mA, V, =(0.2325)20)-5=-0.35 V
(iii) | = 5-06-(5)_ 0.235 mA, Vg =(0.235)20)-5=-0.30 V

40
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(© 1=

Ls_(_g) =0.372 mA, Vo =2-(0.372)5)=0.14 V

., 2-06—-(-8)
(i1) I——2
(d () 1=0, Vog=-5V

(i) 1=0,Vy==5 V

=0.376 mA, V, =2-(0.376)5)=0.12 V

1.48
5-V, %
a) 1=—-2 1=(5x10")ex D.
@ 20 ( ) p(0.026j
By trial and error, V, =V, =0.5775 V, | =0.221 mA
(b) I= 10=Vy | V, =5-1(20)-V,
| =0.2355 mA, Vg =0.579 V, V, =—-0.289
10-V
¢) 1= B Vy,=2-1(5
©) 5 Vo (5)
| =0.3763 mA, V, =0.5913 V, V, =0.1185
(d 1=-5x101" A, Vo =-5V
1.49

(a) Diode forward biased Vp =0.7 V
5=(04)(4.7+07+V=>V =242V

(b) P=1-V,=(0.4)0.7)= P =028 mo

1.50

@ ly=1, =$=O.65mA= I,

Iy, =2(0.65) =1.30 mA
V, -2V, -V, 5-3(0.65)

®) gy :O'T“=O.65mA

=130=>R =235K

1 1

I, :—8‘3(20'65) = I, =3.025 mA
Iy, = o, — 1y =3.025-0.65
Iy, =2.375 mA

151
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: :I\’_T:M:O.ozékgzzm
DQ

iy =0.051,, =50 #A peak-to-peak
v, =iy7y =(26)(50) A = v, =1.30 mV peak-to-peak

b.  For I, =0.1mA =z, = 2600

~(0.026)
0.

iy =0.0515, =5 puA peak-to-peak
v, =iz, =(260)(5) 4V =V, =1.30 mV peak-to-peak

152
(@ = 20026140
g 0026
0,026

b) I, =—— =100Q
®) Ty 0.26

0.026
rh=——=10Q
© 1y 26

1.53

a.  diode resistance r; =V;/I

S R P 2R
ol +R )|V s

TT+ R,
v, = Ve Vv, =V,
V. + IR,
b. R, =260Q
|=1mA,V—0=( Vi j: 0.026 Vo _ 0909
V. \V. IR, ) 0.026+(1)(0.26) v
| =0.1mA, Yo— 0.026 =Y _050
v, 0.026+(0.1)(026) v,
=001 mA. 2o 0.026 =Y _0.909

Vv, 0.026+(0.01)(026) v
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1.54

pn junction diode

-3
0.72x10 J:O.548 v

Vg = (o.o%)m(w

Schottky diode

-3
Vy, = (0.026)In % =0.249 V
5x10

1.55

Schottky

C

1
' E ;
1 pn junction
I
! ]
]
I

T

V,
Schottky: | = I exp (V—aJ

-3
V, =V, In L (0.026)1In %
I 5x10
=0.1796 V
Then
V, of pn junction = 0.1796+0.30
=0.4796
| | ~0.5x107
s V) e (0.4796]
Py, 0.026
I, =4.87x107"" A
1.56
(a) _
D
‘;I
0.5 mA —_—
I,
—DF
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I, +1,=05x10"

\% Vv
5x10% exp | 2 [+107"7 exp | 2 [=0.5x10""
V. V.

T T

5.0001x107* exp [Y/—DJ =0.5x10"°

T

0.5x107
5.0001x107®

Schottky diode, I, =0.49999 mA
pn junction, |, =0.00001 mA
(b)

Vy, =(0.026) ln[ J =V, =0.2395

+Vp, - + Vp, —

sl ~SE
Ll d

+ 0.90 V -

V V,
I =107 exp| 2L |=5x107 exp| 2%
p[v j o[

T T

Vg, +Vy, = 0.9
10_12 exp h :5)(10_8 exp M
v, v,
=5x10"* exp 09 exp Vo,
v v,

2V, ) (5x10° ( 0.9 j
exp = —— | exp

v, 10 0.026

5x10°°
2VD1 :VT 11’1[10—12J+09 =1.1813

Vg, =0.5907 pn junction
Vp, =0.3093 Schottky diode

I =107 exp 059071 . | Z735 mA
0.026
157
R=05K
AN Df Vo

S / i,
Vpg = 10V —. NV, § Ry,

V, =V,,=5.6 Vatl, =0.1 mA
r, =10Q
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1,r, =(0.1)(10) =1 mV
VZO =5.599

a. RL>0o=

10-5.599 4401
R+r, 0.50+0.01

V, =V, + 1,1, =5.599+(0.00863)(10)

V, =V, =5.685V

=8.63 mA

IZ

b. Ve =11V =1, =%=10.59m

V, =V, =5.599+(0.01059)(10) = 5.7049 V
9-5.599
0.51
V, =V, =5.599+(0.006669)(10) = 5.66569 V
AV, =5.7049 - 5.66569 = AV, = 0.0392 V

Ve =9V =1, =6.669 mA

C. = |z + ||_
| :V_o | _VPS Vo I :Vo V2o
L R, > R ~ 2 r,

10-V, _Vy =559 V,
0.50 0010 2

10 5.599 1 11

+ =V, + +—
0.50 0.010 0.50 0.010 2
20.0 +559.9 = V, (102.5)

V, =5.658 V

1.58

10-6.8
a) |, = =6.4 mA
O Y

P= |Zv; = (6.4)6.8)=43.5 mW
(b) 1, =(0.1(6.4)=0.64 mA
|, =6.4-0.64 =576 mA

I =Yz R =V—Z=%:l.18 kQ

I,

1.59
I,r, 2(0.1)(20) =2mV
V,, =6.8-0.002=6.798 V
a. R =

10-6.798

= =1, =6.158 mA
0.5+0.02

z
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V, =V, =V, + 1,1, =6.798+(0.006158)(20)
V,=6.921V

b I=1,+1,
10-V, V, —6.798+V_0
0.50 0.020 1
10 6.798 { 1 1 1}
+ =V, +-
0.30 0.020 0.50 0.020 1
359.9 =V, (53)
Vo=6.791 V
AV, =6.791-6.921

AV, =—0.13V

1.60
ForVp=0, I =0.1 A

5)(10714
V, =V, =0.754 V

Forlp =0V, =VTln( 0.2 +1j

161 V,=0,1,=02A
Vp, =0.60 V, I, =0.1995 A
V, =065V, I, =0.1964 A
Vo =070 V, 1, =0.1754 A
V, =072V, I, =0.1468 A
V, =074 V, 1, =00853 A
V, =0.7545 V, 1, =0

1.62

(a) 0.16:0.20—(5x1014{exp( Vo j_l}:VD =0.7126 V

0.026
(b) P=(0.16(0.7126)=0.114 W
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2.1

(a) Forv, >0.6V, 1000 (v, —0.6)
1020

For v, <0.6 V, v, =0
(b) (ii) vy =0= Ggooj[lOsm(a)t) ~0.6]

0.6

Then sin(wt), = To " 006 = (ot), =3.44° = 0.019117 rad

Also (wt), =180—3.44 =176.56° = 0.98097 rad

Now

2z

T
avg :TLJ. =—I10s1nx 06}jx
0

0.98097
-0.6X | }

0.019117

1 0. 98097r
=—|—=10cos X

0019117[

27
:i( [(-10)X-0.9982 —0.9982)-0.6(0.98097 —0.019117 )]

vo(avg)=2.89 V

(iii) v, (peak)= (1828]{105 (2] 06} 9.2157 V; i,(max)=9.2157 mA

(iv) PIV=10V
2.2
+ Vp —
v >t Yo
D

Vo =V —Vp

vy =V ln(:ij and i :VEO
S

vV, =V, -V; In (IV_ORJ
S
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2.3
() v, = 120&(%} =16.97 V (peak)

vo(peak)=16.27 V
(b) iD(peak)=%:8.14 mA
(¢) vy =16.97sinwt—0.7
. 0.7 .
sin(wt), = Tog7 - 004125= (o), =2.364

(wt), =180-2.364 = 177.64°

v (177.64— 2.364

x100% = 48.7%
360

(d)
0.9869

v (avg) = ZL J' [16.97 sin x - 0.7}ix
0.013137
1 0.98697 0.98697
= —{(—16.97)cos x | -07x | }

27 0013137 0013137

Zl [(-16.97)-0.99915-0.99915)-0.7(0.97387 )|
T
v (avg)=35.06 V

(©) iy (avg)="2° (;Vg) :% ~253mA

2.4
(a) vg(t)=15sinwt—0.7-9 =15sin wt-9.7

(‘Ot)l =sin”' [91—;] =40.29° = 0.22387 rad

(wt), =180-40.29 =139.71° = 0.77627 rad
1 0.77627
vg (avg) = py. I [15 sin X —9.7}ix
0.22387
0.7762 7 0.7762 7

—L{(—IS)COSX | —9.7x | }=%[(—15)(—0.7628—0.7628)—9.7(0.55237r)]

2z 022387 022387

v (avg)=0.9628 V

=R=120Q

ip(avg)=0.8= 0'9528

(b)
o [139.71—40.29

x100% =27.6%
360
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2.5
@ i(peak)= UR(FI;eak): R 15-97

=4417Q

(b) vg(t)=15sin wt—9.7
(wt), =0.22387 ; (wt), =0.77627

1 0.77627
uR(avg):; I[15sin x—9.7Hx
0.22387

Or from Problem 2.4, v (avg)=2(0.9628)=1.9256 V
vg(avg) _ 1.9256

i,lavg)= =0.436 A
o(avg) R 4.417
(c)
op = [ 1397124029 10000 — 27 6%
360
2.6
(a) vg(peak)=12+0.7=12.7V
N
_1=120ﬁ=13.4
N, 127
(b) R=22 _600
0.2
Y, 12

CoJu__ 6667 1 F
2RV, 2(60)60)0.25) o H

(©) PIV =204 (max)-V, =2(12.7)-0.7=24.7V

2.7
Vo =Vs =2V, = Vg (max) =V, (max)+2V,
@ For Vo (max) =25V = v (max)=25+2(0.7)=264V
N _160 _ N, _ ¢ o6
N, 264 N,
b For Vo (max)=100 V = v, (max) =101.4 V
N _ 160 N, g
N, 1014 N,
From part (@) PV = 2% (max) -V, =2(26.4)-0.7
or PIV=521V from part (b) PIV =2(101.4)-0.7 op PIV.=202.1V
2.8
(a)

v,(max) =12+2(0.7) =134 V

v, (rms) = 134 =V, (rms) =9.48 V

V2
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(b)
— Vi C-= Vi
"T2f R 2f V.R
12 c_mumuF
2(60)(0.3)(150) ~ ———£
(c)

. V 2V
iy, peak =2 |1+ ’—M
a» P R{ v, }

zz{m M]
150 0.3

iy, peak =2.33 A

2.9
(@
Vs (max)=12+0.7=12.7V
Vs (rms) == (max): v, (rms) =8.98 V
V, = Vi = = Vu 12
b) fRC TRV, (60)(150)(0.3) op C = 4444 uF

(c) For the half-wave rectifier

ip maxzv—"" 1+4rx Vi |_
: R .,

12 1+4rx
150

12

2(03)

] iy o =458 A
or ———

2.10
(a) v, (peak)=10-0.7=9.3V
v 9.3
b) C=—M - 620 4 F
®) €= v = eoYs00)0.5) 02 H
(c) PIV=10+93=193V
211
(@) 103<v, <123V
v 12.3
b) V, =—M ~0.586V
®) Vi =%re (60)1000)350x10°°)
10.3
- ~0.490V
" (60)1000)350x10° )
So 0.490<V, <0.586 V
v 12.3
C- - 513uF
(©) fRV, (60)(1000X0.4):> #
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2.12
(a) us(peak)=8.5(ﬁ)=12.ozv
Mo| =12.02-07=1132V
Vv 11.32
b) C=—Y - :
® 2fRV, 2(60)10)0.25)
() PIV =20, (peak)-V, =2(12.02)-0.7=23.34V

=0.03773F

2.13
(@)
v, (peak) =15+2(0.7)=16.4 V
16.4
Vs(rms):fznﬁ\]
V,, 15
= = =2857 uF
® 2RV,  2(60)(125)(0.35) #
214
26—
1!'2Q‘:::::::@‘::::::'@;:
foOINAE INA
A
NN NN
2.15
(a) vg =128V
Ny _120¥2 .
N, 128
12

(b) R=1%=240
V, =3% =V, =(0.03(12)=0.36 V

oo Vn 12
2fRV,  2(60)24)0.36)

© <>—{ _] [on22)

vV, | 24 0.36

=0.0116 F

ip(peak)=13.3A
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@ iD(avg):i V, Vu [, 7 [PV :l\/2(0.36)(1_2)1+£ 2(12)

7z\Vy R 2\ Vv, | zV 12 (24 2V 036
ip(avg)=0.539 A

(e) PIV=128+12=248V

2.16
(a) vg =9+2(0.8)=10.6V
N 1202
N, 106
() R=——=900
0.1
Vy, 9

C= = 4167 uF
21RV, 2(60)(90)(0.2)3 #

k)=—-M1|1 M -2 11 7 1=3.08A
(c) ip(peak) ( SRy ] 5 [ k2l J 3.08

r

@ ip(avg)= L |2V -V—M[Hﬁ\/sz' J:l\/z(o-z)(ij(nﬁ @J
z\Vy R 2\ V, z\V 9 190 2V 02
ip(avg)=0.1067 A

(e) PIV =0, (max)-V, =10.6-0.8=9.8V

2.17

For Vi >0

V, =0

Voltage across Ri+R=v
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R, 1
>V, = =R v, :Evi
Vol'&gge Divider Lt
1]

= |
* (RJIR +R

R, | R, =2.2]/6.8=1.66 kQ

2 _(&j =0.43)y|

1.66+2.2
]
4.3
V, (max)
V, (rms) = =V 3.04V
() = ()
2.19
(a) ILz%—OWSmA
I, = 20739 _ 1 342 mA
I, =1, -1, =1342-0.975=0.367mA
P, =1,V, =(0.367)3.9)=1.43mW
3.9

b) 1, ===039mA
® 1=

|, =1.342-0.39 = 0.952 mA
P, =(0.952)3.9)=3.71mW
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2.20

(a)
40-12
l, =
120
P=(0.233)(12)=28 W
(b) 1r=0.233 A, 1. =(0.9)(0.233)=0.21 A

0.21 =£: R, =57.1Q
R _—

So t
© P=(0n(0233)(12)=P=028W

=0.233A

2.21
(@ P, =1V,
4=1,(154) = 1, (max)=259.74 mA
So 15<1, <259.74mA
() I, _80=154 507 33ma
0.15
So 1, (max)=297.33-15=282.33mA
I (min)=297.33-259.74 =37.59 mA
15.4
0.28233
15.4
Ru(max) =5 759 =
So 54.55<R, <410Q

Then R, (min) =54.55Q

2.22

2010
222

10 —263mA
380 —

1, =1, =45.0 mA

I

=1, -1, =1,=187mA

400

P, (max) =400 mW = I, (max) =W=40 mA

= I, (min) =1, -1, (max) =45-40

R =175Q I, =57.1mA | =263mA

|, =30.8 mA

(c) For
I, (max)=40 mA = IL(min):57.1—40=17.1 mA

R =12 R =5850
171 +——
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2.23
a.  From Eq. (2.30)
500[20-10]-50[15-10]
2 (max) =73 (0.9
~(0.9)(10)=(0.1)(20)
_ 5000250
4
I, (max)=1.1875 A

I, (min)=0.11875 A
__20-10
From Eq. (2.28(b)) ' 1187.5+50
b.

= R, =8.08Q

P, =(1.1875)(10) = P, =11.9 W
P =1, (max)V, =(0.5)(10)=P_=5W
2.24
@ 1. =0
;= 10256 _ ¢35 0ma
50+3

V, =5.6+(0.083)3)=5.85V=V,
P, =1,V, =(0.083)5.85)=0.486 W
®) 10-V, V=56 Vi
50 3 200
0.20+1.867 =V, (0.02+0.3333+0.005)
So V, =5.769V

_5.769

Then

I = 28.84 mA

_10-5769 ) o ma
0.050
And I, =1, =1 =558mA
P, =(0.0558)(5.769)=0.322 W
) 1.=0
12-5.6

|, =————=120.8mA
50+3

V, =V, =5.6+(0.1208)3)=5.962 V
. =(0.1208)5.962) = 0.72 W
@ 12-V, _Vi-56 V.

50 3200
0.24+1.867 =V (0.02+0.333+0.005)
So V, =588V

Then IL=%=29.4mA; I =w=122.4mA

|, =122.4-29.4 =93 mA
P, =(0.093)5.88)=0.547 W
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2.25
\ .
(a) Set 1, =10mA; 1, LTS g5 mA
R, 1
I, =10+7.5=17.5mA
I, =17.5= 12-75 R, =257Q

(b) 7.5=V,o +(0.01)12)=V,, =7.38V
For V, =(1.1)12)=13.2V
132-V, V=738V,
257 12 1000
0.05136+0.615 =V, (0.00389+0.0833+0.001) =V, =7.556 V
For V, =(0.9)12)=10.8 V
108-V, V. =738 V,

257 12 1000
0.04202+0.615=V, (0.08819) =V, =7.450 V
Then, Source Reg= 7.556-7.450 x100% = 4.42%

13.2-10.8
(c) For R, =1kQ,V, =7.50V
For R, =0, |, :w:>17.17mA
257 +12
V, =7.38+(0.01717)12)=7.586 V
Then, Load Reg:(%jxloo%zl.w%

2.26
% Reg = \'A (max)—VL (mm) <100%
V, (nom)
_V (nom)+1, (max)r, —(V, (nom)+1, (min)r, )
- V, (nom)
SULSERCT OIS
So |2 (max)—1, (min)=0.1A
6 6
| =——=0.012A, 1| in)=——=0.006 A
Now (max) 500 «(min) 1000
Vps (min) -V,
Ri = 3
Now I, (min)+ I _(max)
280=——2"% |, (min)=0.020 A

or I, (min)+0.012
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Ve (max) -V,
I, (max)+1_(min)

I, (max) =0.1+0.02 =0.12A

Then nd
v, -6
280 Ve (M) =6\ ) =413V
or 0.12+0.006
227

Using Figure 2.19
Vs =20£25% =15<V, <25V

Vps (min)
I, =1, (min)+I_(max)=5+20=25mA

Ve (min)fVZ _ 15-10 -
| 25

a.

For

R =

R, =200Q

25-10

= |, (max) = = |, (max) =75 mA

Vps (max ) i

b. For

For I, (min)=0= 1, (max) =75 mA

V,o =V, — 1,1, =10—(0.025)(5) =9.875 V
V, (max) = 9.875+(0.075)(5) = 10.25

V, (min) = 9.875+(0.005)(5) = 9.90

AV, =035V

AV,
% Reg = —2—x100% => % Reg = 3.5%
. V, (nom) —_—

2.28
From Equation (2.28(a))

Voo (min) -V,  24-16

R = - = _
I, (min)+1,(max) 40+400 or R =18.2Q

AlsoV, = Vi =C= Vi
2fRC 2fRV,

R=R +r,=182+2=2020Q
Then

24
C=————=C=9901 uF
2(60)(1)(202) “

2.29
V, =V, + 1,1, V,(nom)=8V
8=V,, +(0.1)(0.5) = V,, =7.95 V
Vg (max)-V, (nom) 12-8

i R

I, =02A=1,=1133A
I, =1A=1,=0333A

=1333A

For

For
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V. (max) =V,,+1, (max) r,
=7.95+(1.133)(0.5) =8.5165

V (min) =V, + 1, (min)r,
=7.95+(0.333)(0.5)=8.1165

AV, =04V
%Reg:A—\/L:%:%Regzio%
V,(nom) 8 —
Vy C Vi

= =
2fRC 2RV,
R=R +r,=3+0.5=3.5Q

12
C=—r—" = C=00357F
Then  2(60)(3:5)(0:8)

2.30
For -6.3<v, <3V, v, =,
v, -3
For v, >3V, I = and v, =0, —I(O.S)

-3
S —(0.5(“'1 5 j:0.667u, +1.0

6.3
For v, <63V, =217

and v, =0, —1(0.5)

6.3
Vg =0, —(0.5)[”' il j ~0.80, ~1.26
25

2.31
(a) For —10=v, <0, both diodes are conducting = Vo =
For 95V <3, Zenernotin breakdown, so =0 V=0
Forv, >3 | 3 mA
20

v, =| & 3 (10)=lvI ~1.5
20 2
Atvi=10V,v,=3.5V,i;=035mA
velV)

4+
35T

T ]
3
10 30 10 vV
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(b) For v, <0, both diodes forward biased

i 0y,
10 T g i =10V, 0 =-1mA
v >3, 0 =03
| s 1T T A4 _ HE-
For 20 A¢ Vi =10V, 0 =035mA
fj(mA)
0.35 1+ /
_][‘} T T 1 I 3 T I T |II] pﬂ\:}
<+ -1
2.32
(a)
1 K
A
1 K 2K
r/\/\/\/\,——/\/\/\/\,— +15
\"A :l><15:5 V= forv, <57, v, =V,
3
For V1 37V
v, —(V, +0.7 -
! ( ! )+15 Vlzﬂg V0:V1+0.7
1 2 1
v, -V, +15—(v0—0.7) _ V=07
1 2 1
V_|+15_'7+£:V0 l+l+l =V0(2.5)
1 2 1 1 2 1

Vv, +8.55=v,(2.5) =V, =%vI +3.42

vV, =57=v,=57
vV, =15=v, =942

wi V)
DD L i 5t i i e

57f-——————5

0 5.7 15 pV)
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(b) iD :0 fOr OSVI SS.7

Then for V1 ~ 5.7V
vl—(v'+342
A 2.5 . 0.6v,-3.42
o = T 1 o 1
or
iplmA)
5.58

5.7 15 (V)

For V)= 15, iD =5.58 mA

2.33
(a) () V=18V
For v, 21.1V, v, =y,
For v, <1.1V, v, =1.1V
(i) Vg =-1.8V
For v, 2-2.5V, v, =0,
For v, £-25V, vy =-25V
(b) (1) Vg =18V
For v, 225V, vy, =25V
For v, €25V, v, =,
(i) Vg =-1.8V
For v, 2-1.1V, vy, =-1.1V

For v, £-1.1V, vy =p,

2.34
Yok
125 F———= I
i % |
: 107 30 ¥
|
|
|
————— -130
-10.7
v, =30V, i=u=0.175A
For 100+10

v, =i(10)+10.7 =125V
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b.
Vo 4
B ) M
10.7 I,
0 = -
30|~
2.35

(a ()Vg=5V
For v, 25.7V, vy =v, =5.7
For v, €57V, vy =0
(i) Vg =5V
For v, 243V, vy =v, +4.3
For v, <43V, v, =0
(b) () Vg =5V
For v, 243V, v, =0
For v, €43V, vy =v, -43
(i) Vg =5V
For v, 2-5.7V, vy =0
For v, <-5.7V, vy =v, +5.7

2.36
a.
Vy =0
A
0 >
_3V b
Vy =0.6
A
0 >
L. L L
b.
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VvV, =0.6

4

19.4

2.37

2.38
One possible example is shown

A o T

,J.

1

C:) \,_ 14V RADIO
D,

ign VraDIO

L will tend to block the transient signals
D, will limit the voltage to +14 V and —0.7V.

Power ratings depends on number of pulses per second and duration of pulse.

2.39
(a) Square wave between +40V and 0.
(b) Square wave between +35V and -5 V.
(c) Square wave between +5V and —35V.

2.40
C
m—
e, X
o oV S0V, =27V

b For Vb =0TV=V, =20V
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241
Circuit similar to Figure 2.31(a) with Vg =-10 V.

242
In steady-state, v, = (10sin wt+5)V

2.43
(1) Vg =5V, In steady-state,
Vg = (IOsin aJt—S) v
(i1) Vg =5V, In steady-state,
vo =(10sinwt —15) V

2.44
a.
10-0.6
Dlzmle1=0.94mA ID2:0
V, =15, (9.5)=V, =8.93 V
b.
5-0.6
0 gsres = =044 mA 1, =0

V, =15,(9.5) =V, =4.18 V

c.  Same as (a)

d.
|
10:(2—)(0.5)+0.6+ 1(9.5)= 1 =0.964 mA
V, =1(9.5)=V, =9.16 V
Iy = los =%:> Iy = Ip, = 0.482 mA
2.45

a.
l=lp =15, =0 V,=10

b.
10=1(9.5)+0.6+1(0.5)=1=1,,=094mA 1, =0
V, =10-1(9.5)=V, =1.07 V

C.

10=1(9.5)+0.6+1(0.5)+5=1=1,,=044mA 1, =0

V, =10-1(9.5) =V, =582 V
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d.
10=1 (9.5)+O.6+%(0.5)3 | =0.964 mA
I, =|D2=%:|m=|m:0.482mA
V, =10-1(9.5)=V, =0.842 V
2.46
a.
V,=V,=0=D,, D,, D,, onV, =44V
1= 1008 —ossoma
9.5
oy =1, =22700 1, =76 mA
lps = oy + 1o, =1 =2(7.6)-0.589 = I ,, =14.6 mA
b.

V, =V, =5VD, and D, on, D, off

10=1 (9.5)+O.6+%(0.5)+5:> | =0.451 mA

Io =1p,

|
== 1oy =15, =0226 mA

lp; =0
V, =10-1(9.5)=10-(0.451)(9.5) =V, =5.72 V
V, =44V
c. V,=5V,V,=0D, off,D,, Dyon ———
| - 10-44 | =0.589 mA
9.5
4.4-0.6
ID2 :T: ID2 =7.6 mA
I, =0
lps =1lp, =1 =7.6-0.589= 1, =7.0l mA
V, =44V
d. VIZSV,VZZZVDIOff,Dz,D:;OHO—
|=10_4'4:> | =0.589 mA
95 —
44-0.6-2
IDZ:T: Iy, =3.6 mA
Iy, =0

lp; =15, —1=3.6-0.589=1,, =3.0l mA

2.47
10-0.6-4.4

(@ V,=44V, 1, =02 -
1

=R, =25kQ

lgy =0.2+0.3=0.5mA

V,=-0.6V, I, 20'5:@: R, =10kQ

2
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lay =0.5+0.5=1.0mA

R, = L_(_S) =44kQO
1.0
(b) Assume all diodes conducting
V, =44V, 1, :W:o.sm
V,=-0.6V, I, =M:1.25 mA

Then 1y, =1.25-0.5=0.75 mA
-0.6-(-5)
RTTTon
Then 1p, =2-1.25=0.75mA

(c) Diode D, cutoff = 1, =0
_10-0.6—(-0.6) 10

=2mA

V, =-0.6V, I, =—=1.11mA
R, +R, 9
V, =10-0.6—(1.11)3)=6.07 V
| e :L_(_S):L%mA
2.5
Then 15, =1.76—1.11=0.65 mA
(d) Diode D, cutoff = 15, =0
V.—44v, 1, - 10-06-44 _ o0
e = 247C5) 94 ) 4sma
R, +R,
V, =(1.044)6)-5=127V
Then 1,, =1.044-0.833=0211mA
2.48
(@ lp =1y, =2.5mA
I, :2.5:L7_(_2):>R:0.8k9

(b) 1o, =02lg,, Ip +1p, =5
020, +1p, =5= 15, =4.167mA

I, :4.167:%: R=048kQ

© I =5lpy, lp +1p, =5
51p, +1p, =5= 1, =0.833mA

o, :0.833:%:>R:2.4k£2
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2.49
(a) D, and D, on
L 5-07-V, V,-0.7-(-5)

5
2 1.1
1 1
5+2.15-3.909=V, E+ﬁ =V, =230V
Then |y, :#:mm
I, :%71_(_5):6_(“1]14

(b) D, cutoff, I, =0
Iy, =5mA, V, =0.7+(5)2.5)-5=82V
5-0.7-0

© V,=0, I, ~2.15mA
Then Ip, =5+2.15=7.15mA
1y, = 7152270765 L g _gs0k0

2

2.50
(a (i) v, =5V, D, and D, on
5—(1)0 +0.6)+5—UO Uy U —0.6

=—+
5 5 05 05
0.88+1.0+1.2=0,(0.20+0.20+2.0+2.0)= v, =0.7 V
(ii) v, =5V
Ly = 0.5 v, =-0455V
0.5+5

(b) (i) v, =5V, vy =44V
i) v, =5V, vy =-0.6V

251 _
+10V

L]

10 K

~10V
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v, > 0.

For when D, and D, turn off

- 10-0.7

| =0.465 mA

v, =1(10kQ) = 4.65V

¥y
4.65 1+

—10 —4.65

v, =V, for —4.65<v, <4.65

2.52
(a) All diodes on

15-V, _Va=07 V,=07-(=5) V,-0.7-(-10)

6.15 2 14 24
2.439+0.35-0.307 - 0.3875 =V, (0.1626 +0.50 + 0.0714 +0.0417) =V, =2.70 V
Then I, zwzmnm
I, = 2.70-0.7—(=5) —0.50 mA
14
o =—2'7O_02'Z_(_10) =0.50 mA

(b) D, cutoff, I, =0
15-V, V,-0.7-(-5) V,-0.7-(-10)

+
6.15 3.3 52

2.439-1.303-1.788=V, (0.1626 +0.303 + 0.1923): V,=-0991V

~0.991-0.7—-(-5)
3.3

I = -0.991-0.7—(~10)

52

(¢) D, and D, cutoff, I, =1p, =0

_15-0.7-(-10) 243

R +R,  615+132

V, =15-(3.25)6.15)=-5V

Then I, =

=1.0mA

=1.60mA

25 mA

D3
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2.53
a.
+10V
—10V
R =5kQ,R, =10kQ
=V, =0
D, and D, on 0
- 0—(-10
I, =007 _ (19 ) 4610
5 10
I, =0.86 mA
b.
R =10kQ, R, =5kQ, D, off,D, on I, =0
10—0.7—(—10)
|l=————==1.287
15
V,=IR,-10=V,=-357V
2.54
If both diodes on
(a)
V,=-07V,V,=-14V
10—(—0.7)
ly=———2=107mA
~1.4—(~15)
Iy, =———2=272mA
Loy + 1o, = 1oy = 1, =2.72-1.07
I, =1.65 mA
(b) D off, D,on
=1, =200 =) 6 ma
RORT 541000
Vo = 1g,R, —15=(1.62)(10)~15 =V, =12 V
V,=12+0.7=19V = D, off,
Iy =0
2.55
(a) Djon,D,off

_10-07 =0.93 mA

IDl

V, =—15V
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(b) D;on, D, off
~10-0.7

=1.86 mA

IDI

V, =—15V

2.56
15-(V, +0.7) V,+0.7 v
10 20 20

15 0.7 0.7 11 1 4.0
DL —h— |2V, | 2
10 10 20 10 20 20 20

V, =6.975V

Y
I, =-L = 1, =0.349 mA
20 22—

2.57
(a) Diodeis cutoff, I, =0,V, =0
V,=Vg =3V
(b) Diode is conducting, V, =0.7 V
5-Vg Vg Vg-07 V;-0.7-2
B — B + B + B

10 10 10 10
0.50+0.07+0.27 =V (0.10+0.10+0.10+0.10) =V, =2.1Vand V, =14V
5-V, :V—B+|D

10 10

So |D:5_—2'1—§=0.08mA
10 10

(c) Diode is cutoff, 1, =0
V, =%(5)=2.5v, A =%(4)=2.ov
Vp=2-25=-05V
(d) Diode is conducting, Vp =0.7V
8-V -0. -0.7-
B =V_B+VB 07+VB 0.7-2
10 10 10 10

0.80+0.07+0.27 =V, (0.40)=V, =2.85Vand V, =2.15V

8-Vy Vg I
10 10 10

Then 1, = [8-2(2.85)]=0.23 mA
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2.58

Vi =0. D, off, D, on

| _10-25

0.5mA

v, =10-(0.5)(5)=v, =75V for0<v, <7.5V

Vi >75V, Both D, and D, on

V-V, v —2.5 A -10
15 10 5

When v, =10V, D, turns off

v, :(10)(5.5)—33.75:21.25 A%

v, >2125V, v, =10V

For

= 5.5)-33.75
orVI % (55)

For

2.59
(@) Forv, =05V, Iy, =1lp, =1p;=0, vy =05V
(b) For v, =1.5V, D,on; I, =15, =0
_1.5-07
P 448

vo =0.7+(0.0667)8)=1.23V

(¢) For v, =3V, D, and D, conducting, |, =0
3-vy Ly =07 . Ly —1.7

=0.0667 mA

4 8 6
0.75+0.0875+0.2833 = 0, (0.25+0.125+0.1667) = v, =2.069 V
Then 1o, :2.069%).7: 0.171 mA
- 2.069-1.7

=0.0615mA

ID2

(d) For v, =5V, all diodes conducting

5-0y Vg —0.7+z)O —1.7+z)O =27

4 8 6 4
1.25+0.0875+0.2833+0.675 = 0, (0.25+0.125 + 0.1667 + 0.25)

So vy =290V

Then 1, :L;Oj:o.msm
lp, = y =0.20 mA
s _ 290727 605 maA

2.60
(@ 1p,=0 for v, <45V

I

lp, =100 mA for v, >4.5V
(b) 15,=0 for v, <9V

lp, =100 mA for v, >9V
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2.61
vV, =V, =0
a. 01 02
b V,, =44V, V,=38V
V,, =44V, V,=38V
c.
Logic “1” level degrades as it goes through additional logic gates.
2.62
V,=V,=5V
a. 01 02
b V, =06V, V,=12V
V, =06V, V,=12V
c.
Logic “0” signal degrades as it goes through additional logic gates.
2.63
(V1 AND Vz) OR (V3 AND V4)
2.64
R+10
R+10 _ 83 691.7Q
0.012
R =681.7Q
2.65
[ 10-17-V
0.75
V, =10-1.7-8(0.75) =V, =2.3 V
2.66

R+, =%=o.zzok9

r, =200=R=200Q
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2.67
+ Vg
<
Vg __ R=2K
V,=1V,1 =08 mA
Vis =1+(0.8)(2)
Vo, =26V
2.68
I, = nedA

0.6x107 =(1)(1.6x10™")(10" ) A
A=3.75x10" cm’
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Chapter 3

3.1

@ () 1o =0
(ii) 15 = (0.75)20-0.4)0.1)— (0.1 |> 825 x A
(iii) 1, =(0.75)2(2-0.4Y0.1)-(0.1)? |- 0.2325mA
(V) 1, =(0.75)2(3-0.4Y0.2)- (0.1)? | = 0.3825 mA
(b) (i) I, =0
(i) 1, =(0.75f1-0.4)* =0.27mA
(iii) 1, =(0.75)2-0.4)* =1.92mA
(iv) 1, =(0.75)3-0.4)* =5.07mA

3.2
Ip = Kn[Z(VGS —Vay )‘/Ds _VDZS]
05=K, [2(0-6)‘/03 _Vés]
10=K, [2(1'0)‘/05 _Vés]

Take ratio

1V V&

B 2VDs _Vbzs

or 1-0.5V,, =1.2—Vp,

which yields Vs =04V

Then 0.5=K,|(1.2)0.4)-(04)] =K, =1.56 mAN/?

0.5 =Vps —05VS =12V, ~VZ

33
() Enhancement-mode
(b) From Graph V=15V

Now
0.03=K,(2-15)"=0.25K, = K, =0.12
015=K,(3-15)=2.25K, K, =0.0666
039=K,(4-15)"=625K, K, =0.0624
0.77=K,(5-15)° =1225K, K, =0.0629

_ 2
From last three, K, (Avg) =0.0640 mA/V

i, (sat) = 0.0640(3.5-1.5)> = i, (sat) = 0.256 mA for Vg, =3.5V

(© o(sat)=00640(45-L15)" =iy (sat) = 0.576 MA for Vs =45V
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3.4
Ve =0

Vs (8at) =Vs —Vyy =0—(-2.5)=25V
Vps = 0.5V = Biased in nonsaturation

lp = (L1)[ 2(0-(-25))(05)-(05)" | = 1, =248 mA
Vs = 2.5V = Biased in saturation

l, =(1.1)(0—(-25)) = 1, =6.88 mA
iii. Vps =5V Same as (ii) = 1p =6.88 mA
b. VGS =2V
Vys (sat) =2—(-25)=45V
Vps = 0.5V = Nonsaturation

o =(L1)[2(2- (-2.5))(0.5) - (0.5) | = I, =4.68 MA
Vps = 2.5V = Nonsaturation

lp =(L1)[ 22— (-25))(2.5) - (2.5)° | = 1, =17.9 mA
Vs =5 V = Saturation

L I =(11)(2-(-25)) = 1, =22.3mA

35
(@) Vo (sat)=Vgs Vo =22-04=1.8V
2.2=Vps >V (sat)=1.8 = Saturation
(b) Vos(sat)=Vgs —Vyy =1-0.4=0.6V
Vps =—0.6—(-1)=0.4V <V, (sat)= 0.6 V= Nonsaturation
() Vg =1-1=0= Cutoff

3.6
(@) Vg =2.2-2.2=0= Cutoff
(b) Vs =2V, Vg =2—(—1)=3V
Vg (sat) = Vg +Vip = 2+(-0.4)=16 V
So Vg =3>V (sat)=1.6 = Saturation
(€) Vg =2V, Vo =2-1=1V
Vo (sat) =V +Vpp = 2+(-04)=16V
So Vg =1<V,, (sat)=1.6 = Nonsaturation

3.7
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3.8
ety (600)(39)(885x10™) 2071x10
n = Hyu tox t "

0X 0X

3.9
-4 ~14
@ K, W o _ (20x10 X6502(3.9X8.85x10 ) 1 a0 man?
2Lt,, 2(0.8x107*)200x10°?)

(b) Ip= Kn(VGS Vi )2 = (1'40)(2_0'4)2
Or I, =358mA
(€) Vps(sat)=Vgs —Vy =2-04=16V

3.10
kr: W 2
(@ 1 D~ ?(T\J(\/GS Vin )
0.6 = 0—212) ﬂ}(m-o.s)z = (—j =278

0.12

(b) 1, =( (27.8)[2(1.4—0.8)(0.4)—(0.4)2]:0.534 mA

(€) Vps(sat)=Vg —Vyy =1.4-08=0.6V

3.11
, Ha o (600)3.9)8.85x10)
kn :/uncox = = 8
t, 20010
k! =0.1035 mA/V?

k! (W
I'o :_(_](VGS -V )2

2\ L

12= (0'1335J(WT)(3— 0.6) = (WTJ =4.026

Then W =(4.026)0.8)=3.22 um
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3.12
Ip =WC,, (Ves —Vin Psa
-14
Cox :i:—(3.9)(8.85x10 ):1.726x10‘7 Flem
t,, 200x10°°
Iy =(3.22x10 J1.726x107 )3-0.6)(2x10 )
I, =2.67mA
3.13
k' (w
I :7’3 T (VSG +Vrp )2
0.225 = [?IWTJ(Z +Vop )
0.05 (W
0.65= [TJ(TJQ +VTP )Z
. 3+V
Then |20 _3*Ve _479_ v - 0571V
0225 2+Vq,

And 0.225= [%](WTJ(Z -0571) = (WTJ =4.41

3.14
Vi=5V,V; =0=V, =5V
Vi, =05V =V, (sat) =V +Vyp =5-05=45V
V, =0=V,, =5V = Biased in saturation
I, =2(5-05)" = 1, =405 mA
Vp =2V =V =3V = Nonsaturation
.l ~2[2(5-05)(3)-(3)" |= 1, =36 mA
Vp =4V =V =1V = Nonsaturation
lo =2[2(5-05)(1)- (1)’ | = I, =16 mA
c. —_—
d Vp=5V=V,=0=1,=0
3.15

(@ Enhancement-mode
(b) From Graph Vip=+0.5V

045=k,(2-05) =2.25K, = K, = 0.20
1.25=k,(3-05)" =6.25K, 0.20
245=k,(4-05)" =12.25K 0.20
410=k,(5-05)" =20.25K, 0.202

AvgK, = 0.20 MA/V?
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i (sat) = 0.20 (3.5-0.5)° =1.8 mA
(© Io(sa)=020(45-057=32mA

3.16
Vg (sat) =Vgg + Vi,
@ Vg (sat) =-1+2 =V, (sat) =1V
() Vg (sat)=0+2= Vg, (sat) =2V
© Vg (sat) =1+2 =V, (sat) =3V
ki w ki, W
L STV B R
I :(&240)(6)(1)2 =1, =0.12mA
(@)
I, :(&240}(6)(2)2 — 1, =0.48 mA
(b)
I :(&240)(6)(3)2 = I, =1.08 mA
(©)
3.17

Po2L) 2(08

(&) Nonsaturation

I, =(0.375)2(2-0.5)0.2)- (0.2)? |= 0.21mA
(b) Nonsaturation

I, =(0.375)2(2-0.5)0.8)-(0.8)% |= 0.66 mA
(c) Nonsaturation

I, =(0.375)2(2-0.5)1.2)-(1.2)° | = 0.81mA
(d) Saturation

I, =(0.375(2-0.5)* =0.844 mA
(e) Saturation

I, =(0.375(2-0.5)* =0.844 mA

kf
K :_P(ﬂj:@(EJ: K, =0.375 MAN’

3.18
e M co(250)(39)(8:85x10™) g629x10"
P tup ox tox tOx tOX
@ ' 500A = k! =17.3 uAIV?
) 250A = k! =34.5 AV
© 100A = k; =86.3 uAIV®
@ 50A = k; =173 uAIV?

r _ 2
© 25A = ki =345 uAIV
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3.19
(3.9)(8.85x10™)

C =S« _ =6.90x10° F/cm?

"ty 500x10°°
ki = (14,Co) = (675)(6.90x10"° ) = 46.6 LAV
Ky =(#,Co, ) = (375)(6.90x10°) = 25.9 AV’

PMOS:

k' (W
ID = ?D(T)p (Vse +VTP )2

0.8= [O'OZZSQJ(V%jp (5-06) = [WTJD =3.19

L=4um=W, =128 um

0.0259
K, =( : j(3.19):> K, =41.3 uAIV? =

Want K, = K,

’ k'
ﬁ[ﬂj :_P(Vlj =413
2(L)y 2L,

(5, 03[

L=4 um=W, =7.09 um

3.20
Vs =2V, 15 =(0.2)(2-12)" =0.128 mA

1 1
- =781 kQ
ST ~ (0.01)(0.128) Rl

Vs =4V, 1,=(0.2)(4-1.2)° =157 mA

1
= =1, =63.7kQ
fo (0.01)(1.57) T

=—— =V, =100V

3.21

S =%(ﬂ](ves Vo =(0 ;zj@)(z 0.5)° =0.54 mA

L
1 1 1

=0.00926 V *

r = => A=

* Al flog  (200x10°J0.54x107 )

Then V, :%leSV
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3.22
Vin =Vio +7[ 2¢; +Vgg _\/ﬂ}

AVyy =2=(0.8)] 2, +Vsq —+/2(035) |

25+0.837 =/2(0.35)+ Vg =V, =104V

3.23
Vin = Vi + rl:\12¢f +Vgp _\/2¢f ]
~0.75+0.6] /2(0.37)+3-/2(037) |
—0.75+0.6[1.934—0.860]
Vi =139V
Vps (sat) =2.5-1.39 =111 V
. 0.08 2
Sat Region I, = (15)(TJ(2'5_1'39)
@ I, =0.739 mA
Non-Sat I, :(15)(%)[2(2.5—1.39)(0.25)—(0.25)2}
o I, =0.296 MA
3.24

E, =6x10° V/cm
(@) (i) Vo =Eqt,, =(6x10°J120x10°)=7.2v
(i) Ve =2 =24V
3
(b) (i) Vs =(6x10°|200x10 =12V

12

(i) Vg == =4V

3.25
Want (3)24)=E,t,, =(6x10°)t,,
t,, =1.2x107° cm =1200 Angstroms
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3.26

v, =| v :(Lj(lo):S.G Y%
R +R, 18+32

Assume transistor biased in saturation region

Ve V-V,
:R_SS:GR—SGS: Kn(VGS _VTN)

3.6—Vgs =(0.5)(2)(Ves —0.8)°
=V& ~1.6Vy +0.64
VZ - 0.6V —2.96=0

2
ID

0.6+4/(0.6)" +4(2.96)
Gs 2
I, = Vg —Vegs _ 3.6-2.046 N
R 2
VDS :VDD - ID (RD + Rs)
210—(0.777)(4+2) =V =534V

Vs > Vs (sat)

=V = 2.046 V

I, =0.777 mA

3.27

fpimA)

4

& gy =
+ VsV

@ Vos=4V Vp(sat)=4-08=32V

If Sat I, =0.25(4-0.8)" = 2.56
Vps =144  x
Non-Sat
4= 1R, +Vps = K R [ 2(Ves =V Vo5 ~Vis |+Vos
4=(0.25)(1)[ 2(4-0.8)Vps —Vigs |+Vis
4=2.6Vy —0.25V2
0.25V2 — 2.6V +4=0

+ _
. 26:\6.76-4 _, o0\,
2(0.25)

_ALE8 o oma

I
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(b) Non-Sat region
5= 1Ry +Vps = K,Rp [ 2(Ves =V )Vos —Vis |+Vos
5=(0.25)(3)[ 2(5—0.8)Vps —Vis |+Vos
5=7.3Vy —0.75V2
0.75VZ —7.3V, +5=0

 7.3+4/53.29-15
o 2(0.75)
Vo =0.741V
Iy _5-0741 =1.42 mA
3.28
0.8= (%j(so)(ves ~0.4) =V =0.808V
1
Vs :R_l' Rin Voo
0.80825 = Ri(zoo)(l.s): R, =445k Q
1
R,|R, =R,, =200kQ = R, =363kQ
3.29

Ip(mA)

292

1.25

__-t-h}
[l
35 5 Vep(V)
@ Ve =Vpp =35 Vg, (sat)=35-0.8=2.7V
If biased in Sat region, 1, =(0.2)(3.5-0.8)’

=146 mA
Vg =3.5-(1.46)(1.2) =175V  x
Biased in Non-Sat Region.
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3.5=Vg, +IpRy =Vep + K R [ 2(Veg +Vip Vep ~Vep |

3.5=Vy, +(0.2)(1.2)[ 2(35-0.8)Vyp —Vep |

3.5=Vy, +1.296 Vg, —0.24 VZ

0.24 V& ~2.296 Vy, +3.5=0

+2.296++/5.272-3.36
2(0.24)

o =(02)[2(35-08)(1.9)~(19)" | = 0.2[10.26-3.61]

=350 g5

I, =1.33mA
(b) Vs =Vgpp =5V Vg, (sat)=5-0.8=42V

Vg, = use —sign Vg, =1.90 V

2
If Sat Region 5 =(0.2)(5-0.8)" =353 MA, Vg, <0
Non-Sat Region.

5=Vqp + KRy [ 2(Vag +Vip Vep —Vi |

5=V, +(0.2)(4)[ 2(5-0.8)Vyp —V4j, |

5=V,, +6.72 vSD ~0.8VZ

08VZ2 —7.72 Vg, +5=0

7.72++/59.598-16
2(0.8)

5-0.698

lp === 1, =108 mA

Voo =

use —sign Vg, =0.698 V

3.30

22
Vg =| —=—|6)-3=1.40V
¢ (22+8j()

3=K,Rs (VSG +Vip )2 +Ve +Ve
= (05)0.5)VE —1.6Vys +0.64)+Vyg +1.40
0.25V2 +0.6Vg, ~1.44=0=V, =1.483V

5 =(0.5)1.483-0.8)* =0.2332mA
Vg, =6-(0.2332)0.5+5)=4.72V
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331
\ =0, Ves =V
Assume saturation region
2
lp =04=K, (Ve +Vip)

0.4=(0.2)(V, -0.8)°

V= |22 Lo8=y, =221V
0.2 e

V, = 1,R, ~5=(0.4)(5)-5=-3V
Vgp =V -V, =221 (-3) =V, =521V

Vg >V (sat)

3.32
|D _ VDD _VDSQ _VRs _ 3.3-1.6-0.8 —0.18 mA
RD
018212 (W (0.8-04) = Wl-18.75
2 \L L
0.8

Ry =——=444KkQ
0.18

R
V. =0.8+08=1.6= 2 3.3
084 [ — J( )

Now I, =(0.05)0.18)=9 u A

So R, +R, =%=367 kQ

Then 1.6= [?%27}(3.3): R, =178kQ and R, =189 kQ

3.33

ID:O—f:O.ZmA

Vps =1.8-(0.2)(4+1)=0.8V
Now Vg (sat)=0.8-0.4=0.4V

Vps(sat)=Vgg =V =0.4=Vy —0.4=V, =08V

k! (W
I'o :_(_j(vcs -V )2

2 (L
0.2= (0'—212)(\’\/?)(0.8— 04) = (WT) =208

Now Vg =V +1,Rs =0.8+(0.2f1)=1.0V

Vg :1=Ri- Rin Voo :Ri(zoo)(l.s): R, =360k Q

1 1

Ry|R, =R, =200kQ =R, =450kQ
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3.34
(a) 0.35= (()'—212J(50)(vGS —0.4) =Vq =0.742V

(b) Vo, =1.8-(0.35)2)=1.1V
Vs (sat) =V —Vqy =0.742-0.4=0.342V

Vps >V (sat) = Saturation

3.35

vez( 6 )(10)—5:—2v

k'YW
Vg =V +15Rs =5 =V +(7ITJRS Vs —=Voy ) =5

5-2=V,, +(O'—lej(zs)(0.5)(vgS 0.8V +0.16)
Or 0.75V( +0.4Vy —2.88=0=V, =1.71V
Iy = (%)(25)(1.71—0.4)2 =2.58mA

Vps =10-(2.58)1.2+0.5)=5.62V

3.36
w
Let [Tj =20 for example, then

0.20 = [O'—g‘r’j(zo)(vSG -06) =V, =1.232V

Then Vg =1.232=(0.2)R; = R, =6.16kQ

R _671238273 _gg4ka
0.2
Vi =3-1.232-1.232=0536 V

® R, +R,

Vg =0.536 = ( ) Fisz j(s)— 3= (%}(e)— 3

Or R, =176.8kQ and R, =123.2kQ

6 _ (0.1(0.2)=0.02mA, = R, +R, =300kQ

3.37

lg =50 =500(Vgs ~1.2)° = Vg =1516 V

(@) (i) Vos =5 (-1516) == Vs =6.516 V
lo =1=(0.5)(Vgs ~1.2)" = Vg =2.61V

iy Vos =5 (-261)= Vos =761V
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=V =1.516 V

\Y/
(b) (i) Sameas (a) -=
=V, =2.61V

(ii) Ves

3.38
Ir =K, (VGS —Vin )2
0.25=(0.2)(Vgs —0.6)’

Vg = /%w.e: Vo =1.72V= V =-172V

V, =9-(0.25)(24) =V, =3V

3.39

(@)
Ip(mA)

0.808

0.5

3.81 10 Vps(V)

R, =% — R, =8K

log =0.5=0.25(Ves ~1.4)° =V, =2.81V
—2.81-(-5)

" 05

ot Ro =82 K, Ry =43K

R, =R, =4.38K
(b) L

Vg5 —(-5
—654.3( ). Iy =0.25(Vgs —1.4)°

5—Vgs =1.075(V —2.8 Vgs +1.96)
1.075 V2 —2.01 Vg —2.89=0

01++4. .
_ 2.01+/4.04+12.427 SV — 282V

V.. =
e 2(1.075)

I, =0.25(2.82-1.4)" = I, = 0.504 mA

Vgs =10—(0.504)(8.2+4.3) =V, =3.70 V

Now
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© If Rs=43+10%=473K
5 Vs =1.18(V —2.8Vs +1.96)
1.18 VA —2.31V, —2.68=0

31£+/5. .
_ 231+ 5336+1265:2.78V

e 2(1.18)

I, =(0.25)(2.78-1.4)" = I, = 0.476 mA
f R, =4.3-10% =387 K

5—Vgs =(0.9675)(V& — 2.8V +1.96)

0.9675V2 —1.71V4 —3.10=0

+
_ 1.71++/2.924+12.0 _288V

o 2(0.9675)
I, =(0.25)(2.88-1.4)" = 0.548 mA

3.40

Iy :0.10:9_—:'5:R:65k§2

=34 e v

Now Vg, =V =2.5V
010=( 2B |W (25-0.7)* = W _1235
2 AL L

And W =(1.235)0.8)=0.988 1z m

3.41
5= 1Ry +Vapg = oo (2)+2.5

lo =125 mA
~ 10 (125)(0.1)= R +R, =80 kO
R +R, 2

log = K, (Vee +Vip )*

1.25=05(Vy +1.5)" = /% ~15=V

Vg, =0.0811V
V, =V, Vg =25-0.0811=2.42 V

VG{ R, j(lO)—S

R +R,

e

242 = (%)(10)—5 =R, =59.4kQ, R =206kQ
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3.42
(a)
Ip(mA)
0,429
5 VgplV)
V,—(-5) 5-
R :ﬁzuﬁ R, =12 K
lpy, 025
W[k 2
ID = [Tj (?pj (VSG +VTP)
0.25= (15)(&23’5))(%@ ~12)" =V, =218V
=2218 e 113k
0.25
Vg, =2.18—(-2)=4.18 V
(b)
k! =35+5% =36.75 uA/V>
0.03675 2 5=V,
ID = (15)( j(VSG _1'2) = 11.:;6

3.11(Vig — 2.4V +1.44) =5V,
3.1VZ - 6.46V, —0.522 =0

+
vy = 6.46+41.73+6.49 _, .0\,
2(3.11)
b= 5-21% o5 ma
11.3

Vg =10-(0.252)(12+11.3) = 4.13 V
K, =35-5% = 33.25 LAIV?
0.03325 2 5=V,
I, =(15 V, -12) =—2=£
o =(05) 2058 (v, 1.5 2

2.82(V, —2.4Vys +1.44) =5-V,
2.8V2 ~5.7NVy —0.939 =0

N . .
v, =577 V332941059 _, o0,
2(2.82)
_5-21% s ma
113

Vg, =10-(0.248)(12+11.3) = 422 V
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3.43
Vg —(-10 -
I Vo —(10)_ ,_6+10 R, =0.8 kQ
RD I:{D
Iy = Kp (Veg +Vip )" = 5=3(Vye ~L1.75)°
Vg = \EH.?S —3.04V =V, =-304
RZ
Vg = (10)-5=-3.04
R +R,
R, =R, [IR, =80 kO
Ri-(so)(lo) =5-3.04= R, =408 kQ
1
48R, _go= R, =99.5 kO
408+ R, e
3.44

(@) Both M, and M, in saturation

I =1p,

k; . k! 2

7(4)(0, -0.4) :7(1)[0—(—0.6)] =0, =07V
(b) (i) v, =0.6V; M, insaturation, M, in nonsaturation

o1 =1p;

5 (4Y06-0.4) =2 0fal0 - (~0.6)(5- v ) (5- v ]
We find (5-0, )" ~1.2(5-0,)+0.16 =0= (5-0v, )=0.153
So v, =4.85V

(if) v, =1.5V; M, in nonsaturation, M, in saturation

I =15,

£ (0o 504, 03] =5 (W0~ (-06)

We find 02 —2.205 +0.09=0=> v, =0.0417 V

3.45
M, in nonsaturation, M, in saturation
Ioy =1p,
K

T[Wle [2(3— 0.4)0.025)-(0.025)* ]: %(1)[0— (-0.8)f

(ﬂ] (0.1294)=0.36 = [ﬂj =278
L 1 L 1
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3.46
(a) Transistors matched
Vs =Vgs, =25V, Vo =25V

Iy = (0212](30)(25 0.4)* =7.938mA

() I =1p,

k., (W k. (W
_[_j (V(351 Vi )2 :7(_J (VGsz —Viy )2
1 2

2\ L
Vasa =9—Vgg

Then \/%(vw ~0.4)=(5-Vgg, —0.4)
Which yields Vg, =2.14V, Vg, =V, =2.86 V
Iy = (Ozlzj(so)(z 14-0.4)* =5.45mA
© Io=Ip,
(15)Vgs; —0.4)* = (30)Vos, —O. 4)2

0.7071(V¢g, —0.4)=5-Vq, —
Which yields V, =2.86 V, VGS2 _vo =214V

Iy = (Ozlzj(15)(286 0.4)° =5.45 mA

3.47
@ V,=Vg; =25V

0.8= (Ozlzj[WTl(Z.S—O.G)Z = [WTL =3.69

V, =6=Vgq, +V, =Vg, +2.5= Vg, =35V

0.8= [ngj(wsz(s.s—o.s)z :(WTJZ =1.59

Ve =9-V, =9-6=3V

0.8= (Ozlzj(Ll(s 0.6) = (Wlez.sl

(b) (i) k. =(120)1.05)=126 u AIV?
No change; V, =25V, V, =6V
(ii) k. =(120)0.95)=114 12 A/V?
No change; V, =25V, V, =6V
() ki =114uAN?, k!, =k, =126 u AIV?

I, =1ps

[0 1226 )(1 59)Ves, —0.6) = (0 1226](3 69)Vs; —0.6)°

Now VG83 :V17 VGSZ :Vz _Vl
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So (v, -V, -0.6)=1.523(v, - 0.6)

And V, =2.523Vv, —0.3138
Also 1y, =15,

0.114 0.126
[TJ(z.:%l)(vGSl -0.6) = (Tj(a.eg)(vGSB -0.6)

We have Vg, =9-V, =9-(2.523v, —0.3138) = 9.3138 - 2.523V,
Also Vg, =V,

Then (0.13167)9.3138-2.523v, - 0.6)° =(0.23247)V, —0.6)*
8.7138-2.523v, =1.3287(V, - 0.6)

Which yields V, =2.469V and V, =5.916 V

3.48
M insaturation, M, in nonsaturation
lop = oo

k/

(7J(WTJD [2(5-0.6)0.15)- (0.15) |= (%j(z)(s— 0.15-0.6)°
[WTJD (1.2975)=136.125= (WT] =278

D

3.49
M insaturation, M, in nonsaturation

oo =1o0

[k?j(WT] ) [2(5— 0.6)0.10)-(0.10)° ]: (%j(z)[o ~(-1.2)]
(WTJD (0.87)=2.88= [WT]D =331

3.50
(@) Transistor in nonsaturation

32998 _ 09733 mA

Io
0.09733 = (0'—212)(\/\/?)[2(2.6 ~0.4)0.08)-(0.08)° ]
0.09733 = (WT)(O.020736):> (WTJ =4.69

(b) 0.09733= (%j(WTj[z(s ~0.4)0.08)-(0.08)° ]

0.09733 = (WTJ(O.024576) = (WTJ =3.96
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3,51
S=1pRp +V, +Vpy
5=(12)R, +1.6+0.15= Ry, = 271Q
I, =12= (?)WT [2(5—0.6)(0.15)—(0.15)2 ]:> [WT] =231
3.52
5=Vgp +15Rp +V,
5=0.20+(15)R, +1.6 = R, =213Q
|, =15= (%j(WTj[z(s— 0.6)0.20) (0.20)?
15= (ﬂ)(o.o344): (ﬂ] =436
L L
3.53

@@ Ig= 5-015 _ 5097 mA
50

I - &297 - (%j(WTJ[z(s ~0.6)0.15)(0.15) ]

0.0485 = [ﬂj(o.oms): [ﬂj = [ﬂj =0.623
L L), (L),

(b) M, nonsaturation, M, cutoff

I =1, = 5;?)/0 :(%](0.623)[2(5—0.6)\/0 ~v¢]

We find 1.869V¢ —17.45V, +5=0=V, =0.297 V

3.54
(8) Vpsy(sat)=0.5=Veg, —Viy =Ves, —0.4 = Vg, =0.9V

o1 =125:(&j(ﬂj (0.9-0.4) :[ﬂj =8.33
2 \L), L/,

Vass =V, =0.9V
| ey = 225 = 120 YW (09-04) = W Z1s
2 L), L),

M, and M, matched, so (WTJ =8.33
1

(b) Ve =0.9V=Vy, =V Vg =2-09=11V
_25-11
0.125

=11.2kQ

Rop
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3.55
(@) Vpg(sat)=0.8=Vyg +Vip =Veg —0.4 =V =12V

lg, =200 = (?)[WTJB (12-04) = (WTJB =125

Vsge =Vsee =1.2V
I per, =125= (%)[WTJ (1.2 - 0.4)2 = [WT) =781
c C

M, and M, matched, so (WT] =125
A

(b) Vegp =1.2V
Von =Vegn —Vepn =12-4=-28V
_ -28-(-5)

b =11k Q
0.20

3.56
Vs, (sat)=0.5=Vg, —Viy =V, —0.6 = Vg, =1.1V
l, =0.35= 012 YW (11-06) = W) _233
2 AL, L),
Vass =Vgs, =11V
| oer =0.15= [%j(ﬂ] (1.1-06) = [ﬂj =10
2 \LJ, L/,
Vess =5-1.1=39V
leer =0.15= 012w (39-06) = W) o023
2 \L), L),
W
M, and M, matched, so (Tj =233
1
Ve, =1.1V; Vg, =Vpg —Veg =35-1.1=2.4V
b= >=24 _743k0
0.35
3.57

Vs (sat) =Vgs -V,
So Vs > Vs (Sat)=—VP, Ip = lpss

3.58
Vs (8at) =Vgg =V, =Vgs +3 =V, (sat)

Vi =0=1, =l =6 mMA

2 2
I, = |DSS( —\ﬁ] :6(1—_—1J =1, =2.67 mA
0 v, 3)
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_2\?
I :6(1——j — 1, =0.667 mA

3.59

1—i =3.055- 9.165

v, v,
8.165

=2.055=V, =3.97 V

P

2.8= 1l [1— !

3.97

2
j = I g5 (0.560) = 1ogs =5.0 MA

3.60
Vs = Vs, Voo =Vs —Vpp

want Vso = Ve (sat) =V, —Vgs

Vs -V >VP _VGS _Ves -V >VP _VGS :>VDD < _VP

DD =

oo Voo <25V

DD =

2
2:6(1—\;%] =V, =106 V=V, =-1.06 V
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3.61

Ih =K, (VGS —Vin )2
185=K, (0.35- V)’
86.2=K,(0.5-V;, )’
Then

185 _ (0.35-V,, )’

02146 =™/ v -0221V
050V, )}  ———————

185=K,(0.35-0.221)" = K, =1.11mA/V?

3.62

lp =K (Ves —Viy )2
250 =K (0.75—0.24)2 = K =0.961mA/V?

3.63

2
|D=|DSS( _V&j =V_S=_Vﬁ
Ve R, Rs

2
10( _Vﬁj _ Ve

-5 0.2
2
2 1+%+\ﬁ = —VGs
5 25
2 9

2—5VGZS +§VGS +2=0

N2 +45V +50=0
_ -45% (45)" —4(2)(50)

Ve = >0 SV =117V
lp=—ves T 585 mA
R, 02 2T

V, =20-(5.85)(2)=8.3V
Vs =V, =V =8.3-1.17 =V, =7.13V
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3.64

Vs =Vop —Vs

8=10-V, =V, =2V = I;R; =(5)R; = R, = 0.4 kQ

2
V,
ID = IDSS (1_fj

2
5=, (1—\;—1J Let I, =10 mA

P

2
5:10(1—\;—1j =V, =-341V

P

V, =V +V =—1+2=1V

R 1
V,=| —2—|Vyp =— R, -V,
G (Rl-i-sz DD Rl in DD

- I:{i(5oo)(1o) =R, =5MQ
1

5R,
5+R,

=0.5= R, =0.556 MQ

3.65

V 2
5=8[ _%j LV, 0838V

Veo =Vop — 15 (Rs +Ry )
=20—(5)(0.5+2) =V =75V
. =20-(5)(0.5)=17.5V

vG =V, +Vg =17.5+0.838 =183 V

R 1
Ve = [R1—2F\’ZJVDD = El Rin Voo

183=—- L (100)(20)= R, =109 kO
1

109R,

—="2__100= R, =1.21 MQ
109 +R, 2=
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3.66
vV 2
I, =1 1—£]
D DSs ( v,
Vv 2
5= 7( —%) =V, =0.465V
VSD :VDD - ID (Rs + RD)
6 =12—(5)(0.3+ RD) = R, =0.9 kQ
V, =12 —(5)(0.3) =105V
V, =V, +Vg =10.5+0.465=10.965 VV
R
V. =| —2— |V
G (Rl + sz DD
10.965 = (%j(lZ) =R, =914 kQ = R, =8.6 kQ
3.67

R 60
Vg =| —2— Vyp = 20)=>V, =6V
¢ (R1+R2j o (140+60j( )=Ve =6V

<
o
7]

el
7

<8><2)[1—(V_L;)j2 6

2
16 1+\£+\£ =6-Vg
2 16
V& +9V, +10=0
-9+./(9)° - 4(10)

Vs = . =V =—1.30
(-1.30) Y
lo =815y | = lo=265mA

Vs =Vpp — 1 (Rs + RD)
= 20—(3.65)(2+2.7)

Vps =2.85V

Vs >Vps (sat) =Vgs — V5
= -130—(-4)
=2.7V (Yes)
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3.68
VDS :VDD - ID (Rs + RD)
5=12-1, (0.5+1):> I, =4.67 mA
Vi =1,R :(4.67)(0.5):>Vs =233V
R
Vg = 2 Voo :(LJGZ):VG =0.511V
R +R, 450+ 20
Vg =Vg -V =0511-233=V, =-1.82V
2
V,
I, =1 1--5
D DSS[ V. J
2
(-1.82)
467=10({1-—| =V, =-575V
p
3.69
Y 2
Iy = los [1—VL:J , Vg =0
Iy =lpss =4 MA
Rp Voo Vo _10-3 R, =1.75 kQ
Iy 4 —_—
3.70
Vo =Vop — IpRs
10= 20—(1)RS = R, =10 kQ
V, 20
+R, =22 =""=200 kQ
RER, 0.1
2

|
v,
Iy =1 1—&]
D DSS( VP
2

1= 2(1—&j = Vg =0.586 V
2 e —
V, =V, +Vg =10+0.586 =10.586

R
V= —2— 1V,
G (Rl'f'sz DD

10586 = 2 |(20) = R, =106 ko
200 2

R, =94 kQ
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3.71
VDS :VDD - ID (Rs + RD)
2= 3—(0.040)(10+ RD) =R, =15kQ
Ip =K (Ves —Vny )2
40 = 250(Vgg —0.20)" = Vg =0.60 V
Vg =Vg +Vs = 0.60+(0.040)(10) =10V

R
V, = zZ_ |V,
G (Rl-f-sz DD

R
(150j( )= R, =50ko

R, =100 kQ

3.72
Vo =0.70 V =V, =0.70 > Vg (sat) =Vgs —Vyy,
For 0.75-0.15=0.6
Biased in the saturation region
Voo —Vps  3-0.7
R, 50

=1, =46 uA

I

Iy = K (Vgs Vi )" = 46 = K (0.75-0.15)° = K =128 uA/V?
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Chapter 4
4.1

@ () gn

||
r\>|=’f
7~ N\
- =
\T/
o
O

o
=

5= (0
(b) (i) 0.5=2 (E)(VI‘_’)(O 15) = (‘?_’j:sss

)(8 33)Vgso —0.4) = Veeo =1.0V

](2 5\Veso 04 = Vegq =24V

& |

(ii) o.15=(

4.2

ey

(ii) 0.50 = ( jse)(vSGQ—o 6 = Vygo =143V

43
lp = K, (Vas Vi )* (1+ Vo)
Joy 14V _ 34 1+ 4(10)
lp, 1+AVps, 30 1+4(5)
3.4[1+51]=3.0[1+104]
34-3.0=1(3-10-(3.4)-5)= 1 =0.0308
AVps 5

r=—20 - -125kQ
Al, 04
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44
Po L
VTR
1 1
l=t= L | -0833mA
° = n,  (0012)(100) 2 ———=TR
45

@ Ip= Kn(VGS Vi )2 (1+/1VDS)
Iy = IDO(1+2'VDS)

0258 (1+3.34)

0250 (1+1.51)

Or 1.032(1+1.51)=1+3.31= 1=0.01826 V *
0.250 = 1 5, [1+(0.01826)1.5)| = 15, = 0.2433 MA
P S ! =225k Q

° Ay, (0.01826)0.2433)
(b) 1, =(0.2433)1+(0.01826)(5)] = 0.2655 MA

Then

4.6
(a)
r, = L 1 =1000 K
i A, (0.02)(0.05)
1
- =100 K
(i) °(0.02)(0.5)
(b)
Al = AVos _ 1 _poo1ma=10 uA
(i) o
Alp =Q:> 2%
ID
Al AV _ 1501 =10 uA
r, 100
AID = ﬂ = 204
iy o 500
4.7
I, =1.0 mA
o1 00k

", (0o
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4.8
@) Vpp = IooRo +Viso
3.3=1p(5)+1.5= 15, =0.36 MA

It

0.36 = (021) (40)Vgs —0.4)* = Vggo =0.824V

(b) K, :(k?](WTj (Ozlj(m) 2 mA/V 2

Un = 2y/K, Ipq =2(2)0.36) =1.697 mANV
S 1

° Al (0.025)0.36)
A, ==0,(1,|Ro )= ~(1.697)111.15) = -8.12

=111.1kQ

v

4.9
@ A, =-9,Rp
-38=-9,(0)= g, =0.38 MA/V

0.38=2 (—'1 (ﬂj(o.lz) = (ﬂj =6.02
W2 L L
(b) -5=-g,(0)= g, =0.50 MAN
0.50=2 (E](ﬂ](o.lz) = (ﬂj =10.4
2 L L

4.10
(@) Voo =lpoRp +Vpsg
=(05)R, +3= R, =4kQ

(4

L

(b) 9, = 2\/( k2 2\/(0§8j(34 7)0.5) =1.666 mA/V
1

= =133.3kQ
fo A, (0.015)05
DQ

© A, =-0,(r|R,)=—(1.666)133.34)= 6.47
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411
2 ; 2 2ain2
K,V5 =K, [Vgsinat | = K Vzsin“ot
sin’ ot = %[1—005 20t ]
KV2
So K, vg = %[1— cos 2wt ]
2
—% . cos 2wt
Ratio of signal at 2w to that at w : -
2K, (Voso Vi Vs -sin at
. . - - - V S
The coefficient of this expression is then: ——&
4(VGSQ _VTN )
4.12
V
001=——%
4(VGSQ _VTN )
SoV, =(0.01)(4)(3-1) =V, =0.08 V
413

R 60
a) V.. = 2|y, =|——|3.3)=066V
® Ves [R +R2] bo (60+240)( )
: j

Vs —Viy ) = (%J(so)(o.ee—m)z =0.270 mA

Viso =Voo — 1 poRp =3.3-(0.270)(8)=1.14 V

0 g9,= 2\/[%][\’\%} bg =2 (%j(so)(o.zm) =2.078 MAIV

1 1
= = :185 kQ
fo Al 0.02)(0.27
DQ

R,
A, =- Rp| =————
ISR
We find r,|R, =185(8 =7.668 kQ
R,|R, =60[240 =48 kQ

So A, =-(2.078)7.668 48 1__153
48 +2

4.14
A =-09,(nlIR:)
-10=-g,(100]|5)= g, = 2.1 mA/V
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4.15
R 175
a) Vg =|—2— |V =| ————(5)=2.1875V
@ Ve [R1+R2] o° (175+225]()

2.1875=Vg + 1 ;Rs =Vg + K Rs (Vg —Viry )
21875 =V +(1)1VE ~1.6Vg, +0.64)
or V& —0.6Vg —1.5475=0=V, =1.58 V
log = K, (Ves =V )* = (L)1.58-0.8)° = 0.608 mA
Voso =Voo — oo (Rs +Rp ) =5-(0.608)1+4)=1.96 V
_ngD
by A =—"D2
) A =17 0 R
g, = 2/(1)0.608) =1.56 mA/V
:M — 244
Y 1+(1.56)1)
-9.(Ro|R.) —@56)R,[R
© A - gm( D" L): ( )( D" L):_0'6094(RD”RL)
1+9,Rs 1+(1.56)1)
—(0.75)2.44) = ~(0.6094)R, |R, )= Ry |R. =3.0 kQ
4R, =3=R, =12 kQ

4.16
(@ Vpsg =Vop —| DQ(RS +R;)
5=12—(2)Rs +Rp )= Rs + R, =3.5kQ
Ry =0.5kQ, then Ry =3kQ
IDQ = Kn<VGSQ _VTN )2
2 =1.5(ggq ~1.2) = Vggq = 2.355V
Vg =Vigo + 1 pgRs =2.355+(2)(0.5)=3.355 V

R 1
V.=|—2 |\ =—_.R. .V
G [R1+R2] DD Rl in DD

3.355= Ri(zso)(lz): R, =894kQ

1

R,|R, =894|R, =250 = R, =347 kQ
(b) g, =2y(1.5)2)=3.464 MAIV

_auRolR)_~Gasefdo)
1+g,Rs  1+(3.464)05)

12

4.17
(@) From Problem 4.16;
Ry =05kQ, R, =3kQ,

R, =894kQ, R, =347 kQ
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(b) g, =24(15)2)=23.464 MAIV
A, ==0,(Ro|R. )= ~(3.464)3[10)= ~7.99

4.18
(@)
A/ :_ngD
-15=-2R, >R, =75K
(b)
_ _ngD
A/ - 1+ ngS
—(2)(7.5
—:—( )( ):>RS=1K
1+(2)Rs
4.19
_ngD
A\/ =_<m D
(a) 1+9.Rs
_Q_ _ngD
O 1+9, (1)
) -16=-9,R;
16
1+ gm (1) = gm—
Then Ry =16K
—(1)(16
o~ 10 -000)
l+(l) R
(b) R, =0.6 K
4.20

(a) IDQ = IQ = [%)(WT\J(VGSQ _VTN )2

0.5= (%j(so)(vGSQ ~08) = Vg =1.247V

Voo =V * =l poRp —(~Vggo )=5-(0.5)6)+1.247 =3.25 V

(b) 9, = 2\/(%}(\’\%) bo = 2\/(%}(50)(0.5) =2.236 MAIV
1

= 1 =100k Q

r =
° Ay, (0.02)0.5)
A, = -9, (r,|R, )= ~(2.236)100)6) = ~12.7
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© A, =0, [r|Ro|R, )= ~(2.236)100]6]20)= ~9.86
@ A, =-g,(r|Ro|R, )= ~(2.236)00]6]6)= -6.51

4.21

(@) Voo = 5_(_5)_ I'no (Rs + RD)
55=10—(0.1)(Rs + R, )= Rs + Ry, =45k Q
I DQ ~ Kn (VGSQ _VTN )2
(0.1) = (0.85fVg5q —0.8) = Vg =1.143V
Vgs +1pRs =5
1.143+(0.1)R; =5= R, =38.6 kQ

=R, =6.43kQ
() 9 =2K,lpo =2,(0.85)0.1) =0.583 mAN
1 1

Y oo (0.02)0.1)

© A, =9 (Ro|r|R. )= ~(0.583)6.43500]40)= -3.19

4.22

(@ Voso =Vop _IDQ(RS +RD)
2=33-(05)Rs +Ry )= Rg +Rp =2.6 kQ
IDQ =K, (VGSQ —Viy )2
0.5 = 2Vg5o —(~08)f =Veeo =-0.3V
Veso + 1pgRs =0
-0.3+(0.5R, =0=R, =0.6kQ

= R, =2kQ
(b) 9 =2K,lpe =2y(2)05)=2 mANV

=9, (Ro|R.)  ~(2)20)
AT g R RN P

4.23
(@ Voo =lpgRp +Vpsg +10gRs and Vg +14Rs =0

Then Vg, = KnRD(VGS Vo )2 +VDSQ Vs
5=(2)2)Vgs +0.8)° +2.5-V,

Which yields
NG +5Ng +0.06=0, =V =-0.0112V

and 1, =2(~0.0112+0.8)° =1.244 mA
5=(1.244)2)+2.5+(L.244)R; = R, =8.99Q=90Q
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(b) 9 =2,K,lpq =2y(2)1.244) =3.155 mANV

o m9RoR)_ -(assKde)
" 1+g,Rq 1+(3.155)0.009)

4.24
a.
5= 155Rs +Vepo + 1poRp =5
5=1poRs +6+1,,(10)-5
L4
°0 R, +10
1 Vs =Veg +logRo =5 =Vegq
s 115 (10)=Vig
2
5 o= K, (Vsso —2)

Choose Ry, =10 kQ = I, =210=0.20 mA

Vigo =1+(0.2)(10) =3V
0.20=K,(3-2)° = K, =0.20 mA/V?

b.

oo =(0.20)(3-2)" = 0.20 mA

On = 2/Kplpg =2,/(02)(0.2) =0.4 mA/V

A =-g, (R, IR )=—(0.4)(1010)= A =-2.0
C.

Choose Ry =20 kQ = 1, =%= 0.133 mA

Ve =1+(0.133)(10) = 2.33 V
0.133=K,(2.33-2)? = K, =1.22 mA/V?

g, = 24/(1.22)(0.133) = 0.806 mA/V
A, =—(0.806)(10J[10) = A, =-4.03
A larger gain can be achieved.
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4.25
(@)
2
IDQ = Kp (VSGQ +VTP)

0.25 = 0.8(Vysq ~0.5)°

Ve =1.059 V
L N A S
025 o
Vo =V ~Vipo =1.059-1.5 = ~0.441 V
0.441— (-3
Il ) BT
0.25 Tt
(b)
A ==9n(Ro[R.)

O = 2,/K,loo =2,/(0.8)(0.25) = 0.8944 mA/V

A, =—(0.8944)(10.2]|2)
A =-150

(©)
AV, = Al (R, ||R,)=0.25(10.2 | 2) = 0.418

So AV, =0.836 peak-to-peak
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4.26
IDQ = Kn (VGSQ _VTN )2

gm :2 KnIDQ

22=2JK,(6) = K, =0.202 mA/V?
6=0.202(2.8-V,, )" = V;y =—2.65V
Voso =18 150 (Rs +Ry)

18-10

Ry +Rp =

_gm(RD IR.)
1+ ngS

—2.2{ Ro '1]

Rp +1
1+(2.2)(1.33-Ry)
2.2R,

1+R,
(3.93-2.2R;, )(1+Ry) =2.2R,
3.93+1.73R, —2.2R% = 2.2R,
2.2R2 +0.47R, —3.93=0

=133kQ= R, =1.33—-R,

A =

1+2.93-2.2R; =

. —0.47+/(0.47) +4(2.2)(3.93)

=R, =123kQ, R, =0.10kQ

2(2.2)
Vg =Vgs +Vs =2.8+(6)(0.1)=3.4V
Vg = L R, Voo = i(100)(18) =34= R, =529 kQ
R R, -
529R,
529+R,

=100= R, =123 kQ

4.27
(@) Vg =Veso =Vipo +1poRp —9

Viog =5+ 1 0o (4)-9= K, (4)Vseq +Vrp J — 4
Vo =8Vig —24V,eq +1.44)—4
O 8VZy —20.V g +7.52=0= Vg = 2071V
log = g = K, (Vegq +Vip Jf =2(2.071-1.2) =1518 mA
(b) 9 =2K,lpq =2y(2)L518) =3.485 mANV

1 1
fo = Ao, (0.03)1518) 2ke
A, = =0, (Ror, )= ~(3.485)4]22) = -11.8

© A, =0, (Ro|r|R. )= ~(3.485)422J8) = -8.29
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4.28
@
2
IDQ = Kp (VSGQ +VTP)
0.5=0.25(Vysq +0.8)°
Vigo =0.614 V =V
Ry _10-0614 Rs =18.8 K
05 =
V, =V, —Vgp, = 0.614-3=-2.386 V
~2.386—(-10)
p=—— VR, =152K
05 -2
(b)
A/ = _ngD
On = 2,/K,Ipq =2,/(0.25)(0.5) =0.7071 mA/V
A =—(0.7071)(15.2)
A =-10.7
4.29
A =0, (Ro[R.)
VDSQ :VDD - IDQ (Rs + RD)
10=20-(1)(Ry +Ry) = Ry + R, =10 kQ
R, =8kQ, R, =2kQ
Let
A, =-10=—g,,(8]20)
Jn =L75MANV =2,/K 15 =2//K, (1) = K, =0.766 mA/V*
V, = IR =(1)(2)=2V
log = Ky (Vos —Viy )" =1=0.766(Vgg —2)" = Vg =3.14 V
Vg =V +V, =3.14+2=5.14
A :é- Ry, Voo :Ri(zoo)(zo) =514= R =778 kQ
1
78R, 00— R, = 269 kQ
778 +R, =
4.30

__Gafo___(5)200) _
@ A=g gnf, 1+(5)100) 0.9%8
R, :gi”ro :émoo =0.2[100 = R, = 200Q




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 4
Problem Solutions

(b) A _ gm(rouRS)
v 1+gmiro||RSi

We have 1,|Rs =100[5=4.762 kQ

5)4.762
v = % =0.960

431
_ gm(RL "ro)
A =—1rtlel
1+9,(R.[r)
098=—In_— gy —49
1+g,r5,
RLr()
R gm(R +r J
Also 0.49 = O (Rel) _ LT,
oo () g, ()
R+,
049= gm(RLro)
RL+ro+gm(RLro)
rag (89O a9
1+r,+(49)(1) 50+,
r, =50 K
g, =0.98 MA/V
4.32
(@)
__Guh __(2)(25)
1+9,r, 1+(2)(25)
A =0.98
S :luzszo.sn 25
On 2
R, =0.49 K
(b)
p - On(GIR) _ 2(3512) _ 2(1.852)

1+9,(r IR) 1+2(25]|2) 1+2(1.852)
A =0.787
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4.33

(@) IDQ =

(b) g,=2 %)EWTJI bo = 2\/(%)(80)(0.15) =1.549 mA/V

1 1
Y o (0.02)0.15) 333k

We find r,|Rs =333[10=9.708 kQ

0. (r[Rs)  (1.549)0.708)

1+9,([Rs) 1+(L.549)9.708)

Then A, = =0.938

1 1
) R,= a||ro IRs = @"333"10 = 0.6456//9.708

or R, =605Q
4.34
Vo -V _
@ lpg=—r"2= 25-125 5 5ma
Rs 0.5
R
(b) A, =gm—5
1+ ngS
0.5
0.85:% g, =11.33mAN

© 1o 5[4 e v
J

Vi =Veso +Vo =1.04141.25=2.291V
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4.35
@ P=1oVp, =25=1,(25)= 1, =1mA

(b) R, =—]r,
On

1 1
=——— = ~=50kQ

fo Aoy (0.02)1)
L [p0= g,, =1.98 mA/V

g_

oo
e =2

© A —_Onfo _ (1.98)50) —0.99
Y 1+g,r, 1+(1.98)50)

So 05=

d g,=2 (%j(loo)(l) = 4.472mMAIV

R, :i"ro :L||5ozo.2236||50:> R, =2230
g, '° " 4472
4.36
R 350
v.=|Re (30 ag)=2917v
@ Ve [R1+R2] eP (350+850j( )

10=1p4Rs +Vgeo +Vs
k!
Now K, =|— Wh_[oo4 (80)=1.6 mA/NV?
2 L 2
S0 10 = (L6)4)Veeq —1.2) +Vygq +2.917
We find 6.4V, —14.36V g, +2.133 =0 = Vg, = 2.084 V
| oo =1.6(2.084-1.2)° =1.25mA
Vepo =10-(1.25)4)=5V
() 9 =2K,lpq =2y/(1.6)L.25) = 2.828 mAN

1 . L =16kQ

T Al (0.05)L.25)
r,|Rs R, =16[4[4 =1.778kQ

0. (r|RsJR)  (2828)1.778)
= = =0.834
149, [Re|R. ) 1+(2.828)1.778)
© A :i_ozi_O.“_o:i.“_°:1(0_834):o_2085mA/v

R. v
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d) R, :—|| s|r. :—||4||16 0.3536/3.2

R, _3180

. PW (01 2
@ () K, =T (2 )(20) 1mAN

2
In = 2K,lpo =2{(1)5) =4.472 mANV
Pt 1
° Ay, (0.02)5)
r,|R. =104 =2.857 kQ

0.(L|R)  (4.472)2.857)

=10kQ

= =0.927

"1+ g, (LR T 1+(4.472)2857)

N 1 1

(i) R, :a”r0 :m”lo
R, =219Q

(b) (i) g, =24(@)2) = 2.828 MAV
Pt
° (0.02)2)
r,|R. =254 =23.448 kQ
(2.828)(3.448)

v "1+ (2.828)(3.448)

=25kQ

=0.907

4
A,: ngL 3095: gm( )
1+9,R 1+9,(4)
0.95=4(1- O95)gm:>gm_475mA/V

\/ ﬂl’l OX
4.75=2 / 0030 j _470
ﬂ
ltlﬂ DX L

4.75= (o 030)(60)1, = I, =3.13 mA
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4.39
2
IDQ = Kn (VGS _VTN)
5=5(Vgs +2)° = Vg =1V =V, =V =1V

V(8)_ s

log = =R =" =R =12k0

S
On = 2/K,lno =2,/(5)(5) =10 mA/V
1 1

T 20 kQ2
p = On(olRIR)
1+ gm(rU IRs "RL)
__(o)(20f2J2) A =0.878

~ 1+(10)(20[1.2]]2)

R, :i” || R :i||20||1.2: R,=9190Q
g 10 -

m

4.40
@ Vs =1poRs ~5=()1)-5=0= Vg =0

[

(0) g, =2 /[%j(zs)(s) 5 mAN

1 1
r _m_m_zokg
r,|Rs =20[1=0.9524 kQ

0. (r|Rs)  (5)0.9524)

" T1tg, (rJRs) 1+(5)0.9524) =0.826

© R, :gi||ro||RS =%||2o||1:> R, =165Q

(d) r,]lRs|R, =20[t]2=0.6452kQ

0. Rs[R) (5)0.6452)
- - =0.763
149, (r[Rs|R. ) 1+(6)0.6452)
4.41
1
RO :E RS

Output resistance determined primarily by g,
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Set i:0.2 kQ =g, =5mA/VV
On

g, =2/K, I

Jog =5=2/(4) 105 = 15 =1.56 MA

2

IDQ = Kn (VGS _VTN)
1.56 = 4(Vgg +2)°
Vg =-1.38V, V, =-V, =138V
1.38—(-5)
ST 156
_ 9 (RsR) _ 5(4.09]2)
1, (RJR,) " 1+5(409]2)

= Ry = 4.09 kQ

= A =0.870

4.42
(@) 9y =2,/K,lpo =2{(5)10)=14.14 mAV
11
° Al (0.01)10)
_Oaf,  (14.14)20)
Y 1l+g,r, 1+(14.14)10)

r =10kQ

=0.993

1
k) R, _a"r" T 14.14

(C) A _ gm (ro "RL)
Y1+ gm(ro"RL)

(14.14)1,|R,)

90 :mro"—RL) = <r0||R|_)= 06365 kQ

10|R, =0.6365= R, =680Q

1
———[10=0.0707210 = R, =70.2Q

4.43

‘R¢R
AVy =—lpo Rs R =- E§+|S-‘e -
S L

_ G(RIR) v
1+g 1+9,(RR) v
~log (R R, )[1+ 9n (Rs |R. ]
(

gm RS " L)

[1+ g (Rs R )]

v; (min) =

m
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4.44
(a)
Voo =Vosg + 1o Rs
3=1.5+(0.25)RS =R, =6K
V, =15V
2
IDQ = Kn (VGSQ _VTN )
0.25=0.5(Vys —0.4)’
VGSQ =1.107 V
Vg =VGSQ +Vs +1.107+1.5=2.607 V
R 1
Ve = (RlTZRZJVDD :ﬁ_ R —Voo
2.607 2%(300)(3) =R =3452K=R, =2291 K
(b)
ngS
=—0 > =2./K I, =2,/(0.5)(0.25) =0.7071 mA/V
A=t g, =2 /K =2((05)029
0.7071
:ﬂ: A, =0.809
1+(O.7071)(6) _
1 1
R =—|R.=——[|6=1.414||6
° g, (07071) |
R, =114 K
445
R —05:> On :Oi—ZmA/V

- zumw 2o

AU :ngD
20=(2)R, = Rp =10kQ

4.46
@ R, =R, =500 Q
(b) Veso =12V

_ Voo ~Vos _ 22—(Vps(sat)+0.3) 2.2-(1.2-04+0.3)

| = =
ee Rp 0.5
log =2.2MA
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©) Ipo =K, (VGSQ —Vay )2
22=K,(1.2-04)" = K, =3.438 mA/V 2
On =2,/K,lpq =2/(3438)2.2) =55 mANV
1.1 _Rr-m0
g, 55
d) A, =g,R, =(55)0.5)=2.75

4.47

2 \L 2
On =2,/K, 1o =2(4)0.5) = 2.828 mANV
A, =9g,Rp =(2.828)4)=11.3

LT, (. =10]0.3536 = R, =342Q
2.828

K,= (k—J(ﬂ) = (Ej(so) =4 mA/V?

R, =10|— =
Un

4.48
Vgs + lpgRs =5
5-V,
=—=%= K, (VGS —Viy )
S
5V = (10)(3)<V625 AL +1)
30VZ —5NV +25=0
59+,/(59)° —4(30)(25
5089 -4(30)(2)
2(30) e
lno =(3)(1.35-1)" = 1, =0.365 mMA
Vpso =10-(0.365)(5+10) = Vyq, = 4.53 V

2
Ioo

0 = 2,/K, Inq =2,/(3)(0.365) = g,, =2.093 mA/V
1

1

T 2, (0)(0365)

A =9, (R |R.)=(2.093)(5]4) = A =4.65

=
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4.49
a.

IDQ = Kp (VSG +Vip )2
0.75=(0.5)(Veg —1)° = Vyg =2.225V

5=1IpoRs +Vis = Ry =%: Ry =3.70 kQ

Vioo =10— 100 (R +Ry)
6=10-(0.75)(3.70+ Ry ) = R, =1.63 kQ

R =—
o

O = 2,[K, 15 =2,/(0.5)(0.75) =1.225 mA/V

R —— = R =0.816 kQ
1205 ————

R, =R, = R, =1.63 kQ

C.
. R, Rq .
I = i
Ro +R.\ Rs +[1/9,]
: _[ 163 j( 3.70 )i
° (1.63+2){3.70+0.816 )"
i, = 0.368i; =i, =1.84sinwt(xA)
Vo = iR =(1.84)(2)sin wt = v, =3.68sinwt(mV)
4.50
() Vo =(Vps(sat)+0.25)-V;
Vo =V —Viy +0.25-V¢, =—0.4+0.25=-0.15V
Rp = 1'8_(;0'15) =0.975kQ
(b) A, =9.Rp
6=9,(0.975)= g, =6.154 MA/V
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451
@ log=1o= Kn(VGSQ —Viy )2
2= 4V geo —0.6) = Vo =1.307V
Vo =Voso ~Vesg =35-1.307 = 2.193 V

33-2.193

Rp =0.554kQ

(B) 9n =2/K,lpq =2,/(4)2) =5.657 mAV
1 1

'"g, 5657
© A =0,(Ro|R.)=(5.657)0.554]4)=2.75

=R, =177Q

452
@ Ipg =K, (VSGQ +Vip )2
1.2 =25, 0.8 =V, =1493V

V' —Vgo 33-1.493

s=
|

=151kQ
DQ

Vipg =6.6—15(Rs +Rp )= 3=6.6-1.2(1.51+ R, )= R, =1.49kQ

() 9 =2K,lpq =2{(25)1.2) =3.464 mAIV

A, =9, (Ro R, )= (3.464)1.49]4)=3.76
453

< [Wi,
@ \/K: VW,
=25

So (ﬂj =2
L D

From Example 4.11,
~ (3.3-0.6)+(0.6)1+5)
GSDt — 1+5

oo =108 06 025

AU

=105V

) 1o {ﬁj{ﬂj[)(vem Vo ) :(%J(zs)(o.szs—o.e)2

2 L
l 5o =0.0633 MA
Now 1o =10,

(WTJ (VGSDQ _VTN )2 = (WTJ (VGSLQ _VTN )2
D L

25
T(VGSDQ _VTN ):VDD _Vo _VTN
5(0.825-0.6)=3.3-V, - 0.6

OF Voo =Vo =1.575V
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454
(@) Neglect A4 in dc analysis.
Transition points:
For point B,

Vo =Vpp —Vpy | =5-08=42V
For point A,
lop = loL
KnD (VGSDQ _VTND )2 = KnL (VGSLQ _VTNL )2
0.2Vcuog -0 = (02J0- (-8

S0 Vegng = %(0.8)+ 0.6 =0.9266 V

Then Vg, =Vespo — Vo =0.9266 0.6 = 0.3266 V
For point A: V,, =0.3266V, Vg, =0.9266 V
For point B: Vg =4.2V, Vg, =0.9266 V
(b) Vgspp =0.9266 V,

Vosog = &2'326%0.3266 ~ 22633V

© oo = Koo Vesng ~Vio ) = (1.2)0.9266-0.6)* =0.128 mA

@ A =0uo(roo]roc)
1 1

= = = :3906kQ
foo = oL Al (0.02)0.128)

Ono = 2y/Kplpg =2/(1:2)0.128) =0.7838 mA/V
A, =—(0.7838)(390.6[390.6) = 153

4.55
(@) V;, =06V
Ip = Kn(VDS Vi )2
05=K,(1.5-0.6)° = K, =0.6173 mA/V?
1 dl,
== = 2K, (Vps -V
r dVDS n( DS TN)
Then r= ! L

- =900Q
2K, (Vps —Viy)  2(0.6173)1.5-0.6) =T

(b) 1, =(0.6173)3-0.6)" =3.56 A
1

= =1 =337Q
' 2(0.6173)3-0.6) =T
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4.56

a.
2

log = Koo (Vas ~Vio )* =(05)(0—(-1))
|DQ =0.5mA

IDQ = KnL (VGSL _VTNL )2 = KnL (VDD _Vo _VTNL )2
0.5=0.030(10-V, -1)°

/ﬂ =9-V, =V, =492V
0.030 e

loo = loo

KnD (Vi _VTND )2 = KnL (VDD _Vo _VTNL )2

Kﬂ
K . (Vi _VTND ) :VDD _Vo _VTNL
nL

’K
Vo :VDD _VTNL - K_HD(Vi _VTND)
nL
AV_dVO Ko (W/L),
v, VK, (WL,

50

A=—20 A - 408

0 -

4.57
(@)
IDQ = KL (VGSL _VTNL )2 = KL (VDSL _VTNL)
I, =(0.1)(4-1)" =0.9 mA
IDQ = KD (VGSD _VTND )2
0.9 = (1)(Vaeo —1)° = Vggp =1.95 V
Vg =Vasp +Vog =1.95+4 =V, =595V

2

loo = loo

KD (VGSD _VTND )2 = KL (VGSL _VTNL)

, K
K_D (VGG +Vi _Vo _VTND ) :Vo _VTNL
L
K K
Vo [1"' K_DJ = K_D (VGG +Vi _VTND ) +VTNL
L L

a8 JK 7K, o A- 1
dv, 1+ /K, /K, 1+ JK /K,

2
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(c) From Problem 4.55.
1

2KL (VDSL _VTNL)
1
~2(01)(4-1)
On = 2/Kolno =2/(1)(0.9) =1.90 mA/V
90 (RollR) _ (1.90)(L67]14)
L+, (R IR)  1+(1.90)(1.67]14)

Rop =

=1.67 kQ

A =

= A =0.691

4,58
a. From Problem 4.57.

g, (RolIR)  (190)(1.67]110)

A T 0. (RO IR L+ (L90)(L6710)
A =0.731
b.
1 1
R, =—|R, =——1.67 = 0.526 || 1.67
0 gm LD 190H ”
R, = 0.40 kQ
4.59
(a) Av =—0mp (roD "roL)
1 1
foo Aolog  (0.02)0.5)
-t -1 __5ka

Alpo  (0.04)0.5)
oo |Fo. =100[50 = 33.33 k2
Then —40=-9,,(33.33)= g, =1.20MAIV

Yo = 2\/(%j(WTjD(' 00)

1.20=2 (%j(WT ] (0.5) = (WTJD =14.4

kl
() I _[_p]( 1 VSGQ +Vip )2

2
(Os j(50 Weso —0.4f = Vo =1.107V

Vgo =V " —
1.107=25- vB =V, =1.393V
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4.60
. 1 1
a) () rg = = =100k Q
@ O feo Aolog  (0.04)0.25)
r, = L 1 _o00k0

Ao (0.02)0.25)
oo |For =100]|200 = 66.67 k Q2

Au =—0Om (roD "roL)
~-25=-g,,(66.67)= g,, =0.375 MA/V

2 (VB _VTN )2
0.1 )
0.25= (7](10)(VB ~0.4) =V, =1.107V
ko YW
(iii) 1pq = (TDJ(TJD (VSGDQ +Vip )2
0.25= (0'—24](7.03)(VSGDQ ~0.6) = Vo =1.933V
. 1 1
®) ) Feo Aolog  (0.04)0.2)
1 1
fol Alpe  (0.02)0.2)

oo o = 250500 =166.7 k 2

Au =—0mp (roD "roL )
~-25=-g,,(166.7)= g, =0.15 MAV
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(i) 1oq = (k?j[wfj (Vg Vi )’

0.1= (7j 10)V, —0.4)* =V, =0.874V

o
[y

(i) 1o = (k? (L) Vecag +3 )

0.1:(%)(2.81)@SGDQ ~0.6) = Vo =1.934V

4.61
85 .
Ky =| 5 |(50)=2.125 mAV

O = 2K, 1o, = 2,/(2.125)(0.1) = 0.9220
1 L 00k

o L, (0.05)(0.)
Lo 1 i3k

r, =
7 Al (0.075)(0.1)
A = =0 (Il 1,,) = —(0.922)(2001]133.3)

A =-73.7

4.62
kl
4= _P(ﬂ] - [@j@o) = 1.0 MA/V?
2\ L 2
Om = 2\/Kp1ID1 =
1

2,/(1)(0.1) = 0.6325 mANV

1
= =133.3K
LY (0.075)(0.1)

LI L =200 K

r, =
" Al (0.05)(0.2)
A =0 (]lr, ) = —(0.6325)(133.3]| 200)

A =-50.6

4.63
@ Ipp=1Ip
KnD (VGSD _VTND )2 = KnL (VGSL _VTNL )2

,/O—i_)(v, -V, -04)=V, -0.4

2V, -0.8=3V, —0.4

f2h-fo
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ForV, =08V, V, =04V
ForV, =25V, V,=1533V

(b) o =Ky (VGSL —Vin )2 = (0'5)(\/0 _0'4)2

Yoo e s

ForV, =08V, I, =0; ForV, =25V, I, =0.642mA
(c) From (a), voltage gain = constant = 2/3 = 0.667

2

4.64
(a) Vg (sat)=Ve +Vip =(25-1)-04=11V

Vg =V =Vy =V, (max)=V " -V (sat)=2.5-1.1=1.4V

(b) ( J[ ]
(©) [ OJE j sop +Vrp )’

0.121= ( j(so)(vSGD 0.4 =V, =0.748V

d) gnp =2 (k—pJ(ﬂj Iy =2\/(OO4](50)(0 121) = 0.6957 MA/V
\/ 2 \LJ, 2
1

1
- =330.6kQ
21, (0.025)0.122)

i 0o (Fooffo)  (0.6957)165.3) _ 0.9914
RETTIN ( ||roL) 1+(0.6957)165.3)

L +Vie ) :(0;)4)(5)(25 1-0.4)* =0.121mA

roD = ro

4.65
(a) I DQ — Kn (VGSDQ _VTN )2
1= 2Vggpq 0.6 = Vegpg =1.307V
Ipg =Ky (VSGLQ +Vrp )2
1= 0505510 —0.6) = Vg o = 2014V
Vo, =3.3-2.014=1.286 V
Viospo =Vo —Vs =1.286 —(~1.307)=2.593 V
(o) 1y=1,
ImoVi = Im Vo
Vo 0w _ [K0
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4.66
(@)

Ky = (8;)(50) = 2.125 MAIV?

O = 2Ky lp; =2,/(2.125)(0.1) =0.922 mANV
1 1
- - =200 K
o s (0.05)(0.1)
1 1
= = =133.3K
o (0.075)(0.1)

(b)

! :L:1.085 K

R_ =
" g, 0922

1.085+0.050

R.
V= —(—'1jvi = —(&)vi =—0.956V,

R, +0.050

A == (1 ||r02)-% = +(0.956)(0.922)(200)(133.3)

A =705

R, =0.05+ ! 005+t o R =1.135K
g 0922  ——M—

(C) mi

d R, ~ I, |r,, =200[133.7= R, ~80 K

4.67

(@)
O = 2\/KnlDl = 2\/(2)(0.1) =0.8944 mA/V
O = 2\/Kp Iy, = 2\/(2)(0.1) =0.8944 mA/V

1 1
=r,=—=—-"——=100K

o=l =21, T (00)(0.0)

(b) The small-signal equivalent circuit
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@)

(c) For output resistance, set

°\50 100

g lei +ng 2

r

02 I

ol 02

1

08944 Vi + 0 (O 03317)(7"1‘0 8944+R =

0.8944 V, =V, (0.01-0.03033)

o= a4

V, =0.

11 1
v (—+—J :ngz(m+0.8944jz>vsgz =V, (0.03317)

1 1) v,
— 40, t— =%
.

Vx _ng 2

ngngZ + Ix =

0 02

ng 2

V X
+ gm2V5g2 r—: 0

ol 02

1 1 \Y,
V., —+ +— ==
2 [ r‘o]. gmz roZ j r‘02

Vg, (1+08944 1] Ve
00 100/ 100

V,,, =V, (0.010936)

el Bl
r-02

= x( j 0010936)(i+0.8944j
50 100 100

(0.03-0.0098905)

X

R,=—+=49.7K

o
|

<
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4.68
(a) IDQl = Knl(VGSQl _VTNl)2
0.2= 0.2V ~0.6f = Veeoy =16V

o2 =Ko, (VSGQZ +Vip, )2
0.5 =10 g0, —0.6)* = Voo, =1.307V
0.6
Ry =— =3kQ
02
Vp, =06+2=26V

Rp, = 5;2'6 =12kQ

Vi, =Vggor +0.6=1.6+06=2.2V
R 1 1
Vg, =2.2= 2 |(5)=—-R,,-(5)=—(400)5
=22 )R (9= - aool)
Or R, =909kQ and RR, =R, =400kQ = R, =714kQ
Vs, =V, +Vigo, = 2.6 +1.307 =3.907 V

5-3.907
Reo =—F7—

=219kQ

Vo, =V,, -3=3.907-3=0.907 V

~0.907

Rp, =1.81kQ

(0) G =2y/Kilpor =2¢(0.2)0.2) =04 mANV
Ono =2y/K 1o =2,/1)f0.5) =1.414 mANV

A, :(_gmlRDl)(_ngRDZ): 9mImRo1Ro2
A, =(0.4)1.414)12)1.81)=12.3

4.69
@ 1 por = Kt (VGSl _VTNl)2
0.1=0.2(Vgg; —0.8)° = V0 =1.307 V
log2 =Ky, (VSGQZ +Vop )Z
0.25=1.0(Vg50, —0.6) =Vgq, =110V
Ve; =Vesor + 1 porRsr =1.307 +(0.1)(1) =1.407 V
R 1
Va :(&TZRZJ'VDD :R_. Rin Voo

1

1.407 = Ri(zso)(s.s): R, =586 kQ

1
R|R, =R, =250kQ = R, =436 kQ
Vi =l pgiRs1 +Vpsor = (0.1)1)+1.2=1.3V

Rm:%ﬁom
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Vg, =V, +Veeqr =1.3+1.1=2.4V

33-24
52 0.25
Vp, =Vs, —Vepgr =2.4-1.8=0.6V

—£=2.4k§2

®2 7 0.25
(0) G = 2y/Kul pu =2y/(02)0.1) = 0.2828 ANV
Umz = 2Kl pgo =24/(1)(0.25) =10 mANV
A, = 9 9msRoiRo, =(0.2828)1.0)20)2.4)=13.6

=3.6kQ

4.70
0.0

=

j(zo) =04 mA/V?

KnZ

=
|

j(so) =4.0mA/V?

o o
ow'\’|;_\m

@ Rg =—-—>=6kQ

Vp, =1.8-06-1=02V
0.2-(-1.8)
0.1

loor =Ky <VSGQl +Vop )2

0.1=0.4(V 50 —0.4) = Voo, =0.90V

I DQ2 = an <VGSQ2 _VTN )Z

0.3= 4V gs0, —0.4)f = Voo, =0.6739V

Vg, =1.8-0.6-Vgeo, =1.8-0.6-0.9=03V

vm:[ R, J(3.6)—1.8

R, +R,

o

Rp, = =20kQ

0.3= %(200)(3.6)—1.8 = R, =343kQ

1
R,|R, =200kQ = R, =480 kO
Vp, =1.8-0.6-1.0=02V
Vg, =V, —Vgsgz =0.2-0.6739 = -0.4739 V
_ —0.4739-(-1.8)
0.3

b) A :[_gmlRDl J( Im2Rs, ]
" \1+9mRy N1+ 9,Rs;
Om =2,/K 1l oo =24/(0.4)0.1) =0.4mAN

O = 24Kl pge =24/(4)0.3) = 2191mANV

_—(0.4f20) (2.191)4.42)
" 1+(0.4)6) 1+(2.191)4.42)

Rs, =4.42kQ
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1 1
© R, = E||RSZ = m||4.42 =0.4564]4.42 = R, = 414Q

4.71
(@)
10-V,
IDQl = R—GSl = Knl (V(351 _VTN1)2
S2
10-Vgg, = (4)(10) (Vs — Vs +4)
40VZ, 159V, +150 =0
159 +,/(159)" - 4(40)(150)
GS1 — \/( 2(40) ( ) :>V651 =2435V
logs = (4)(2:435-2)" = 15, =0.757 mA
Vpsor = 20— (0.757)(10) = Vg, =12.4 V
Also 1y, =0.757 mA
Vpsoz = 20—(0.757)(10+5) = Vg, =8.65 V
) Im T Om = 2,/Klog =2{/(4)(0.757) = gy = gy, =348 MA/V
C.

Vo = _(gmzvgsz)(RD "RL)

Voo = (_gmlvgsl = OnaVeso )( Rat[Rs2)

Vi =V =V Vg =V Ve,

Visz T OmaVes2 (Rm "Rsz ) = Om (Vi Vs )(R51 "Rsz)

Visz + InVesz (Ro[Rs2 )+ 9miVosz (Rt [Re2 ) = = 9mVi (Res[[Rs2 )

3 ~0nVi (Rsu[Rs2)

14 Gy (Rea[Rez )+ O (R [Rs2 )

Vo _ 9mOn (Re:[Rez)(Ro [R.)

A=y = 14 (G + 9z ) (Res [R5
i ml m2 S1 S2

(349)" (10[10)(5J2)

1+(3.48+3.48)(10]10)

gs2

= A =242
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472
a.
o =3 MA

Vg, = lpoRs ~5=(3)(L2)-5=-1.4 V
2
IDQ = K1 (Ves _VTN )
3=2(Vgs —1)" = Vg =2.225V
V,, =V +V,, =2.225-1.4=0.825 V
Vo=|— 5 |(5)=0825-= (ij@) = R, =825 kQ
R +R,+R, 500 =
Vg =Vi; +Vpgqq = -14+25=11V
V,, =V, +Vy =1.142.225=3.325 V
R, +R R, +R
Vg, =| —2 s (5)=3.325= (Lj@)
R +R,+R, 500
R, + R, =332.5= R, = 250 kQ
R, =500-250-82.5= R, =167.5 kQ
Vi, =V, +Vpgp, =114 25=3.6 V

R, _5-36 R, = 0.467 kQ
3 e —

b.
A =-9uRp
O = 2K, 1o =2,/(2)(3) =4.90 mA/V
A, =—(4.90)(0.467) = A, =-2.29
4.73
a.

Vg, = lpoRs —10=(5)(2)-10=V,, =0

IDQ = Kl (V651 _VTN )2

5=4(Vgg, ~1.5)" = Vg, = 2.618 V

Vg; = Vg +Ve, =2.618 V = IR, = (0.1)R, = R, = 26.2 kQ
Vou =Vi; +Vpgey =04+35=35V

Vg, =V, +Vg =3.5+2.62=6.12V

=(0.1)(R, +Ry)

R, +R, =61.2 kQ = R, =35 kQ

Vo, =V, +Vos, =3.5+3.5=7.0V

R, :mT_7:> R, =0.6 kQ

- 10-6.12

i 0.1

=R =38.8kQ
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b.
A =—9mRp
Ui = 2fK,15g =2,/(4)(5) =8.944 mA/V
A =—(8.944)(0.6) = A =537
4.74
a.
V 2
| | 1—ﬁ]
DQ DSS VP
V 2
4=6/1--5 J
[ (-3)
4
Vg = (—3)[1— \g} =V, =-0.551V
VDSQ =VDD - IDQ RD
6=10—(4)R, = R, =1kQ
b.
2(6 -
On _ 2loss. 1—\ﬁ :Q[l— 0551) = g, =3.265 mA/V
(V)L VY, 3 -3
r,= ! 1 =1, =25kQ

Ao, (001)(4)
¢ A =-9,([Ro)=-(3265)25L)= A, =-3.14

v




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 4
Problem Solutions

4.75
Ves + IDQ(R51+R52):O
2
V,
IDQ = IDSS (1_%J
Vs + oss (R51+Rsz ( VG:]
Vgs +(2)(0.1+0.25 ( —V&]
P
2 VS
Vg +0.7|1-285 4S5 1=0
GS [ (_2) (_Z)ZJ
0.175V2 +1.7V, +0.7 =0
~1.7+4/(1.7)* - 4(0.175)(0.7
= \/( ) 4 )(07) =-0.4314V
2(0.175)
g 2oy Ve :@(1_ ‘0'431j:> g, =1.569 MA/V
v, v, 2 -2 -
—g (R,IIR) —(1.569)(8
o Ge(RolR)_—(so)(Ble)
1+g,R,  1+(1.569)(0.1)  ————
A =|-_0= (Vo/RL) =V_0&=(—362)(@j:> Ai =-45.2
i (M/Rs) v Ry 4) ——
4.76
|
I = DZSS =4 mA
Voso :V%zlo Vv

VDSQ :VDD _IDQ(RS +RD)
10:20—(4)(RS +RD):> Ry +R, =25 kQ
Vo=2V-= IDQRS =4R, = Ry =05 kQ, R, =20 kQ

VP

4= 8[1— (Yfz)jz =V = (—4.2)(1—\/3 = Vg =-1.23V

Vg =V, +Vg =2-1.23

100

V, =077V :( R, j(zo) =(ﬁj(2o): R,=385kQ, R =96.2KQ

Ri+R,
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4.77
a.

lpg =2 =5mA

2
Voo 12
R, =%:> R, =1.2 kQ

2
V,
IDQ = lpss (1_VL:J

2
5=10(1—%J =V, =(—5)£1—\/%J =V, =-1.464V

V, =V, +Vg =6-1.464 = 4.536 V/

R 1
Vs = 2 Vo, =—-R -V
¢ (R1+R2j oo R " oo

4536 = Ri(loo)(lz) — R =265 kO
1

265R,
265+R,

=100 = R, =161kQ

gm -
(_VP

1 1
= = =20 kQ
o= 0.01)(5
DQ

a(oRIR)
o (6]R[R.)
(2.83)(20[1.2[0.5)
1+(2.83)(20[1.2]05)
1 1

R, =—[Rs =—Hl.2 =0.353|L.2= R, =0.273 kQ
g, 2.83 —_—

v, 5

= A =0.495

_ 2l 1_Vﬁ =@(1_ﬂJ:g =2.83 mA/V
) 507
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4.78
a.
R 110
Vg =| —2— |V, = 10)=5.5V
¢ (R1+RJ o (110+9oj( )
10— (Vg —Vgs) VRS
IDQ :R—s: IDSS _W
V 2
10-5.5+V, =(2)(5)] 1- %=
+Ves = (2)( )( 1.75)
4.5+Vys =10(1-1.143V,; +0.3265V )
3.265V2 1243V, +5.5=0
12.43+,(12.43) - 4(3.265)(5.5
s = ‘/( 2(3) 265)( )(55) =V, =0511V
2
lng :(2)(1——01'57151j = 1y, =1.00 mA
Vepo =10-(1.00)(5) = V5o =5.0 V
b.
2(2
O :ZI—DSS(l—Vﬁ] :Q(l—@j: g, =1.618 mA/V
V, V, ) 1750 175
R [R 1.618)(5(10
A/z gm( S" L) — ( )( " ) :>A\/=0844
1+9,(Rs|R) 1+(1618)(5[10) ——
_il_(VO/RL) A [ R
A= i (%/R) =A R,
R =R R, =90[110 = 49.5 kQ
A= (0.844)[@j = A =418
10 ) ——
C.
\;-—-- AC load line
0f————————=
5.0 10
Ai, =1.0 mA

vy =(3.33)(1.0)=3.33V
Maximum swing in output voltage = 6.66 V peak-to-peak
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4.79

2
Vv
=1 1—ﬁj
DQ DSS[ v,
Vo Y 4
4:3( _%j =V, :4(1_ /§]:st$ =117V

Vsng = Voo ~ Ing (Rs + RD)
7.5=20-4(Ry +R, )= Ry + R, =3.125 kQ
i _2loss [y Vos :@(1—£j =g, =2.83MA/V
Ve Ve 4 4
Ry =3.125-R,
_ _ngD
A\/ - 1+ ngS
-3(1+9,Rs ) =—9.Rp
3[1+(2.83)(3.125-R; )| =(2.83)R,
9.844-2.83R, =0.9433R, => R, =2.61kQ R, =0.516 kQ
Vs =20—(4)(0.516) =V, =17.94 V
Vg =V, =V =17.94-1.17=16.77 V

v, =R _v {i)(zo): R, =335kQ. R, =65kQ
R +R, 400
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Chapter 5

5.1
(@) ig =(1+p)g :>l+,8=%=116:>ﬂ=115

p 15 0.9914

o=—=
1+4 116
o =i —iy =325-2.8=322 A
1.80
b) 1+f=——=90= =289
®) 4 0.020 g
o=~ 0.9889
90

ic =1.80-0.02=1.78 mA

5.2
i
(a) a=_£=%=0.9918
IE
. 0.9918 _ -,

l—a 1-09918
iy =i i, =732-726=6 4 A
®) a=2292_09501
2.961

B= a  0.980074 ~ 4919

l-a 1-0.980074
i, =2.961-2.902 =i, =59 u A

5.3

£=110 azlﬂﬂ=%=0.99099
=110: +

180
B =180: a —m—0.99448

0.99099 < & < 0.99448
b o =Fla=110(50 uA)=>I¢ =550 mA
e =180(50 uA) = I =9.00 mA

550< 1. <9.0 mA

(a) For

For

SO
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5.4
o i 125 .
a) ip=——="""=i, =828 A
(a) Ig 144 151 B H
ic = b i = 150 (1.25)=1.242mA
1+ 151
150

oa=—-=0.9934
151

® i :%:is _558uA

ic = (%}(4.52) = 4.46 mA

=20 09877
81
5.5
(a)
p p=—%
-
0.9 9
0.95 19
0.98 49
0.99 99
0.995 199
0.999 999
(b)
s a=L
1+p
20 0.9524
50 0.9804
100 0.9901
150 0.9934
220 0.9955
400 0.9975
5.6
| 1.2
a) ly=—"—="=1,=148uA
@ lg=17 TR H
lc = b . :[@ (12)=1.185 mA
1+ 8 81
=20 0.9877
81

Ve =5-(1.185)2)=2.63V
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® 1,=281, —983uA
81
lo = [Z—?J(OB) =0.790 mA
o =0.9877
Ve =5-(0.790)2)=3.42V
1.2
) lg=—"=1,=992uA
© ) le=17=1s H
120
le =| —=1(1.2)=1.19mA
(133 )02)

a=220_ 09917
12
Ve =5-(1.19)2)=2.62V

0.8
i) l,=— =1, =66luA
(i) Ig o1 B U

120
l. = —(0.8)=0.7934 mA
. (mj( )

a=0.9917
Ve =5-(0.7934)2)=3.41V

5.7

\Y
. =1, expl =&
E Eo p( v, J

v
0.80x107 = (5x107* )exp( = J

T

0.80x10°°
Then Vg = (0.026)1{W] =0.6109V

5x1

po @ _ 09910 _
l-a  1-0.9910
lc =aly =(0.9910)0.80)=0.7928 mA

| :
e 080y _921uaA

ly =——
P 1+ 111
Ve =5-1cR. =5-(0.7928)2)=3.41V
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5.8

1, =272 123 uA
61

I = (0. 75)(2?) 0.738 mA

a= L 0.9836
61

Ve = IR, —10=(0.738)(5)~10
@ Ve=-631V

1.5
l, =—=124.6 uA
8~ %1 H

(15)( j—1475mA

[6 j 0.9836

Ve =(1.475)(5)-10=>V, =-2.625V
V. <0

a

(b)
(c) Yes,

in both cases so that B-C junction is reverse biased.

5.9
(@) Ve =1.(5)-10
—12=1.(5)-10= 1, =1.76 mA
e 1.76

lp =—=——=1.785mA
a 0986

lg=lc—1o=1785-1.76 =1, =25 u A
Vv
(b) lg=lg eXI{ VEBJ

T

v
1.785x107° =2x107" exp| —=
VT

1.785x107
Ve, =(0.026)In| ———— [=0.7154V
es = ) ( 2x107" j

5.10

. .61
ic =l exp(l\)/BE ] = <5x1015)exp[%j
i .

=937 uA

937
i =0.7495 u A
57 125 a

=(126)(0.7495)=94.44 11 A
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5.11

Device 1: e = 1g,€" M =0.5x107 = I g%
So that

Iy, = 6.94x1075 A

-3 _ 0.650/0.026

Device 2 122¥107 =1 e
Or

I, =1.69x10™" A

. I 1.69x107" .
Ratio of areas = %2 = 69X—0% = Ratio=24.4

I,  694x10°  — =

5.12
For transistor A:

275%107°

vge (A)=V, 1n(|'—°J = (o.oz@m[TJ =0.6906 V

SA 8x1

For transistor B:
I =4lg =4(8x107°)=32x10" A

-6
vge (B)= (o.ozé)h{m

ST ] =0.6546 V

5.13
. D,
(@) ic= |Co[1+VLAEJ
0.6=1g, [1+%] = I, =0.58537 mA
At b =5V
ic = (0.58537)(1 +ij =0.622mA
80
A —
(b) 1, ==t = >—2 =r, =137kQ
Aig  0.621956-0.60
5.14
BV,
BVeeo = == %
Ip Moo

BV, =129V
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5.15

BV
BV, = _—cBo

56=@:Q/E=@=3.93

i/ﬁ

S =60.6

5.16

BVCBO
B
BVegy =(BVero )38 =(50)3/50

BVceo =

BV g, =184V

5.17

(@)

(b)

(©)

(d)

:L(_lo):186mA

IE

75
I —(1.86)(%)—1.836mA
V. =-07+4=33V

- 10-3.3
1836

= 05 =0.00658 mA

76
V, = 15R, =(0.00658)(25) = Vg = 0.164 V

I :(0.5)(%20.493 mA

=R, =3.65K

C

IB

~1-(=5)
R, = =R, =8.11K
0.493

|
O=-5(10)+0.7+1.(4)-8
2£(10)+07+ 1¢ (4)
73=1¢(4+0.132)= I, =1.767 mA
75
lc =(1.767)| — | =1.744 mA
o =767 221244 m

Vee =8—(1.744)(4)—[(1.767)(4)—8]
=16-6.972-7.068 =V =1.96 V

5:|E(10)+(;—E6j(20)+0.7+|£(2) 1, (10+0.263+2)+0.7

I =0.3506 mA = I, =4.61 A

V, =5-(0.3506)(10)
Ve =149V
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5.18
For Fig. P5.17(a), Rg =5+5%=525kQ2

~—0.7-(~10)
525
I, =1.75 mA
R, - 10-3.3
1.75
R. =5-5%=4.75K
_—0.7-(~10)
475
I, =1.93 mA
R, - 10-3.3
1.93
Sol1.75<1,<1.93mA 347<R.<3.83K

For Fig. P5.17(c), R =4+5%=4.2kQ
| __ 8-07
®10+(76)(4.2)
le =1.69 mA

Vee =16—(1.66)(4)—(1.69)(4.2)
=16-6.64-7.098= V, =226V
Re =4-5%=38K
| __ 807
®10+(76)(3.8)
l. =1.86 mA
Ve =16—(1.83)(4)—(1.86)(3.8)
=16-7.32-7.068
Vee =1.61V
S01.66<1. <1.83mA 1.61<V, <226V

=1.77 mA

E

=3.83K

=196 mA

E

=347K

=0.0244 1. =183 mA

=0.0222 mA 1. =1.66 mA

5.19
(@) Vee =1cRe +Vee

lc = 2'5;1'1 =0.35mA

\
l. =1.ex BE
c s P( v, j

-3
Ve =Vgg = (0.026)11{0‘535;10] =0.7091 V
X

107"
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Vee Vee  25-1.1

(b) lg = =0.7 mA
RE
1o =| 2|1, =[22)0.70)= 0.6923 ma
1+ 5 91
0.6923x10~
Ve =(0.026)In) 222X |_ 07269 v
o =(0026) ( 5x10716 j

Vg =Vee + 1eRe =0.7269+(0.7)2)=2.127 V

lc =0, Vg =2V
I =plg =(120)2)= 1. =0.24mA
Ve =2-(0.24)4)=1.04V

() lg= 14707 35mA

120
|. =] — 10.35)=0.3471 mA
. (mj< )

Vee =2-(0.3471)(4)—(0.35)2)=—0.088 V - Not possible

Transistor in Saturation
Ve =02V
Ve =07V =V, =09V

:%: 0.275 mA

lc

5.21
2-(0.7+0.2)
| == =)
(@) g 15

I = (LJ I, = (@j(mm): 0.7273 mA
1+ 8 121

Vee =V =09V
(b) g =/l =(120)15)= I, =1.8 mA - Not possible

Transistor in saturation
Ve =02V

le 2702 oma
1.5

=0.7333 mA

le =lg—1y=1.2-0.015=1.185mA

(c) Transistor cutoff
lc =0, Ve =2V
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5.22
Vgs —Vge (0n) 1.3-0.7

a) ly=-—2 "BEVJ R = =120kQ
@ o R ® " 0.005

B

leg = Blao =(100)0.005)=0.5mA

Re :ﬂzgkg
0.5

(b) For =75, 1o, =(75)0.005)=0.375 mA
Ve =3-(0.375)3)=1.875V
For f=125, 14, =(125)0.005)=0.625 mA
Ve =3-(0.625)3)=1.125V
So 1.125<V <1.875V

5.23
(@)
Ve _—(-1)
Vy=—I,Ry =1, =—e "
B B''B B RB 500
l, =2.0 uA
Vo =-1-07=-17V
Vo —(-3) -
|, =% (53) _=17+3 5708 ma
Re 48
I 0.2708
e o (14 4) =220 1354 p=1344
I, (+8)="50m p=1344

a= s = a=0.9926
1+ 4

I =Bl = I, =0.269 mA
Ve =3-V, =3—(-1.7) >V, =47 V

(b)

—4
=5—:> I =0.5mA
2

IE

4=0.7+13R; +(lg+1.)R. =5

g+l =1,
lg+1c =1,
4=0.7+1,(100)+(0.5)(8)-5

I 0.5
I, =0.043=-E=(1 =—" =11.63
8 =7 (1+4) 0.043

B

f=1063, a=—L"_=a=09140
" 1+p
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5.24
5-V Vg —0.7)+5
@ 1=3Ve y Wez07)es (B, _(90)
10 3 1+p 91
5-V Vg +4.3
Then ~—ve [0 Ye 431 oy _ 536V
10 91 3
I, - —2.136;0.7—1—5 —0.721 mA

(b) VCE:10_|C(1O)_I (3)

2=10-1 [3+[30j(10)}:10—IE(12.89)

Then I =0.6206mA
And Vg =0.7+(0.6206)3)-5=-2.438V

5.25
(@ I _33-08 =0.245 mA
10
0.85-0.7
l,=—" " . =3uA
B 50 B H
lo =lg -1 =0.245-0.003 = 0.242 mA
I
ﬂ=_0=0242_8067
. 0.003
B 8067—09878
1+,B 81.67

V¢ =(0.242)10)-3.3=-0.88V
Ve =0.85-(-0.88)=1.73V
(b) B=(80.67)1.10)=88.73
5 _Ve=07 L - 3.3-V,
50 10

3.3-0.8371
LT

Ve —0.7
:(89.73{ E50 J =V, =0.8371V

=0.2463 mA

(88 73
IC

89.73
V¢ =(0.2435)10)-3.3 = —0.8645V
Ve =0.8371-(-0.8645)=1.70 V

j(o 2463) = 0.2435 mA

5.26
5-0.7

2707 170 A
250 oM
(120)

V. =(2.06

Vee =5-(-

(0.0172) = 2.064 mA
4)(1.5)-5=-1.90 V
1.90) = Vg, =6.90 V
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69 0y,

5.27
50
lc =| —[(1)=0.98 mA
(2o
V. = IR, —9=(0.98)(4.7) -9 or V, =—4.39 V
I =L=0.0196 mA
51
Vg = 15R; +Vgg (0n) =(0.0196)(50)+0.7 or V, =1.68 V
5.28

Ie :(ﬂj(o.s) =049 mA, 1, = 2> = 0,0098 mA
51 51
Ve = IgR, +Veg (0n) = (0.0098)(50)+0.7 or Vg =1.19 V
Ve = IR —9=(0.49)(4.7)-9=-6.70 V
Then Vg, =V, —V, =1.19—(=6.7) = 7.89 V

P, = 1 Ve + Vg = (0.49)(7.89)+(0.0098)(0.7) or P, =3.87 mW

Power Dissipated = P = 1, (9-V; ) =(0.5)(9-1.19)

P, =3.91mW
or =7

5.29
I, =, =%:» I, =1, =0.5mA

le; = l¢, 0.5 mA
Ve, =Vg, =5-(0.5)(4) =V, =V, =3V

5.30

REZO IB: ’ :1R—3
B

I :(80)(%3]: =2 _08=R. =3.75K
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R.=1K I, :%:0.010mA I =O.8(%)z0.81mA

2=(0.010)(R,)+0.7+(0.81)(1)= R, =49K

b) 5= (0.8) R. + 2+(0.81)(1) = R.=274K
5 = 2707 _ 01 mA
(c) For part (a) 130

I, =(120)(0.01) = 1. =1.20 mA
Ve =5-(1.2)(3.75) =V =05V
For part (b) 2=15(49)+0.7+(121)14(1)
Iy =0.00765 mA, Iz =0.925 mA, |, =0.918 mA
Vee =5-(0.918)(2.74)-(0.925)(1) =V, =1.56 V

Including Re result in smaller changes in Q-point values.

5.31
Vee -V -
(a) Re=-cc e 2793 440
leo 0.25
I =%: log =3.125 1 A
Ry =—— 2R, =2.656MQ
0.003125

(b) e =(120)0.003125)=0.375mA
Veeo =9-(0.375)18)=2.25V

5.32
(@ lg=1g=0, V=6V
®) I, :@:0.2 mA, I, :[%j(o.z):o.wsmA
Ve =6-(0.1987)10)=4.013 V
(c) |E:@:O.8m
Transistor in saturation
Ve =1.5-0.7+02=1V
Ic =E=0.5mA
10
(d) IE:@:LSmA
Ve =22-07+02=17V
_871T g 43mA

|
0
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5.33
Vg =0.
CutoffV, =| —t_|v_ = (ij(s)
R. +R, 10+5
V,=333V
a.
Vg =1V
1-07

l,=——=6uA
B 50 2

e = Bl =(75)(6) = I = 0.45 mA

5.34
(a) £=100
lo=0.1mA I = [%}(0.1) =0.0990 mA
i Vo~ 5-(0.099)(5) =V, = 4.505 V
; Vo =400V
100
101

Vo =5-(0.495)(5)= V,=2.525V

o, =05mA I, :( j(O.S) =0.495 mA

(i)
IQ =2 mA Transistor is in saturation

=V, (sat)+Ve (sat) =—0.7+02=V, =05V

150

(iii) Vo
v P=

lo=0.ImA I :(%J(O.l):0.09934 mA

Vo =5-(0.09934)(5) = V, =4.503 V
4.503—4.505

% change = —————x100% = —0.044%
@) 4.503

lo=05mA I =(%}(o.5) = 0.4967 mA

Vo =5-(0.4967)(5) =V, =2.517V
% change = wx 100% =-0.32%
T 2.525
(i)
I, =2 mA Transistor in saturation
V,=-85V  No change

(iii)
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5.35
(a) Icz%:O.ZOmA
121
lo =1 =] — |(0.20)=0.2017 mA
e F (qu( )
(b) |C:5%2:0.60mA
121
=1, =| —1(0.60)=0.605mA
o=1e=[ 12 Joso)
() I :%:I.OmA
121
I, =1, =|—[1.0)=1.008 mA
o=1e=(12 )00
5.36
- P,=0
For lo =0, then 2

IQ:QSmA,IC:(§%y05):OA9mA

For

=%=0.0098 mA, V, =0.490 V, V. =1.19 V

IB
Ve =(0.49)(4.7)-9=-6.70 V =V =789 V
P=1.V =(0.49)(7.89)= P=3.87mW
lo =1.0mA, Using the same calculations as above, we find P=595mwW
lo=15mA, P=626mW
I, =2mA, P=480mwW

For
For
For

Eop o =25 MA, P =1.57 mW

I, =3mA . .. .
For @ > Transistor is in saturation.

0.7+15 (50)=02+1 (4.7)-9

le=lg =lg+1g =1y =3-1¢

Then, 0.7 +(3-1¢)(50) = 0.2+ 1 (4.7)-9
Which yields 'c =2:916 MAand 1, =0.084 mA

P =15V +1cVee =(0.084)(0.7)+(2916)(02) _ p—0.642 mw

5.37
V. -V _
Ve Ve (O0)_ 9207y 5 75 ma
Re 4 —
lc =al; = (0.9920)(2.075) = l. =2.06 mA
VBC + IcRc :Vcc
Ve = 9—(2.06)(2.2) =V =447V
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5.38
(@) I 1226 509 mA, I, _ 2727 _ 03409 mA
22 80
f 20‘7_—(_12) =0.127mA
100

Iy =1g +1g =0.1611 mA
V, =14R, +0.7=(0.1611)15)+0.7=3.12V
(b) For Vg =9V, I =%=1.364mA, I3 =0.01705 mA
I =0.01705+0.127 = 0.14405 mA
V, =(0.14405)15)+0.7=2.86 V
For Vegg =3V, ¢ :%:4.0909111/%, Iy =0.05114mA
lp =0.05114+0.127 =0.1781 mA
V, =(0.1781)15)+0.7=3.37V
So 2.86<V, <337V

5.39
For V. =4.5

5-45

le =0.5 mA

0.5

IBQ :EZOOZ mA

0.7-(-5)
R 7700
oy = Loy + lgg = 0.057+0.02 = 0.077 mA
V, = IR, +Vge (0n) =(0.077)(15)+0.7 =1.86 V
For V. =1.0
_5-1

=0.057 mA

leo =4mA

4

log =2 =0.16 mA

Iz, =0.057 mA
lg) = lgy + 150 =0.057+0.16=0.217 mA
Vv, :(0.217)(15)+0.7 =396V
1.86<V, <396V
So
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I

Range of
O-pt values

5.40
R.=—-"=5K
05
0.
ly =——=0.00417 mA
120
_5-07
@  0.00417

I-imA)

=1032 K

1.0

Q-point
05 f==————————=

25 q VeelV)
Choose R, =5.1K

) R, =1 MQ

ForR; =1 MQ+10%=1.1M,R. =5.1k+10%=5.61K

5-0.7
log == =391 A = lgg = 0.469 mA

Voo =237V

Ry =1 MQ+10% =1.1M, R, =5.1K-10% =4.59 K

log =3.91 4A = 1oy = 0.469 mA

Vg =285V
R, =1 MQ-10%=090 MQ R, =5.1k+10%=5.61K
5-0.7
=2 " 478 uA=1.=0.573 mA
B 0.90 H ¢
Voo =1.78 V

Ry =1 MQ-10% = 0.90 MQ R. =5.1k-10%=4.59 K

lyo = 4.78 uA = 1. =0.573 mA
Voo =237V
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I-lmA)

1.09

0.891

0.573
0.469

|

T

| | |

| | |

|
178 237 285 5 Veg(V)

541
Ve, =5V, Ve =5V,
Vo =Vg, =Vg, = (S_VBEZ)_(S _VBEI)

Vo =Veer —Vees

We have Vg, =V, In [iJ

EO
Vee, =V; In [Iﬁj
leo
leo leo

Vo =V, In le =V, ln(&j
I, |

V, = k%ln(lO)

5.42

(@) (i) I =¥=0.25mA, I =?'7205:0.002083mA

V, =(0.002083)200)+0.7 =1.117V

(ii) I =0.25mA, 1. = [%j(o.zs): 0.252 mA
V, =(0.002083)200)+0.7 +(0.252)1)=1.369 V

(b) (@) I, =%=0.625mA, I :%:o.ooszosnm

V, =(0.005208)200)+0.7 =1.742V
3y 121

le =| —=1(0.625)=0.6302 mA
() 1 =124 Jo.629)

V, =1.742+(0.6302)1)=2.372 V

(¢) Transistor biased in saturation
3.5=14(200)+0.7+1.(1)

_5Vo | _Vo-02
4 ° °F 1

e
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Vo -02 (5-V
ly=lg -1, = 01 —( 4°j=v0(1.25)—1.45

Then 3.5=[V,(1.25)-1.45)200)+0.7 +(V, —0.2)

Vo =1.167V
5.43
For #3<V1 <5 Q is cutoff lc =0
V, =0
If Q reaches saturation, V, = 4.8
Ic = 48 _ 1.2 mA
4
=22 001522207V Ly 16
80 180
SoV, <1.6, V, =4.8
VolV)
481

1.6 43 5 V,(V)
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5.44
(a) For Vi 243, Qs off and =0
:[101) 1)+02+1.(4)=
When transistor enters saturation, 100
V, =3.832V
Iz =0.00958 mA

5= ij(o 958)(1)+ 0.7 +(0.00958)(180) +V,

V, =5-0.7-0.9676-1.7244 =V, =161V
For V, =0, transistor in saturation
=l (1)+02+1c(4)=5=1(1)+15(1)+02+1,(4)
5=1g (1)+0.7+15(180) 5=1¢(1)+15(1)+0.7+1,(180)
le=1lc+1,
48=5l+15(1)
43=1I, +181l,
I, =4.8-5I
43=1.+(181)(4.8-5l.)
9041, =864.5
c =0.956 mA
V, =3.825V

Vo(V)

3.832 1~
3.825

. =0.958 mA

S V()
5.45

Ve —Ve (sat

Ic CcC CE( )_5 02:24mA
Re 0.2
|
<= =201, ="-=12mA
B
Vv, -V
Ve O) g 5207 s sey
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5.46
@ V, =0, =>lg=lg=1.=0, V=0
(b) V, =25V,

V, =14Rg +Vge (0n)+ 1:Re, and 1 =(1+p)I,
V, Vg (on)  25-07
Ry +(1+8)R:  10+(51)0.5)
l. =(50)0.0507)=2.535mA, I, =(51)0.0507)=2.586 mA
Vo = 1.R; =(2.586)0.5)=1.293 V
(¢) V, =5V, Transistor in saturation
2.8

=1, =507 uA

Then I, =

Vo =28V, I, =——=56mA
0.5
V, =V (on)-V -0.7-2.
Iy =~ oc (00) o 3707728 15ma
Rg 10
le =lg—15 =5.6-0.15=545mA
5.47
lo ==2 _38 _176mA
¢ 05
I .
£ =25 IBzﬁ:0.704mA
5 25
9-Vlon)-V -0.7-
Iy = es (00) -V, RB=9 0725 _460k0
R 0.7
5.48
3-1.6 0.7
(a) |CQ:T:0.7mA, IBQ:E:IBQ:S.833/1A
Vs =V -
R, = &8 eO0) _ 1207 _ 5 4v0
l o 0.005833
(b) AV, =3.3-0.2=2.8V, peak-to-peak
AV ~1.
(© 2o _ 3716 =A, =-4.67
AV, 0.7-1.0
AV
(d) AV, (max)= o(max): 28 =06V
A, 4.667

So v; =0.6 V, peak-to-peak

5.49
| _lca _0.15
T8 120

lo = loo| 22 | = (0.15) 2L ] = 0.15125 maA
B 120

We have Ry, =200k Q

=1y =1.25uA
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Vi = lgg Ry +Vae (00)+ 159 Re =(0.00125)200)+0.7 +(0.15125)2) = 1.2525 V

R 1
Vi = [ R, +2R2 j'vcc :R_l' Ry -Vec

So 1.2525= Ri(zoo)(z.s)

1

=R, =399kQ and R, =401kQ
Vegg =2.5-1¢gRe = I goRe =2.5-(0.15)6)-(0.15125)2)=1.30 V

5.50

1+ 151 leg  0.20

lo =[7J leo =[EJ(O.20)=O.2013mA, g ZTIWD lgg =133 A

Vee = legRe +Vego + 1o Re

2.5=(0.20)R; +1.5+(0.2013)1)= R, =4kQ

Vi = lgoRyy +Vee (0n)+ 1R =(0.00133)(120)+0.7+(0.2013)1) = 1.061 V

Vo =Ri- Ry Ve = 1.061 :Ri(lzo)(z.s)
1 1

So R, =283kQ and R, =208kQ

5.51
Ry =R,[R, =2015=8.57kQ
R 15
Vi = =—2— | Ve = 10)=4.29V
™ [R1+R2j c (15+20J( )
lo
Vee = IEQRE +Veg (On)"'m' Rin +Vry
10=1¢o(1)+0.7+ 1 8371, 429
101
10-0.7-4.29  5.01
Then lg, = 557 1085 = g =4.62mA
I+——
101
I 4.62
A :%-RTH +Vo, :(Wj(8.57)+4.29 =V, =4.68V
5.52
(a)
Ry =4258 =24.36kQ
42
Vi =| — |(24)=10.08 V
=)
10.08-0.7 9.38

- = = 1y =730 uA
¢ 2436+(126)10) 128436 ™ #

leg =0.913mA, Iy, =0.9202 mA
Vegg =148V
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frimA)

2.38

—_ Q-point

8 Uy, (V)

(b)
R +5%=609, R, +5% =441 R, =2558K Vi, =10.08

~10.08-0.7  9.38
0 25.58+126(10) 1285.58

lo=0.912mA 1, =0919

=730 uA

Vego = 14.81
R +5%=609, R,-5%=39.90 R, =2411K  V,, =9.50
9.50-0.7 8.8

=6.85 uA

"7 24 11+(126)(10) 128411
lo =0.857TmA  Ipg =0.8635 mA
Voo =1537 V
R-5%=551K R,+5%=441K R, =2450K  Vj, =10.67V
1067-07 _ 9.97

- - ~7.76 1A
B T 5450+1260 1284.5 "

lo =0.970 mA I, =0.978 mA

Voo =1422V

R-5%=551K R,-5%=3990 R, =23.14K V,, =10.08
10.08-0.7  9.38

= = =731 uA
B 23.14+1260 1283.14 #

lco =0.914 mA lgo =0.9211 mA
Vegg =14.79 V
So we have 0.857 < 1, <0.970 mA
1422 <V <1537V

5.53
(@ Rpy =R/|R, =96[24=19.2 kQ

R 24
Vi =| =—2— |-Vee =| ———1(9)=1.80V
™ (R1+R2J c [24+96j()

Vo, —Vge lon .80-0.
TH BE( )_ 1.80-0.7 :>|BQ:1098,LIA

2 T Ry +(1+ AR. 192+ (81)1)
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leo = Blgg =(80)0.01098)=0.8782mA, 1, =(81)0.01098)=0.8892 mA
Veeo =9-(0.8782)(5.25)-(0.8892)1)=3.50 V
1.80-0.7
b) lgo = ———
®) Teq 19.2+(121)(1):>
loo =(120)0.007846)=0.9415 mA, 1, = (121)0.007846 )= 0.9494 mA
Vg =9-(0.9415)5.25)(0.9494)1)=3.108 V

. - (0.9415-0.8782
or leg 0.8782

3.108 -3.500
For VCEQ . (W

lgg =7.846 A

JXIOO% =721%

)XIOO% =-11.2%

5.54
(a)
lg = lgg = 0.4 MA

3 3
R.=—=R.=75kQ; R =— =R =75kQ
€04 ¢ 04 .

R+R,2————=1125kQ

(02)(04)
v, =( Ry j(vcc)z logRos +Vae (0) + (14 8) IggRe

112.5-R,)R
RTH: R1R2 :( 2) 2’ IBQ:%:O'OO4mA
R+R, 1125 100

112.5 112.5
R,(0.08) = 0.004R, —3.56x107°R; +3.73
R,=48kQ= R =645kQ

Rz( 9 j:(o.oo4){w}+o.7+(101)(o.004)(7.5)

We obtain

From this quadratic, we find
(b) Standard resistor values:
Set Rg =R, =7.5kQ and R, =62kQ, R, =47kQ

Now Ry =R/[R, =6247=26.7kQ

R 47
Vi =| =—2—|(Vee ) = 9)=3.88V
™ (RI+RJ( cc) [47+62j( )

Vi = lgoRy +Vee (0n)+(1+ 8) 15 Re
ol = 3.88—-0.7
0 26.7+(101)(7.5)
Then I, = 0.406 mA
Vee =Vee =(0.406)(7.5)=3.05V

=0.00406 mA
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5.55
(@)
Ry =R|R, =122 =1.714kQ

Vo, :( R, J(m)-s:(éjﬁo)-s:vm =-3.571V

R, +R,

(b)
Vi = lgoRyy +Vee (on)+(1+ B) 1goRe =5
~3.57 = lgq (1.714) +0.7+(101) 15 (0.5) =5
_5-07-3571 0.729
0 1.714+(101)(0.5)  52.21
leo =1.396 mA, I, =1.410 mA
Veeo =10—(1.396)(5)~(1.41)(0.5) = Veey =2.32V

=13.96 A

(d)
Re =05+5%=0525K R, =5+5%=525K

Lo 0.729
1714 +(101)(0.525)
lg =1332mA I, =1.345mA
Vego =10—(1.332)(5.25)—(1.345)(0.525)
=10-6.993-0.7061 = Vg = 2.30 V
R.=0.5+5%=0525K R.=5-5%=475K
lo =1.332mA g, =1.345mA
Vego =10—(1.332)(4.75) —(1.345)(0.525)
=10-6.327-0.7061 = V e, =2.97 V
R.=0.5-5%=0475K R, =5+5%=525K
Lo 0.729
1714 +(101)(0.475)
leg =1.467 mMA Iy, =1.482 mA
Veeo =10—(1.467)(5.25)—(1.482)(0.475)
=10-7.70175-0.70395 = Vg =1.59 V
R.=0.5-5%=0475K R, =5-5%=475K
leg =1.467mA g, =1.482 mA
Vego =10—(1.467)(4.75) - (1.482)(0.475)
=10-6.96825-0.70395 = Vg =2.33 V

= 13.32 uA

= 14.67 uA

5.56
(@ Rpy =R|R, =40[40=20 kQ

VTH:[ R, j-v*:[ 40 j(z.s):l.zsv

R, +R, 40+ 40

V™ = 1oRe +Vg (0n)+ 150 Ry +Viy,
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V* Vg (on)-Vy,  25-07-1.25
2R f?1(+;)RETH = 20+p107) =637uA
leg =0.5914 mA, 1, =0.5980 mA
Veeo =2.5-(0.5914)1.6)—(0.5980)0.7) = 1.135V
2.5-0.7-125
R TN (53} (%)
leo =0.6563mA, I, =0.6607 mA
Veeg =2.5-(0.6563)1.6)—(0.6607)0.7) = 0.9874 V

For lg,: (%jxm%:mm%

So |

= 1y =4375u A

0.9874-1.135

ForVECQ:( T }100%:—13.0%

5.57
(2)
Ry =36[68=23.5kQ

Vi = (%J(IO) =346V
_3.46-0.7
B 23.5+(51)30)
leo =0.0888 mA, 1, =0.0906 mA
Vg =10-(0.0888)(42)—(0.0906)(30) = Ve =3.55V

(b)
R =227,R,=12K, R. =14K, R, =10K

Ry =7.85k  Vy, =346
_ 3.46-0.7
2 7.85+(51)(10)
lp =0266 mA I, =0.272 mA
Vee =10-(0.266)(14) - (0.272)(10)
Vee =3.56 V

=0.00178 mA

=0.00533 mA
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5.58
(a)
68
Ry, =3668=23.5kQ; V,, =| —— |(10)-5=1.54V
m =3 ™ (36+68j( )
5=(51)1 5 (30)+0.7 + 154(23.5)+1.54
5 = 1?'57365 =178 JA= I, =0.0888 mA
lzo =0.0906 mA
Veeo =10-(0.0906)(30)—(0.0888)(42)
=10-2.718-3.7296 = Vg, =3.55V
(b)
Ry =12]22.7=7.85kQ
Vi, =154V, R =10kQ, R, =14kQ
5=(51)1g9(10)+0.7+14,(7.85)+1.54
2.76
B =51ogs = SIHA leg =0266mA, Igg =0272mA
Vo =10-(0.272)10)-(0.266)14) =3.56 V
5.59
(a)
Riy =(0.1)(1+ B)Re =(0.1)(101)(0.5) = 5.05 kQ
1
Vi == R Ve = IogRey +Vee (on)+(1+ £) 159 Re
1
|
oo —0 98 608 ma
B 100

Then Ri(s.os)(lo) =(0.008)(5.05)+0.7+(101)(0.008)(0.5)

1
44.1R,
44.1+R

2

or R =44.1kQ,

=505= R,=5.70kQ

Now I, = (%)(0.8) =0.808 mA

Ve = legRe +Vegg + 1egRe
10 = (0.8)R; +5+(0.808)(0.5)
Re =5.75 kQ

(b) For 13SB=150

R 5.7
Vi =| =—2—|(Vee ) =| === |(10)=1.145 V
™ (RI+RJ( cc) (5.7+44.1j< )

Vi = Lo Ry +Vee (0n)+(1+ 8) 15 Re
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1.145-0.7
B =75 lgg=——F—~—=00103mA
For 0 5.05+(76)(0.5)

leg =(75)(0.0103) = 0.775 mA
1.145-0.7

=150, lyy = ————————=0.00552 mA
p 0 5.05+(151)(0.5) "

Then 'co = 0-829 mA

Then
For

Aleg  0.829-0.775
0.80

% Change = x100% = % Change = 6.75%

cQ
(¢) For Re =1kQ
:(0.1)(101)(1):10.1 kQ
1

=R Ve :Ri(lo.l)(lo) =(0.008)(10.1)+0.7+(101)(0.008)(1)

which yields R, = 63.6 kQ

63.6R,
63.6+R,

R 12
V,, = 2 |(Vee)=| —=———|(10)=1.587 V
™ (R1+R2]( cc) (12+63.6)( )
Now

1.587-0.7
=75, lgg =—
d 2 10.1+(76)(1)

leg =0.773 mA

Ry
Viu

=10.1= R, =12.0 kQ
And

=0.0103 mA
For

So
1.587-0.7

" 7101+ (151)(1)
leo = 0.826 MA

£ =150, 1
For

Then

=0.00551 mA

Al ~
% Change = —= = 0.826-0.773

x100% = % Change = 6.63%

cQ

5.60
Vee = oo (Re +Re ) +Vego
10=(0.8)(Re +Rc)+5= R, + R, =625 kQ
Let Re =0.875kQ

Then, for bias stable R =(0-)(121)(0:875) =10.6 k2

08

=" =0.00667 MA
120

Ri(10.6)(10) =(0.00667)(10.6)+0.7+(121)(0.00667)(0.875)

1

L8R, 106 R, =124 kO
R =718kQ . 71.8+R,

So nd
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=—10  _0119mA
Then —  71.8+12.4

This is close to the design specification.

5.61
ICQ ~ |EQ :>VCEQ =V — |CQ (RC +RE)
6 =12- |CQ (2+0.2)
|CQ =2.73mA, |BQ =0.0218 mA
VCEQ =6V
VTH = IBQ RTH +VBE (on)+(1+ﬂ)| BQRE -6

R
Vi :( 2 J(IZ)—6, Ry :R1"R2

R, +R,

Bias stable = Ry, = (0.1)(1+ )R =(0.1)(126)(0.2) = 2.52 kQ

Vo= (R0

1

(2.52)(12)-6=(0.0218)(2.52)+0.7+(126)(0.0218)(0.2) -6

(30.24) = 0.7549 +0.5494

;Ul»—A __;Ul»—a

1
23.2R
R =232kQ, ——2 -252
———"—= 232+R,

R, =2.83kQ

5.62
(a) Ry, =(0.1{1+ B)Re =(0.1)121)0.2)=2.42kQ

Vegg =6-— ICQ|:RC +[%}QE}= 6—1cq (2.202)

28=6-14(2202)= I, =1.453 mA
Then lg, =1.465mA, Ig =12.11xA

Vi = lgoRyy +Vee (0n)+1Re =3 =(0.01211)2.42)+0.7 +(1.465)0.2) -3

Then V;, =-1.978V= Ri- Ry (6)-3= Ri(2.42)(6)—3

1 1

Which yields R, =14.2kQ and R, =2.92kQ
(b) For R, =(1.05)14.2)=14.91kQ
R, =(0.95)2.92)=2.774kQ
Ry =R/|R, =2.34kQ
Vo, = (%j@)— 3=-2.059V
Vig = IBQ R +Vee (on)+(1+,B)I BQRE -3
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3-2.059-0.7
5 7234+ (121)0.2)
leo =1.090 mA, I¢, =1.099 mA
Vego =6-(1.09)2)-(1.099)0.2)=3.60 V
For R, =(0.95)14.2)=13.49kQ
R, =(1.05)2.92)=3.066 kQ
Ry =R/[R, =2.50kQ

Vo, = [ﬂ](s)s =-1.889V

So | = 1g, =9.08 4 A

3.066+13.49
3-1.889-0.7
5 7550+ (121)0.2)
leo =1.847 mA, I, =1.863mA
Vg = 6-(1.847)2)-(1.863)0.2)=1.933 V
So 1.09< I, <1.847 mA
1.933 <Vgo <3.60 V

=1, =1539 4 A

5.63
VCEQ EVcc - ICQ(RC +RE)
5=12-3(R. +R; )= R. +R; =2.33kQ
R. =0.333 kQ R. =2kQ
Let —= and —=

Nominal value of B =100
Ry = (0.1)(1 + ,8) Re = (O.l)(lOl)(O.333) =3.36 kQ

3
log =105 =0.03mA

1 1
VTH :EI'RTH (12)—6251

Then Vy, = lgoRry, +Vee (00)+ (14 8) IgoRe —6

(3.36)(12)~6

%(3.36)(12)—6 =(0.03)(3.36)+0.7+(101)(0.03)(0.333) 6

1

which yields R, =22.3 kQ and R, =3.96 kQ

Now V, :(R s ](12)_6:[ij(12)_6 or Vi, =419V

R, 3.96+223

For 8= 75, Vi = lsgRrys +Vee (0N) +(1+ ) IgoRe —6
Vp +6-0. ~4.19+6-0,

lyg = T0=0T 4194007 _ 0387 ma= 1, =2.90 mA
Ry +(1+ B)Re  3.36+(76)(0.333) .

F=150, 1y =~ 00T 0207 ma
For 336+ (151)(0.333)
ey Je =310 MA

Specifications are met.
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v 1+p
V7 =Veeq +lcq| Re +| —— |Re
(a) ot Q{ +( 7 ] }

33=15+1(3.022)= I, =0.5956 mA
logg =6.618 4 A, Ig, =0.6022 mA
V* = 1gqRe +Veg (0n)+ 1 5o Ry +Viy
3.3=(0.6022)2)+0.7+(0.006618)2.4)+V,
So Vi =1380V= Ry, -V * =i(2.4)(3.3)
Rl Rl
Which yields R, =5.74kQ and R, =4.12kQ
V' —Vg(on)-Vy, 33-0.7-1.38
b) g = = LU lgo =4.61u A
® oo = (i pR. ~ 242(B10) #
leg =0.60 mA, I, =0.6045 mA
Veeo =3.3-(0.60)1)-(0.6045)2)=1.49 V

5.65

|CQ =4.8 mA > |EQ =4.84 mA
VCEQ =Vee - ICQRC - IEQRE
6= 18—(4.8)(2)—(4.84) R = Rg =0.496 kQ
Ry = (0.1)(1 + ﬂ) R = (0.1)(121)(0.496) =6.0 kQ
Vi = lgoRuy +Vee (on)+(1+ ) 150 Re

v, _Ril- R, Ve =Ril(6.0)(18)
Ri(6.0)(18) —(0.04)(6.0)+0.70+(121)(0.04)(0.496)
Ri(los) =334

R =323k, —23R _¢
———"—" 323+R,
R, =7.37 kQ

5.66

Vee -V 2.5-1.6
For I =1y, Re +Rg = CCI = - 5 - 4s ke
cQ .

So R =0.5kQ
For =100

Ry =(0.1)(101)0.5)=5.05kQ
0.2

BO :100:> lgg =2 1A, lg =0202mA

Vi = lgoRoy +Vee (0n)+ 1o Re =(0.002)(5.05)+0.7 +(0.202)(0.5)= 0.8111 V



Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 5
By D. A. Neamen Problem Solutions

Vo =i-RTH Ve :>0.8111:i(5.05)(2.5)
Rl Rl
So R, =156kQ and R, =747kQ
For =80,
_ Voy —Ve(on)  0.8111-0.7
" Ry +(+A)R.  5.05+(81)0.5)
For =120,
~0.8111-0.7
¢ 5.05+(121)0.5)
Design is valid

leo =g =2439 4 A, 1 =0.1951 mA

= lgq =1.695 1 A, Iy =0.2034 mA

5.67
|CQ =1mA —> |EQ =1.017 mA
VCEQ :Vcc - ICQRC - IEQRE
5= 15—(1)(5)—(1.017) R = R =4.92kQ
Bias stable: Ry, = (0.1)(1+ﬁ) Re = (0.1)(61)(4.92) =30.0 kQ
1
|BQ =%= 0.0167 mA

1
VTH :E' RTH 'Vcc = IBQ RTH +VBE (On)+ IEQ RE

1

(30.0)(15) = (0.0167)(30.0) +0.70+(1.017)(4.92)

(448.5) =6.197

D|— D]~

1

2.5R
R=725k0, 2R 309
=" 725+R,

R, =51.2kQ

Check: For B =45

51.2
V,, =| ——=—|(15)=6.21V
™ (51.2+72.5)( )

_ VTH _VBE (On) _ 6.21_0.7 :0 0215 mA
Ry +(1+ )R 30+(46)(4.92)

Al
lcg =0.967 mA, I € =327%
- C
Check: For B=75
6.21-0.7

=————=0.0136 mA
2 30.0+(76)(4.92)
I =1.023 mA, AIL =2.31%
- C
Design criterion is satisfied.
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5.68
@

(b)

Vee = oo (Re +Re ) +Vegq
3=(0.1)(5R; +Rg )+ 1.4 = R, =2.67 kQ

100

Re =13.3kQ, g == 0833 uA

Ry = (0.1)(1+ B)Re =
1

(0.1
1
Vig =— Ry Ve 23(32.3)(3)
1 1
= lgoRry +Vee (0n)+(1+ ) 15oRe
=(0.000833)(32.3)+0.7+(121)(0.000833)(2.67)
which gives R, =97.3 kQ, and R, =48.4 kQ

)(121)(2.67) = 32.3kQ

33
R+R, 973+484
leg =100 £A
P =(lgq + 15 )Vee =(100+20.6)(3)
or P =362 uW

=20.6 uA

IR

5.69

5=1lgoRe +Veg (on)+ IRy, +Vp,

5= (1.67)(3)+0.7+(0.0165)(30.3)+Ri(3o.3)(4)—2

1

0.80 = Ri(3o.3)(4) =R =152kO
1

152R,
152+R,

=303=R, =37.8kQ
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5.70
a. Ry =R||R, =10]20=6.67kQ

R 20
Vi =| —2—|(10)-5= 10)-5=1.
™ (R1+R2]( 0)-3 (20+10j(0) =loTy

10:(1+ﬂ)IBQRE +Ves (On) leqRry +Vry
_10-0.7-1.67 _ 7.63

2 6.67+(61)(2) 128.7

leg =3.56 mA, 1,=3.62 mA

Ve =10— 1R, =10-(3.62)(2)

Ve =276V

Ve = loR: —10=(3.56)(2.2)-10

V. =-217V

= Iy =0.0593 mA

5.71

leo (Re +Re ) +Veeq

(R +Re)+8= (R, +R. ) =24 kQ
R, =14 kQ

V-V~
0=(0.5

77\_/ IIZ

Re =10
Let ——— then

Let B =60 from previous problem.
Rey = (0.1)(1+ ) Re =(0.1)(61)(10)
or Rm =61 kQ

lgo = (;g =0.00833 mA

R 1
V., = 2 10)-5=—-R., -10-5
TH (R]+R2j( ) R

1

Now 10 = (1+ ) lgoRe +Vgg (0n)+ 5o Ry + Vo,

10= (61)(0.00833)(10)+o.7+(0.00833)(61)+Ri(61)(10)—5

Then R, =70.0 kKQ and R, =474 kQ

10 10
R +R, 70+474

1

=18.4 uA

IR

So the 40 pA current limit is met.

5.72

(@) Vecq :(V+ ‘V_)‘|CQ{RC +[M].RJ

B
2.7:5—(0.15){R +(§(1)j( )}: R. =13.3kQ

0 =0.1519mA, 1y =1875uA
Ry, =(0.1(81)2)=16.2kQ
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V" = 1gqRe +Vig (0n)+ 150 Ry +Viy,
2.5=(0.1519)2)+0.7+(0.001875)16.2)+V;, = Vq, =1.466V

Vo = 1. Ry (5)-2.5=1.466 = l(16.2)(5)—2.5
Rl R1
So R, =204k and R, =78.7kQ
(b) For =60

V-V Ve (on) _2.5-1.466-0.7
¢ Ry, +(1+ AR, 16.2+(61)2)
leg =0.145mA , I, =0.1474 mA

Veeo =5-(0.145)13.3)-(0.1474)2) = 2.777 V

For =100
2.5-1.466-0.7

B 16.2+(101)2)

leg =0.1531mA, Ig, =0.1546 mA

Veeo =5-(0.1531)13.3)-(0.1546)(2) = 2.655 V

For I, : 0.1531-0.145 x100% = 5.4%
«Q 0.15

= lgo =2417TuA

= g =1.531 A

For Vieqg :

[2.655—2.777

x100% =-4.52%
2.70

5.73
a.
Rpy = 500[500]70 = 25070 = 54.7k
5V 4 3=V _ Vi _(_ 5)
500 500 70
222y [l Lo Co0ssa=v, (0.0183)
500 500 70 500 500 70
Vo ==3.03V
b.

Vi Vi (on)=(=5)
Ry +(1+ B)Re
_ -3.03-0.7+5
54.7+(101)(5)
3o =0.00227 mA

leo =0.227 mA, Ig, =0.229

Ve = 20-(0.227)(50) - (0.229)(5)

Vego =751V

CEQ
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5.74

v
RE;—E:£:1.871<Q

10=(0.8)R. +4+1.5= R, =5.63kQ
Ry = (0.1(1+ 8)Re = (0.1)121)1.87) = 22.6 kQ
0.8

08 —66TuA
B T 7 EQ H

Vi = lggRin +Vee (on)+1 eoRe = Rin Vee

1.
Rl
(0.00667)22.6)+0.7+(0.807)1.87) = %(22.6)(10)

1

which yields R, =95.8kQ and R, =29.6kQ

5.75
leg =50 uA, Iy =0.625 uA, I, =50.6 uA
(a)
R = L 198k
0.0506
5=(0.050)R; +5+(0.0506)(19.8) -5
R. =80 K
R =R, ||R2 , Design bias stable circuit
Ry =(0.1)(51)19.8)=101kQ
R 1
Vg = 2 —((10)-5=—"Ry, -(10)-5
o= i) (0
So Ri(101)(10)—5 =l (101)+0.7+(0.0506)(19.8) -5
1
Ri(1010)=0.0631+0.7+1
1
R =573K SR g
573+R,
R, =123 K
(b)

Ry =101K,V,, =-323V
Vi = lgoRpy +0.7+(121)(19.8) 15, -5
1.07 = 15, (101+2395.8) = 15, = 0.429 uA
lg =0.0514 mA, I, =0.0519 mA
Vego =10-(0.0514)(80)—(0.0519)(19.8)
=10-4.11-1.03 =V, =4.86 V
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5.76
0.7 0.5
(a) RE EE:L“- kQ, IBQ ZESIBQ:4167/’1A
Vegg = 6— 1R —0.7
2.5=6-(0.5R; —0.7= R =5.6kQ
Ry =(0.1(121)1.4)=16.9k Q
VTH =1 BQ RTH +VBE (On)"'(l“‘ﬂ)l BQRE -3
Vi =(0.004167)16.9)+ 0.7 +(121)0.004167)1.4)-3 = -1.5237 V
Vi :Rl- Ry (6)-3 = —1.5237 =Ri(16.9)(6)—3
1 1
which yields R, =68.7k€2 and R, =22.4kQ
(b) For standard resistor values:
Let Rg =1.5kQ, R, =5.6kQ, R =68kQ, R,=22kQ

Ry =R,|R, =6822=16.62 kQ

R 22
Vi = - -3= -3=-1
™ ( R, +R, j(6) : (22 + 68](6) : 33V

34Vy, —Veelon)  3-1.533-07
| =2 Vm —Vee OV _ loo =387 A
2R+ fR.  1662+(12115) % #
leg =0.4646 mA, 1, = 0.4684 mA
Vego = 6-(0.4646)(5.6)—(0.4684)1.5)=2.70 V

5.77

%:71(9, Re + R, :60;1:301@, — R, =23kQ
Ry =(0.1{1+ B)Re =(0.1)111)7)=77.7k Q
l'ao :%: lgg =0.909 £ A, 1, =0.1009 mA

w

(@ Rg =

V™ = 1oRe +Vg (0n)+ 150 Ry +Viy,

3=(0.1009)7)+0.7+(0.000909)77.7)+Vy,,, =V, =1.523V
Vi =R, (6)-3=1.523= L(77.7)(6)—3
Rl R1
which yields R, =103k and R, =316kQ
V' Vg (on)-V,, 3-0.7-1.523
I = EB ™ _ lso =0.685 1 A
B Ry, +(1+8)R, 77.7+(151)(7):> 8 #
leg =0.1027 mA, I, =0.1034 mA

Vg =6-(0.1027)(23)-(0.1034)7)=2.914 V
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5.78
(a) VECQ =18- ICQ Re —Vie

6=18—-(1.2)R. ~1.5= R, =8.75kQ

1.2

76 .
lo :[%)(1.2):1.216mA, lp =5 = leg =164 A

R, =2 —1234kQ

1.216
Ry = (0.1)1+ g)R. = (0.1Y76)1.234)=9.375k Q
V" =1goRe +Veg (0n)+ 1o Rpyy +Viy,
9=(1.216)1.234)+0.7+(0.016)9.375)+V, = Vy,, =6.65V
Vi, :RL(RTH X18)-9 = 6.65 =Ri(9.375)(18)—9
1 1
which yields R, =10.78 kQ) and R, =71.8kQ
Set R =9.1kQ, R, =12kQ, R, =11kQ, R, =68kQ
Ry =R|R, =11[68=9.47kQ
R 68
Vi =| —2—[(18)-9= 18)-9=6.494 V
™ (Rl +R2]( ) (68+11j( )
V' Vg (on)-Vy,  9-0.7-6.494
lao = = L lgo =17.94 u A
TR (PR, 94T+(T6)12)  * #
leg =1.345mA, 1, =1.363mA
Veeo =18—(1.345)9.1)-(1.363)1.2)=4.12 V

5.79
Ry =R/[R, =100[40=28.6kQ

R 40
Vi =| —2—(10)= 10)=2.
™ [R1+R2](O) (40+100j(0) soV

|- Ve Ve (on) _ 2.86-0.7
' Ry, +(1+B)Re,  28.6+(121)1)

Iy =0.0144 mA, I, =1.73mA, I, =1.75 mA
10-V,,
3

Vg, —Vge (on)—(-10)

le, = 5

=l¢; +1g,

10—V, Vg, —0.7+10

3T ()

10 9.3 1 1
LT3 ===V, | s
3 605 Bz(f(m)(s)}

1.588 =Vy, (0.335) = V,, =4.74 V
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_ 4.74-0.7-(-10)
B 5
I, =0.0232 mA

I, =2.785 mA
Veegr =4.74—(1.75) (1) = Vg, =299 V
Veggs = 10— (4.74-0.7) = Veeo, =5.96 V

E2

= I, =2.808 mA

5.80
Ve, =-0.7
-0.7-(-5)
lo = =0.215mA
20
Ve, =—0.7-0.7=-1.4
~1.4—(-5)
lep=———= 1, =36mA
l,, = 0.0444 mA
l., =3.56 mA
lg, = lg +1g, =0.215+0.0444
lg, =0.259 mA
Iy, =0.00320 mA
Ig, =0.256 mA
5.81
Vg, =Vee +Vge (0n)=0.5+0.7=12V
R, = 12 _soka
0.020
0.5

Re =—>=25kQ
0.2

Vi, =Vee (0n) 4V +Vee =0.741240.5=24V
Vg, Vg 24-12

R2 = = =60kQ
I 0.020
ViV, 5-2,
R = Ve _5724_ 13010
Iy 0020

Ve, = Ve +Vie =2(1.2)+0.5=29V

V'V, 5-29

Re - =105k Q
0.20

IC2
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5.82
Rpy =40[80=26.67kQ

VTH=( 20 j(9):3V

40 +80
|V ~Vgelon) _ 3-07
Ry, +(1+8,)Re,  26.67+(121)2)
le, =1.027mA, 1, =1.036 mA
9_Vc1
2

=1y =856 uA

+lg =1g

9-0.7-Vg, 83-V,

9= e 01 Ves o) +Ve, = 1ax = oy ==y

p AY- .
P Ve 837 Ve _ 1.027 =V, =7.214V
2 8.1

83-7.214
LR T

le, =10.73mA, 1, =10.86 mA
Vg, =I5 Re, = (1.036)2)=2.072V
Ve, =Vg, —Vg, =7.214-2.072=5.14 V
Vee, =9-(10.86)0.1)-(10.73Y0.2)=5.77 V

So

=0.134 mA

5.83
Ry =R,[R, =50[100 =333k Q

vTH:( R, j(w)-s:[ﬂj(lo)—s:l.mv

R, +R, 100+ 50
5=1gRg +Veg (On)+ lgi Ry +Vry

le, = (ﬂj(o.s) =0.808 mA

100
Iy, =0.008 mA
5=(0.808)Rg, +0.7+(0.008)(33.3) +1.67
R, =2.93 kQ

Vg, =5-(0.808)(2.93)=2.63 V
Ve, =Ve, ~Veeoy =2.63-3.5=-0.87 V
Ve, =—0.87-0.70=-157 V

~1.57—(-5
_TBT) _ges R, =425 kQ

E2

Veggs =4V, =—1.5744=243V

5-2.43
Rey =———

E2

= Re, =321kQ
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lee; =l — 15, =0.8-0.008 =0.792 mA

-0.87-(-5)
=———— =R, =521kQ
0.792 e met e

Cl
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6.1
|
@ () gy == _1923 mAV
vV, 0.026
.- AVr _ (180)0.026) _ 936K0
leg 0.5
Vv
, =— _139 _300x0
leg 0.5
(i) g — 2 _7692mAN
"0.026
. (180)0.026) _ 534K
2
r, = 150 75kQ
2
0.25
b) (i) g, =———=9.615mA/V
® 0 9n =006
r, = B0X0026)_¢ 210
0.25
r, _190 _4o0k0
25
(i) g, _ 008 5077 mAv
0.026
. (80)0.026) _ 26K O
0.08
100

r,=——=1250kQ
0.08

0o

6.2
|
@ g, =—VCQ = 1o =(95)0.026) = 2.47 mA

T

] . (125)(0.026):1.321(9

S P 2.47
v
r0=—A=ﬂ=81kQ
leg 247
(b) leg =0,V =(120)0.026)=3.12mA

B=g,r, =(0120)1.2)=144

6.3
9. =28 _3077mAV; g, =2 —46.15mANV
0.026 0.026

So 30.77<g,, <46.15mA/V
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(180)0.026) (90)0.026)

r =—=——2=585kQ; r_=

T T

=195kQ

So 1.95<r, <585kQ

6.4

. 0.12
a) I.=l+0.0, =012+
(@ ¢ co T Imlpe (0.026

j(S %107 sin a)t)

ic =0.12+0.0231sin wt (mA)
Ve =Vego —icRe =[3.3-(0.12)(15)]- (15)(0.023 1sin et )
Uce =1.5-0.346sin wt (V)

Ve  —0.346

(b) A =-== =-69.2
U,  0.005

6.5
@ o - BlVes ~Vee (on)) _ (120)1.10-0.7) _ o
R, 110

. =&32=16.78mA/v
.- (120)0.026) _ 7 15K0
0.436
=0 g3k
0.436
r 7.15
b) A =-g.(R —|=—(16.78)4[183] ————
® A, ==g,( °"r°{r,,+RBj (16.78)4] (7.15+110J
A, =-4.0
© v, =20 = 0.5sin(100t) _ s sin(100t) (V)
A, -4
6.6
a.

r=s4=PV_ (120)(0.026) _, o = 0.578 mA
|CQ |CQ
Vero = Voo =2(5)=2.5V
2 2
Vegg =Vee — logRe = 2.5=5.0—(0.578)R. = R, =4.33 kQ

e 0578
QT8 120

Vig = lgoRg +Vee (0n)
—(0.00482)(25)+0.70 = Vg, = 0.820 V

=0.00482 mA
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v, _(120)(0026) o
0.578

|
0 0578 _ 25 mAv

TV, 0.026

n= =19 53k

o
W
3
o0

r
_ . _ B(ulRe)
A g[ﬁ]( Re)=—= R,

V.4

120)[173] 4.
_ (120)[173] 33}:_(120)(4.22)3&:_16.7
5.40+25 30.4 -

6.7

r :%:6.2@9

(@) Ry =Ry +1, =50+6.24=5624kQ
(b) R; =Rg|r, =100]6.24 =5.87kQ
(¢) R, =r,=624kQ

6.8
~Va 80 _so0ke

leg 02
(@ R, =R, =4[400=3.96kQ
(b) R, =R¢]r, =10[400=9.76 kQ

(© R, =Rc[Ry[[r, =10[5[400 =3.333]400 =331k

[o]

6.9

log =274 1 5 maA

R4 N

= L =0.015mA

lso

. (100)1((5).026) ik

Voo _ 5sinot(mV)

= 2.89si A
o 173kQ B9sinot(uA)

I, =

So
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ig(t)= BQ+|b() 15+2.89sinwt (u A)
|CI(t Big(t)=1.5+0.289sin wt (mA)
1(t)_lo ic; ()R =10—[1.5+0.289sin wt]4) (V)
v, (1) =4-1.156sinwt (V)
v.t) -1.156

A, = = = A, =-231
Uy (t)  0.005

6.10
a.
Veco = Ve =5V
ECQ _5 cc —
Veeo =10~ 1oRe = 5=10—-(0.5)R; = R, =10 kO
|
o = =95 _ 005
B 100
Vg (0n) + 15oRg =Vgg = (0.70)+(0.005)(50) = Vg =0.95 V
b.
|
0, =- 2= g —192mANV
vV, 0026 O———
P (100)(0.026) _ . =520
leo 0.5 I
vV, o
h=—t-=—=r=0
lg 0.5
A=- BR. __(100)(10) A =181
. r+Rg 5.2+50 ——
6.11
V, =1.2sinwt(V)
ic ()R +V, =0=ic (t)= %

ic (t) =—0.60sin wt(mA)

iy (t) :m: —6sinwt (uA)

P
Vbe (t):ib (t).rﬂ' gl‘ﬂrﬂ :ﬂ
Q:L£:2K
5

Vie (t) = —12sin ot (mV)
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6.12
a.

leg = leq
=5=10-1g (R. +R¢)
=10 1¢, (1.2+0.2)

leg =3.57 mA

VCEQ

w0 =227 ~0,0238 mA
150

R1||R2 =Ry, = (0'1)(1+:B)RE
=(0.1(151)0.2)=3.02kQ
1
Vi == Roa +(10) =5
1

Vo =lgoR . +V._(on)+(1+ ) IgoRe 5

TH

Rl(3.02)(10) ~5=(0.0238)(3.02)+0.7+(151)(0.0238)(0.2) -5

Ri(30.2) =1.50= R =20.1kQ
1

20.1R
0IR 3020 R, =355k
20.1+R, N

- (150)(0.026):1.091(Q
3.57

On 2—3‘57 =137 mA/V
0.026
+- P

L o

® tu 'l

Ry

.|}_

= MRe —(150)1.2) o
A = r 0+ AR, 1.09+(151)02) A =37

6.13
@ Ry =R[R, =33[50=19.88kQ

R 50
Vi =| =—2— | Ve =[ —=——(3.3)=1.988 V
™ [R1+R2) e (50+33j( )
Vee = IBQ (l+ﬁ)RE +Veg (On)+ I BQ Ry +Viy

Then 1., =>>-07=1988 _ 005063 mA
" 19.88+(101)1)

leg =0.506 mA; g, =0.511mA
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Veeo =Vee = leoRe — legRe =3.3-(0.506)(2)-(0.511)1)
Veeo =178V

AV: _ (100)0.026) _ 514K0

b) r = =
®) . lco 0.506

A - MRe _—000J2) g
o +(1+ 4R 5.14+(101)1)
(c) R, =(1.05)33)=34.65kQ
R, =(0.95)(50)=47.5kQ
Ry =R, ||R, =34.65[47.5=20.03kQ

475
Vo =| ————1(3.3)=1.908 V
™ [47.5+34.65j( )

leg = oo{w] =0.5718mA

20.03+(101)1)
- (100)0.026) _ 4547 KO
0.5718
) __—(1002) =-1.895
4.547+(101)1)
Also R, =(0.95)33)=31.35kQ

R, =(1.05)50)=52.5kQ

Ryy =31.35[52.5=19.63 kQ

525
= —= |3.3)=2.066 V
™ (52.5+31.35j( )

3.3-0.7-2.066
leo = (100) 22— —220 | = 0.4427 mA
o = )(19.63+(101)(1)J 04427

- 100K0026) 5 475100
0.4427
__00)d) g
" 5.873+(101)1)
So 1.871<|A,|<1.895
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6.14
(a)

(b)

|1+
VCC - [7] ICQ RE +VECQ + ICQ RC

101
12:(%)ICQ (l)+6+ICQ(2)
so that 1, =1.99 mA

1.99
0 =g = 00199 mA

R, =(O.l)(l+ﬂ)RE =(O.1)(101)(1)=10.1 kQ
R, 1 1
Vi, Z(R] +R, jvcc _E]'RTH Ve —3(10.1)02)

1

Vee =(1+ 8) lgoRe +Veg (0n)+ 155 Ry + Vi,

12 = (101)(0.0199)(1) +0.7+(0.0199)(10.1) + 1212

1

which yields R, =13.3 kQ and R, =41.6 kQ

__ R -(100)2) __
A = r.+(1+B)R; _1.31+(101)(1):>A“ =19

6.15

=025 mA, I, =0.2525 mA
=0.0025 mA

leo
lso
lgoRe +Vee (on)+ 1o (Ry+ R )-5=0
(0.0025)(50)+ 0.7 +(0.2525)(0.1+ R, ) = 5
. =164kQ

R
V, = —(0.0025)(50)-0.7 =-0.825 V
Ve =Vigq +Ve =3-0.825=2.175 V

R, = 32175 R, =11.3kQ
0.25  EE—
_ PR
A= r,+(1+8)Rg
p 2 100(0:026) 104
0.25

—(100)(11.3)
~10.4+(101)(0.1)

R =R|[r. +(1+ )R]
=50[[10.4+(101)(0.1)]

= A =-55.1

R =50[20.5= R =145 kQ
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6.16
Vee —Verg ~9-5.20
Ro+Re 2242
lgo =0.00754 mA; I =0.9123mA
Ry = (0.1)1+ g)R. =(0.1(121)2) =242k Q
VTH = IBQ RTH +VBE (On)+ (l+ﬂ)IBQRE
=(0.00754)24.2)+0.7+(0.9123)2)=2.707 V

Now Vq, =2.707 = Ri. Ry Vee = Ri(24.2)(9)

1 1

Or R, =80.5kQ andthen R, =34.6kQ

I

=0.905 mA

(@ |1 cQ

®) r, =w:3.448 kQ
0.905
. _ 0995 5y 81mAv
0.026
r, ~ 190 k0
0.905
V, =i, (RR[r, )=, (80.5[34.6[3.448)
V, =i (3.02)
v, =—¢ mV;r (ro RC "RL)

Then R, =~ =g, (3.02)110]22]1) = -(34.81)3.02)(1 10]0.6875)

S

Or R, =-71.8 V/mA
(¢) For =100,
2.707-0.7

- _—0.008873 mA
5 24.24(101)2)
leo =0.8873mA
r, _ (100)0.026) =293kQ, g, = 08873 _ 34 13mAnv, r, =
0.8873 0.026 0.8873

V, =isRpa|lr. ) =i, (2422.93)=1, (2.6i4)

Ry = =% = ~(34.13)2.614)113[0.6875)=~61.0 V/imA

m |S
For =150,
2.707-0.7
r.=4225kQ, g, =355mA/V, r, =108k
V, =i, (24.24.225)=i,(3.597)

»

C

Ry = =2 = ~(35.5)3.597)(108[0.6875) = ~87.2 V/mA

m -

IS
So 61.0<|R,|<87.2 V/mA

=113kQ
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6.17
. 0.8
@ () g :Ezo.oo9877 mA, g =0.790 mA
f 2 _2025K0
0.009877
R = L(_S) =253kQ
0.79
(i) g, =97 _s30a8 mA/V, T, 100 7k
0.026 0.79

r,|Re =127)2.53 =2.48k Q

- 248

[ :
G, =—2= —(30.38)(ﬂ] =-11.63mA/V
v, 2.48+4
: 0.8
(b) (i) 1o =-=0.00661mA, g =0.7934 mA
5 = 02 _303k0
0.00661
Re _3-09 5 540
0.7934
(i) 9, _ 07934 30 s2mAnv, r, -3 _jo1ka
0.026 0.7934

r,|Re =101[2.52=2.459kQ

G, =—(30.52 2499 ) 162mAv
2459 +4

6.18
: 0.25
(@) (i) lgg =5~ =0.00208mA, Igo =0252mA
5=(0.00208)2.5)+0.7+(0.252)Ry = R, =17.0kQ
Vego =3=10-(0.252)17)-(0.25)R. = R =10.9kQ

Qi) g, =22 _9615mAM, T, :M:IZ.%I{Q
0.026 0.25

12.48
A, =0 (Re|R. { - E’R ] = —(9.615)(10.9”5{m] =275

V4 S
(iii) v, = ~(27.49)5x10~ sin wt)=-0.137 sin wt (V)
(b) (i) 5=0.7+(0.252)R; = R, =17.1kQ
Vego =3=10-(0.252)17.06)-(0.25)R;. = R, =10.8kQ
(i) g, =9.615mA/V, r_ =12.48kQ
A, = =0, (Re|R.)=-(9.615)10.8]5) = -32.9
(iii) v, = —(32.86)(5>< 107 sin wt)z —0.164sin wt (V)
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6.19
@ () 1oy ==~ 0005292 mA, = I, =0.4234 mA
¢ 254(81)10) e
Un _ 04234y 2 man, r, :w:mmg
0.026 0.4234
r 4.91
A, =-g.(Rc|R | =—16.28)5]5| ————|=-26.97
o= =0 (Re] L{I’”+RSJ (1628 {4.91+2.5]
v, A
IO: = —
RL I:QL
i -26.
or G, =-"2= 2697:—5.39mA/V
19

S
(i) v, = —(26.97)4x107 sin wt)=—0.108sin wt (V)
i, = (-5.39x107 410 sin wt)= —21.6sin ot (u A)
. 5-0.7
(b) () leg = (120)(

2.5+(121)10)
o 04256 _ ) ¢ 20 A, - (120)0.026)
0.026 0.4256

A, = —(16.37)(5||5(77i] =-30.5

j =0.4256 mA

=7.33kQ

33+2.5

6, =205 o1 man

(i) v, = —(30.5)(4 x107° sin a)t): —-0.122sin wt (V)
i, =—244sinwt (uA)

6.20
R =R/|R, =27[15=9.64 K

R 15
Vo, = —2— |V, = 9)=3214V
™ [R1+RJ “ (15+27)( )

Vi —Vee (on) 3214-07 2514

Ry +(1+8)R. 9.64+(101)(1.2)  130.84
lyo =0.0192mA I, =1.9214 mA

100)(0.02
0 =2 _ioman t _ (100)(0.026)
0.026 1.92

Ry

=135K

©  mE i @ B B
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- [ lRe
Vo = gmvlr (rO "RC ”R'—) V” _[r” "RTH + RS JVS

r, R =1.35[9.64 =1.184 K

V. :( 1.184 jVs
1.184+10

=0.1059V;

A =-(73.9)(0.1059)(52.1]2.2]2)
=—(73.9)(0.1059)(52.1][1.0476)
=—(73.9)(0.1059)(1.027)

A, =-8.04
[ ulR
A,=I—°: TR+ R,
I, v,

RTH "rzr

r (R
A =-9, (Rn "r”){r”R!—:RL]

r|Re =52.12.2=2.11K
Rr[r, =9.64[1.35=1.184 K

A :—(73.9)(1.184)[ 211 j

2.1142

A =—449
R, = Rey ||r, =9.64[1.35
R =1.184 K

6.21

035

e =035mA, 15 =—==0.00347 mA

Vg =—13Ry =—(0.00347)10) =V, = —0.0347V
Ve =Vy =V (on) =V =-0.735V

Ve =Vego +Ve =3.5-0.735=2.77V
le = p g = 100 (0.35)=0.347 mA
1+ 101
ViV, 5-2.77
= = -
e 0.347

Re

R, =6.43kQ
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(c)
_ RB"r/r
Au - gm[RB"rﬂ N RS J(RC ||r0)
=03 33 may, r =12 _agsin
0.026 0.347
. - (100)0.026) _ 2 49K0
0.347
Rg|r, =10[7.49 =428k Q
A, = —(13.3{ij(6.43"288):> A, =-81.7
4.28+0.1
d.
RB"r/r
A =—q |—207
v gm[RB"r” + Rs J(RC "ro)
Rg|r, =10]7.49 =428 kQ
A, = —(13.3{ij(6.43||288):> A, =749
4.28+0.5
6.22
a.
Ry =R [R, =6[1.5=12kQ
(R \,. (15 ~
Vi _[Rl +R2)V _(1.5+6j(5)_1'0V
Vi —Vge(on)  1.0-07
TR (14 AR, 12+(8n(0) O mA
leg =2.80 MA, I, =2.81
Vero =V* —lgoRe — o Re
=5-(2.8)(1)=(2.81)(0.1) = Vey =192V
b.
p, - 18000026) _,y o7y
2.80
2.80
gm =W=108mA/V
()
R1||R2||r7z
A = — (R |R
v gm(R1||R2||r,,+RS ( C" L)

R/[R, |, = 6|1.51.67 =0.698k Q

A, = (108)(ﬂ](1||1 2)=458

0.698+0.2
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6.23
a.

9 = 1goRe +Veg (0n)+ 15 R,

leg =0.75 mA, Iy, = Oé—715 =0.00926 mA

leg =0.741 mA
9=(0.75)Rg +0.7+(0.00926)(2) = R, =11.0 kQ

Ve =9-(0.75)(11)=0.75 V
Ve =Vg —Veo =0.75-7=-625V
- —(-9) _9-6.25

R. = R. =3.71kQ
© g TR AL,
C.
r/Z'
A =0 el
r, _ (80X0.026) _ 2.81kQ
0.741
r=—50_ _j08kQ
0.741
~80
A, = 71[oft
v 2.81+2 (3 7o 08)
A, =—439
d.
R, =Rg +r, =2+2.81= R, =4.81kQ
6.24
4-0.7
(a) For #=80, I, _(80)[5+ (81)(5)} =0.6439 mA
009 T mA, 1, :M:&Z}kﬂ, L =—2 __777kQ
0.026 0.6439 0.6439
R 2
= "+ [Ra v, = B23}s) v, =(0.6624)v,
r.|Re +Rs (3.23]5)+1

A =-0, -\;—”~(r0 Re R, ): —(24.77)(0.6624)(77.7||4||4): -32

S

4-0.7
For #=120, lg =(120) ————
or b oo = ){5+(121)(5)

g, =24.97 mA/V, T, =4806kQ, 1, =77kQ
(4.806[5)

v, =W~US =(0.710)v,

A, =~(24.97)0.710)77]4J4)= -34.6
So 32<|A|<34.6

} =0.6492 mA
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(b) Ry =Rg]lr,
For #=80, R;=53.23=1.96kQ
For f=120, R, =5]4.806 =2.45kQ
So 1.96<R; <245kQ

© R, =R¢]r,
For #=80, R, =4|77.7=3.804kQ
For =120, R, =4|77=3.802 kQ
So 3.802<R, <3.804kQ

6.25

Vee =10V

Assume an npn transistor with =100 and V, =co. Let V. =10 V.

0.5
|Av|—m—

Bias at log =1 mA and let Re =1kQ

For a bias stable circuit
Ry = (0.1{1+ )R = (0.1)101)1)=10.1k Q

1 1 101
Vi =R Ve =R—(10.1)(10)=R—

1 1 1

50

1
IBQ :m:()OlmA

Vi = lggRry +Vee (on)+(1+ )l so Re

lRﬂ =(0.01)10.1)+0.7 +(101)0.01)1)

1

which yields R, =55.8kQ, R, =123kQ

Now
. - (100)(;).026) C6KO
U L _3g46mAv

0026
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Vo = _gmvzz RC
Ri[R, | 10.1)2.6
where V, =| ————— |-V, =| ——— |-V, =0.674V,
Ri[Rar. +Rs 10.12.6+1
Then A, = x— =—(0.674)g,R. =—(0.674)(38.46)R, =50
which yields R, =1.93 kQ

With this R, the dc bias is OK.
Finish Design, Set R, =2kQ , R =1kQ

R, =56kQ, R, =12kQ
Ry =R/|R, =9.88K

vTH:( R, jvccz[ 12 j(10)=1.765V

R +R, 12+56

1.765-0.7
=020 960 uA
% "9 88+ (101)(1) #

e =0.9605 mA
100)(0.026
r, _(100)(0026) _, 207 g, = 22903 _3604
0.9605 0.026

Ryl =2.125K

R
Ve :[L"r”}vi =( 212 j-vi =(0.680)-V,

Roy |, +Rs 2.125+1
A, =—(0.680)g,,R. =—(0.680)36.94)2) = —50.2

Design specification met.

6.26
a.
6-0.7
lgg =~ =0.0169 mA
2 10+(101)(3)
leg =1.69 mA, I, =1.71 mA
Veeo = (16+6)—(1.69)(6.8)—(1.71)(3)
Vego =538V
b.
1.69
=—— =65mA/V
I = 0026
100)0.026
ol
1.69

(©
A = _ﬂ(RC"RL) . RB"Rib
Vo +(1+ B)Re Rg|Ry + Ry

R, =T, +(1+ B)R. =1.54+(101)(3) = 304.5 kQ
Rs |R, =10[304.5=9.68 kQ
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Then

=-1.06

—(100)(6.8"6.8)( 9.68 J

v T 154+ (101)3) \9.68+0.5
. Re .
I :[Rc"’RLJ(_ﬁIb)
i, = Ro y
* Ry +r, +(1+p)Re | °
RC RB
A :_(ﬁ)[RC+RLJ(RB+r,,+(1+ﬁ)REJ

6.8 10
=—(100 A =-1.59
( )(6.8+6.8j{10+1.54+(101)(3)):> '

@ Re=RotRs [R, =0.5+10]304.5=10.2 kQ

(e
A -BRe[R,) _-(100)6.8]6.8)
", +(+ AR 1.54+(101)3)
A, =-1.12
A, =-1.59, same as part (c)

6.27
%HH[
r= UCE — L
g ITIUCe g m
1
So 1, =r.|—]r,
m
6.28

R
(a) Set —==12.5=R. =12.5R;
RE

Set Vg =1.5233- 1o (Re +R:)=3.3-1,(13.5R;)
Set .o =0.ImA, = R =1.33kQ and R; =16.7kQ

We find 15, =0.833 1 A

Set Ry =(0.1)1+ B)Re =(0.1)121)1.33)=16.1kQ

Vi = aoRpy +Vee (0n)+(1+ )1 5o Re =(0.000833)16.1)+0.7 +(121)0.000833)(1.33)
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Vo =0.8475:L-RTH Ve :i(16.1)(3.3)
Rl Rl
So R, =62.7kQ, R, =21.7kQ
Actual gain:
~ (120)0.026)
0l
Ry =1, +(1+ B)Re =31.2+(121)1.33)=192.1kQ
R, =Ry [Ry, =16.1[192.1=14.85 kQ
Then A — —(120)16.7) ( 14.85 j=—10.4
" 31.2+(121)1.33) (14.85+0.1
(b) R, =Rs+R, =0.1+14.85=14.95kQ
R, =Rc =16.7kQ

=312kQ

6.29

19 2.

Need a voltage gain of

Assume a sign inversion from a common-emitter is not important. Use the configuration for Figure 6.31.

Let Rs =0. Need an input resistance of
-3
=20 2510 = R, =25K0)
0.2x10"

R, = Rpy|Ryy. Let Ry =50kQ, then Ry, =50k Q

Rib =r, +(1+ﬂ)RE E(I'F:B)RE
Ri,

For =100, R, = 50 —=0.495kQ
1+ ,B 101

Let Re =0.5kQ, Ve =10V, 1, =02mA

Then g, = % =0.002 mA

Viy = Lo Ry +Vee (0n) +(1+ ) 154 Re
1

1

which yields R, =555 kQ and R, =55 kQ

- 100)(0.026
NowA = PR _(100)(0020) .,
r.+(1+8)Re 0.2
So
100
-20= #: R. =12.7 kQ

13+(101)(0.5)

coRe =(0.2)(12.7) = 2.54 V.

[Note: So dc biasing is OK.]

=R Ve = Ri(so)(lo) = (0.002)(50)+0.7 +(101)(0.002)(0.5)
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6.30
RC
Set —< =15= R, =15R,

E

Set Re =5 kQ, then Ry =0.333kQ
Set 1o =0.5mA, then Ve, =5-(0.5)5.333)=2.33 V
r,=4.68kQ, R, =r, +(1+ /)Ry =4.68+(91)0.333)=35kQ
Set R, =22k Q =Ry |Ry, =Ry [35= Ry 260k Q
Now lg, =0.00556 mA, Ig, =0.506 mA
Vee = lgqRe +Veg (on)+1 so R +Vry

=(0.506)0.333)+0.7 +(0.00556 }60) + V5,

1 1
Vo, =3.798=R—1-RTH Ve =R—1(60)(5)

Sothat R, =79kQ and R, =249kQ

6.31

B =120
Letl , =0.35mA, I, =0.353 mA
=0.00292 mA
Let Re =2 kQ. For Vg, =4 V=10=4+(0.35)R. +(0.353)(2)
(120)(0.026)
0.35
A(RIR) _ (120)(15.1]10)
r 8.91
A =-81.0
For bias stable circuit:
R ||R =Ry =(0.1)(1+ B)Re
0.1)(121)(2) =24.2 kQ

[ J(IO RLR (10)=5

H |BQRTH +VBE(On) (1+ﬂ) BQ E

R =151kQ,r = =8.91kQ
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%(24.2)(10)—5 =(0.00292)(24.2)+0.7 +(121)(0.00292)(2) -5
1
RL(242) =1.477, R =164kQ
1 SR
LoaR, _ 242 =R =28.4KkQ
164 +R, A ——
_ 10 0.052, 0.35+0.052=0.402 mA
164+28.4 -

So bias current specification is met.

6.32
Ry =R,|R, =33|50=19.88 kQ

R 50
Vg =| =—2— [V = 33)=1.988V
™ (R1+R2J c (50+33j( )

33=(101)1 5o (1)+0.7+ 150 (19.88)+1.988

So 1o =0.005063mA, 1o =0.5063mA, I, =0.5114 mA
Veeo =3.3-(0.5114)1)-(0.5063)2)=1.776 V

Then AVg. =1.776-0.5=1276V, or AVg. =3-1.776=1.224V

S0 AVg. =2(1.224)=2.448 V peak-to-peak

6.33
Lo 5-0.7
#7504 (101)(0.1+12.9)
g =0.315 mA, 1., =0319 mA
Veeo =(5+5)-(0315)(6)—(0.319)(13)
Vo =396 V

=0.00315 mA

A

\\-— AC load line
\ . ]
\\ Slope 5IK

0315 ———=

. 1
AIC = _aAVeC

For Ai_ =0.315-0.05=0.265 = |Av,.|=1.62
V.. (min)=3.96-1.62 =2.34
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Output signal swing determined by current:
=3.24 V peak-to-peak

Max. output swing

6.34

(@) 5=(81)150(10)+0.7+14,(2.5)
So that 15, =0.005292 mA, I, =0.4234 mA, |, =0.4287 mA
Now Vo =10-(0.4234)5)-(0.4287)10)=3.60 V
AVee = Alc(Re|Ry )= Al (2.5)
For Al =0.4234 = AVg. =1.06V
So that AV, =2(1.06)=2.12V peak-to-peak

(b) Al =2(0.4234)=0.847 mA peak-to-peak

6.35
leg =0.8mA, 1o =0.790 mA, |4, =0.009877 mA

Ve =0.7+(0.009877)20) = 0.898 V

Ve =(0.79)2.5)-5=-3.025V
Then Vo, =Ve -V, =3.923V

AVge = Al (Re|R )= Al (2.5]4)= Al (1.538)
For Al =0.79-0.08 =0.71mA, then AV, =(0.71)1.538)=1.09 V
So, Alg =2(0.71)=1.42mA peak-to-peak,

Ai, = 2.3 Al =0.546 mA peak-to-peak
25+4

6.36
| 6-07
® 7 10+(101)(3)
leg =1.69 mA, I, =1.71 mA
Veeo = (16+6)—(1.69)(6.8)—(1.71)(3)
Vego =538V

=0.0169 mA

v<— AC load line

1.69
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For v, (min)=1V, Av, =5.38-1=438 V= |Ai |=

Output swing limited by voltage:
Av,, = Max. swing in output voltage

=8.76 V peak-to-peak

Ai, :%Aic = Aj, =0.342 mA

or Ai;, =0.684 mA (peak-to-peak)

4,
6

38

=0.684 mA
4

6.37

AC load line
\ Slope = ==

2.65 105K

L3
loglome \

/Q-pnint

100
r,=—0
leo
Neglect r, as 1st approx.: dc load line Vee =9-1c(34)
Alg =1g —0.1
AVee :VCEQ -1
Also AV = Al¢ (Re|R.) = Al (1.05)
Or Vg —1=(lgq —0.1)(1.05)
Substituting the expression for the dc load line.
[9-1co (3:4)=1] = (1o —0.1)(1.05)
8.105= 1, (4.45)= I, =1.821 mA
Vegg =281V
1.821
lgo =——=10.01821
%100

(0.1)(101)(1.2)=12.12K

RTH =
Vi :E.RTH Ve =H(l2.12)(9):(0.01821)(12.12)+0.7+(101)(O.01821)(1.2)

1 1
1 1
=0.2207+0.7+2.20705
R =349K
R, =18.6 K
349R, 1y 1o

349+R,
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6.38
dc load line

5

=4.55
T3 0. 4.55 mA
AC load line
\\ /_ I
Slope =

Ieg

For maximum symmetrical swing

Aig =1go —0.25
. 1
AVee =V —0.5 and (Al | = ———] AV,
CE CEQ | c| 0.545kQ| CE|
Vego —0.5
leg—0.25=—"2—"

0.545
Vego =5— 1o (1.1)
0.545(1o —0.25) =[5 15y (1.1) |- 0.5
(0.545+1.1) Iy =5-0.5+0.136
leg =2.82mA, 1y, =0.0157 mA
Ry =R[R, = (0.1(1+ B)R,

=(0.1)181)0.1)=1.81kQ

1

Vo, - Rog V" = lgo Ry +Vae (0n)+(1+ A)l 5o Re

1

Ri(1.81)(5) =(0.0157)(1.81)+0.7+(181)(0.0157)(0.1)

1

Ri(9.05) =1.013= R, =8.93 kQ

1

8.93R,
8.93+R,

=1.81= R,=2.27 kQ

6.39
log =0.647 mA, Vi =10-(0.647)9)=4.18 V
Ai, =1¢y =0.647 mA
So Av,, =Ai, (4]4)=(0.647)2)=1294V

Voltage swing is well within the voltage specification. Then Av,, = 2(1 .294) =2.59 V peak-to-peak.
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6.40
(a) AU — (l+ﬂ)RE
re+(1+B)Re
0.92 =m:> r.=5.261= PV _ (12040.026) = lgo =0.593mA
r, +(121)0.5) leo e
b r=2a -2 33710
leg  0.593
_ (+B)n[R)
r+ 1+,8)(r0||RE)
r,|Re =33.7)0.5=0.4927 k Q
Then A, = (121)0.4927) =0.919
5.261+(121)0.4927)
(c) For(a), R, = Rg|[—*—=0.5—— 52601, 5[0.04348 = R, =40Q
0 R+ B 121

For (b), R, =Re]r,

ﬂ—004||337:>R =39.95Q

6.41
(@ Ryp=r, +(l+ﬁ)RE
(1+:3)RE _ (1+:3)RE

v ( +P)Re Rip
Re = (A JRy)_(0 9N50) _ ¢ 58610y
1+ 4
50=r, +(81)0.586)=r, =2.5kQ
r, A leo :wﬂ.sazm
leo 2.5
(b) R, =R 1+/3 =0. 586H—=0 586]j0.03086
R, =29.3Q
6.42
() g,=7692mA/V, r, =1.04kQ, 1, =25kQ
y = L+ p), (81)05) =0.999
Re+r +(1+4), 1+1.04+(81)25)
R =Rg +r, +(1+8)r, =1+1.04+(81)25)= R, =2.027MQ
R, =1 =t Re s (1'04”):25"0.0252: R, =252Q
s 81
(b) r, =104kQ, r, =250kQ
(81)250)

=0.9994

Y T 14104+ (81)250)
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R, =1+10.4+(81)250)= R, =2026 MQ

R, =25 0”[10.41“

. j =250[0.1407 = R, =141Q

6.43
r.+R
R —_Z S
@ R 1+
0015=1%5 ¢ L1 31510
121
r. :ﬂvT = e =M=2.37m
leo 1.315
50
b) r,=———=21.07kQ
®) % 2.373
Y (121)21.07)
" Rg+r, +(1+8),  05+1.315+(121)21.07)
6.44
a.
Ry =R R, =10[10=5kQ
R 10
Vig = 2 (18)-9= 18)-9=0
h (R1+R2 J( ) [104'10}( )
0-0.7—(-9)
=—————2=0.0869 mA
% 54(181)0.5)
leg =15.6mA, I¢, =15.7mA
Vg =18-(15.7)0.5)=10.1V
b.
\<— AC load line
\ —1
\ Slope = 53703
156f——————————
|
|
| .
10.1 18
C.
. - (180)0.026) _ 030K0)
15.6

(1+ A)Re[R.) { Ri[R:[Rs J
R|

VT +(1+ﬂ)(RE||RL). |R2||Rib +Rg
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R =1, + {1+ B)Re|R, )= 0.30+(181)0.5]0.3)= 34.2 k@
Ri[R,|Ry =35[34.2 =436 kQ

~ (181)0.5)03) ( 436

" 03+(81)0.5J0.3) (4.36+1

] = A, =0.806

Ri :rﬂ+(l+ﬂ)(RE"RL)

Ry, =0.30+(181)0.188)=34.3kQ
R,[IR,[R

(¢J°5 [LSHI]j R 6150
1+p

R =R
o E 181

6.45

Ry =R R, =10[10=5kQ
R
Vo, = 2 ~10)=-
e e
Vi = lgoRoy +Vee (0n)+(1+ B)l 5o Re 10
_ —-5-0.7-(~10)
T 54(121)2)
leg =2.09mA, I =2.11mA
Vg =10-(2.09)1)-(2.11(2)=3.69 V

=0.0174 mA

~

\
v AC load line

2.09

o _(120)(0026) o o

7 2.09

A = (1+8)(Re[R.) ( R [[R[[ R j
r,+(1+8)(Re [R.) \R[IR:[IRy, +Rs

Ry =T, +(1+ B)(R |R.) =1.49+(121)(2]2)

Ry, =1225kQ,  R/|R,||R, =5[122.5=4.80 kQ

__ (2n(22) (480 .
A TraneR) (4.80+5j = A =048
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d.
Rip =T, +(1+IB)(RE"RL)
R =149+ (121)22)= R, =122k Q
{r,, +R, R, [Rs J (1.49+5||5J
R, =R, =2 =R, =3240
1+ 121
6.46

(@ Rpy =R,|R, =585]135=109.7kQ

R
Vi =| —2 v =[ 12 J33)=0.61875V
R +R, 135+ 585

33=(1+ )l goRe + Veg (0n)+ 1 5o Ry +Voy
33-0.7-0.61875
B 109.7+(91)12)
Then I, =0.1484 mA, |, =0.150 mA
Veeo =3.3-(0.15)12)=1.5V

=0.001649 mA

(c) rﬁ=w=15.77k9, r, __ 0 _s0ako
0.1484 0.1484
1+ AN Re[R)

", (4 A Re R
ro|Re R = 404124 = 2,978k Q

~ (91)2.978)
v 15.77+(91)2.978)

Ry =T, +(1 +ﬁ)(ro Re |R, )= 15.77+(91)2.978) = 286.8 k Q

A=+ Rry ro |Re :(91)( 109.7 j 40412 e
| Ry +Ry A r|Re +R, 109.7+286.8 | 404[12+4

d) R, =2868kQ

=0.945

r .
R, =Re|r, [ =12]404 1577 R, =171Q
1+ 91
6.47
(a)
lgg = 0'15 =0.00617 mA

V, = l4oRy =(0.00617)(10) =V, =0.0617 V
Ve =V, +0.7=V, =0.7617 V
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(b)
80
leo = (0.5)(5) =0.494 mA
|
N _ e 0494, g, =19 mA/V
Vo 0026 P
80)(0.026
r, P :L:rﬂ =4.21kQ
leg 0.494 e
P 10 soaka
lg 0494  *——
(©)

For Ry =0
\Y
v, = —(r—u 9.V, J(RL”ro )
sothat V_= Vo

T

)

Now V, +V_ =V,

Y
V,=V,-V_=V, 4——°

7 et

T

We find
Ve (eplR)  (B)M0spos)
"V, +0+B)NR ) 421+(81)0.5304)
A, =0.906
Rp =1, + {1+ B)R.|r, )= 4.21+(81)0.5)= 447k Q

R r
I, = B 1. and | = ° 1+ Bl
b (RB+RJ s ° (r0+RLJ( 2
Then

el e o
A=) 15105 0= A1as

10+44.7
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(d)

VS _(RB"Rib + RS J VS _{]0"447_'_2 Vs _(0803)\/S

Then A, =(0.803)0.906)= A, =0.728
A, =14.8 (unchanged)

6.48
(a)
o =198ma, 1= 10000026) _, 5154
1.98
v
=2 =1% _505k0
leg 198
R
SR 131+10||505:R 1120
R 1+ 8

(b) From Equation (6.68)
(+A)(LIR) 100

= =——=505K
r,+(1+B)(rn|R) ° 198
()
R =05K
_ (101)(50.5]0.5)
~ 1.31+(101)(50.5]0.5)
___(10n)(049s1) A 0974
1.31+(101)(0.4951)
(i)
R =5K
(101)(4.55)
= =0.997
A 131+(101)(4.55) A
6.49
(a) 5;2'7 =l =1303mA, I =129mA
Veeg =0.7-(=5)=5.7V
(b) r, =M:2.zl7kg, =0 ~3876kQ
1.29 1.29
@+ﬂ( )
r +(1+/3( )
r,|Re R, :38.76||3.3||1 =0.7525 kQ
- (111)0.7525)  _ 0.974
2.217 +(111)0.7525)

Rm=5+0+ﬁﬁo

)=2217+(111)0.7525) = 85.7k ©
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R, =—=
1+ p

. Us(t) 2.8sin wt
t)= kil
© i) Y

()= (1+ /;)[RE—””J.iS(t):(111)(ﬂj(3z.7sm o)

Re|r, +R 3.041+1
or IO() 2.73sin wt (mA)
v, (t)=i ()R =2.73sinwt (V)
0y (t) =i, (t)r, =—(32.7sin wt)2.217)
vy, (t)==72.5sin wt (mV)

d IRe]r, = 2217||33||3876:>R =19.80Q

=i (t)=327sinot (uA)

6.50
a.
IEQ =1mA, VCEQ =V — IEQRE
5 =10—(1)(RE):> Re =5kQ
I =1—(1)1:0.0099 mA
10=15qRg +Vge (on)+ IeoRe
10= (0.0099) Rg +0.7+(1)(5) = R, =434 kQ
b.

Yy

R}".'
, 2(100)(0:026) ) v
0.99

V_0: (1+ﬂ)RE — (101)(5) =0.995
v, r.+(1+B)R. 2.63+(101)(5)
=V, = N _ 4 =V, =4.02 V peak-to-peak at base

0.995 0.995

Ry
— A7,

() S kilk
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Ro =1, +(1+ B)Rc =508 kQ
Re [R, = 434[508 = 234 kQ

Rs [IRs 234 234
Vo = R Vs = = Vs
e |Ri +Rs 234+0.7 2347
V. =0.997v. = v. =92 .\ 2403V peak-to-peak
b . s s~ 0.997 s . p p

Ry =1, +(1+8)(Re R, )
R, =2.63+(101)(5]1) =86.8 kQ
R R, = 434[86.8=72.3 kQ
72.3

v, = (72.“0'7)-05 =0.990, =(0.99)4.03)
vy =3.99 V peak-to-peak
b = (l+ﬂXRE”RL) _

° r. +(1+ﬁ)(RE||RL)

- 2.6?2 8((?1.;5(3233)'(3'99)

v, =3.87 V peak-to-peak

b

6.51
Ry =R|R, =40[60 =24k Q
60
Vi =| ——— [10)=6V
™ (60+40j( )
6-0.7
For f=75, lgo =————=0.0131mA
orA=73. Tag 24+(76)5)
leo =0.984 mA
6-0.7
For =150, |z, =—————~—=0.00680 mA
or A=130. Teo =5 is1)5)
leo =1.02mA
For g=175, rﬂzwzl.%kg
For =150, r”:%g'zo%):&&kﬁ

For f=75, Ry =t, +(1+ B)YRe|R. )= 65.3kQ
For =150, R, =130kQ
_ (1+/3)(RE"RL) ) R1"R2"Rib
"+ 1+ AR |R) R, ||R2||Rib +Rq
For B=75, R|R,[R;, =40]60]65.3=17.5kQ
__ (76)0.833) 175
Y 1.98+(76)0.833) 17.5+4

=0.789
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For =150, R,|R,||R;, =40]60[130=203kQ
(151)0.833) 203

v 7382+ (151)0.833) 20.3+4
S0 0.789 < A <0.811

RE RTH
A :(1+'B)[RE+RLJ(RTH +Ribj
B=75

5 24
A= (76)[EJ(Z4+65.3J =A=170
B =150

5)( 24
A _(151)(gj(24+130j: A =19.6
17.0< A <19.6

=0.811

6.52

2.80< 1, <554 mA
Vo =1.R., =50, V=280V
B=200, V=554V
) =50 lg=2748mA, 1, =0473K
=200, l,=5515mA, 1, =0943K

R; = RB"[rﬂ +(l+ﬂ)(RE"RL)]

£=50, R, =100]0.473+(51)1J1)]=100[25.97 = 206k
£=200, R =100][0.943+(201)11)]=100[101.4 = 503k

From Fig. (6.68)
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(1+8)(Re[R.) [ R j
r,+(1+8)(Re|R.) \ R +R;
_ (s [ 20.6}
0.473+(51)(1]1) L 20.6+10
B=50= A =0.661

A =

B=200= A =

(20n(1fy) ( 503 ]
0.943+(201)(1[1)\ 50.3+10
A, =0.826

6.53
\'A =(l+ﬂ)|bRL
=
" +(1+ B)R,

oA = (1+ B)R,
r.+(1+8)R,

For f =100, R, =0.5 kQ

100)(0.026
r :—( )0(5 ):5.2 kQ

_ (101)(0.5)
Then A, (min) = W =0.9066

Then £ =180, R_ =500 kQ
(180)(0.026)

r = D0 936k
0.5
181)(500
Then A, (max) = (181)(500) =0.9999
936+ (181)(500)
6.54

(@ VCEQ =V — | EQ Re

Let Vieg =2.5V, then 2.5=5-15,(0.5)= I, =

=0.624kQ

T

(120)0.026)
5

leg =5mA, 14, =0.04167 mA

Ry =1, +(1+ B)Re |R, )= 0.624+(121)0.5/0.5)=30.87 kQ

R R
A‘:(Hﬂ)(R R J[R R J
H + Rip e TR

Ry

10=(121 [ 0.5 j:RTH:6.113kQ
Ry +30.87 A\ 0.5+0.5

Vi = o Rpy +Vee (0n)+ 1o Re =(0.04167)6.113)+0.7 +(5(0.5) =3.455 V

Viy :3.455:L-RTH Vee :L(6.113)(5)
Rl Rl

So R, =885kQ and R, =19.8kQ
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R, =Re[——==0.5—— =R, =5.10Q

1+ 121

r HO.624

R R
®) A‘:(“ﬂ)[R R j(R R J
TH ib E L

R =T, +(1+ B)Re|R, )= 0.624+ (121)0.5]2) = 49.02 kQ

A < (121 6113 05 )_, e
6.113+49.02 | 0.5+2

6.55
R =Ry |Ry where Ry, =1, +(1+ ) Re
Veeg =35, g % =0.75 mA
- (120)(0.026) _ 16K

0.75
Ry, =4.16+(121)(2) = 246 kQ
Then R =120 = R, [246 = Ry, =234 kQ
lgg = 075 _ ) 00625 mA
120
Vi = lgoRry +Vee (0n) +(1+8) 15 Re
Ri- Ry Ve = Ri(234)(5) =(0.00625)(234)+0.7 +(121)(0.00625)(2)
1 1

which yields R, =318 kKQ and R, = 886 kQ

6.56

a.

2
LetRe =24 Qand V., =1V =12V= 1 =7 =05A

o =0493 A, 1., =658 mA
o _(15)(0.026) o
0493
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Rip =T, +(1+ﬁ)(RE"RL)
=3.96+(76)(24[8)= R,, =460 Q

A :ILo (1+ﬂ)[ R j(RTHRT:R j

(76)( 24 j Ry,
24+8 )\ Ry, +460

0.140 = _Rw = R, =74.9 Q (Minimum value)
60 ——mmm

TH+

8

dc analysis:

1
Vi = E Rry -Vee

1
= lgoRpy +Vge (on)+1

%(74.9)(24) =(0.00658)(74.9)+0.70+(0.5)(24)

EQ RE

=13.19

136R,

R =136 Q.
— +

~749=R, =167 Q

2

A
\=<— AC load line
A i ~1
\\ Slope = e
0493 - ——————= e |
612

. 1
Alc = —g AVce

For Ai; =0.493 = [Av,|=(0.493)(6) = Max. swing in output voltage for this design

=5.92 V peak-to-peak

3.96

R =" |Re _H24 0.0521[24 = R, = 52 mO
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6.57
The output of the emitter follower is

vV, = R V.
o RL+R0 TH

R

[

.
IH o Ry

For Y0 to be within 5% for a range of Ri: we have

R, (min) _(095) R, (max)
R, (min)+R, R, (max)+R,
4

ey =(0. )101+0R0 which yields R, = 0.364 kQ
r, + R [Ry[R
We have R, = # IR |Ir,

The first term dominates
Let R ||R,|Rs = R, then

r. +Rg r.+4
R, 2-———=—=0.364=
1+ 4 1+ 4
r 4 4
or 0.364 =—"—+ __P% +
1+ 1+ lso(1+8) 1+p
V. 4
0364=—"+—
lo 1+8
4
7 20044 200305
The factor ' * 7 is in the range of 91 to 131 We can set
Or leq = 0.08125 MA To take into account other factors, set leg =0.15 A,
IBQ = 0.15 =0.00136 mA
110
R. = > =33.3kQ
~ E~" 1<
For Veeq =5V, set 15

Design a bias stable circuit.

Viy :[R Fj_zR ](10)_5 :RL(RTH )(10)_5

Riy = (0.1)(1+ 8)Re = (0.1)(111)(33.3) =370 kQ
Vi = lgoRuy +Vee (0n) + (14 8) 1goRe =5
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So %(370)(10) —5=(0.00136)(370)+0.7+(111)(0.00136)(33.3)-5
1
which yields R, =594 kQ and R, =981 kQ
owy = COEIR). (Rl )
I +(1+ﬂ)(RE IR) (R [Rs +Rs

r +(1+ 8)(Re|R.) anar, = 21

leg
For =90, R,_=4kQ,
r,=156kQ, Ry, =340.6kQ
(01)33.3)4)  370[340.6
" T 15.6+(91)33.34) 370[340.6+4
For =90, R, =10 kQ
Ry =715.4k0
(01)33.3)10)  370|715.4
" T 15.6+(91)33.3]10) 370[715.4+4
For f=130, R =4kQ
r,=225kQ, R, =490kQ
(131)33.34)  370[490
YT 225+ (131)33.3[4) 370[490+4

Rib

= A, =0.9332

= A, =0.9625

= A, =0.9360

For =130, R_ =10 kQ
Ry, =1030kQ
(131)33.3)10)  370[1030
¥~ 225+ (131)33.3[10) 370[1030+4
Now V,, (min) = |A, (min)|.v; = 3.73sin ot
Vo (max) =|A (max)| v, =3.86sin ot
Avy

= A, =0.9645

=3.5%

Vo

6.58
Puws =it (rms)R_ = 1=i; (rms)(12)
so i (rms)=0.289 A= i (peak)=+2(0.289)
i, (peak)=10.409 A
v (peak)=i_(peak)-R_=(0.409)(12)=4.91V

Need a gain of % =0.982

with Rs =10KR e will not be able to meet this voltage gain requirement. Need to insert a buffer or an

op-amp voltage follower (see Chapter 9) between Rs and Cer.
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Set I =0.5A, Vegg %(12—(—12)) =8V

24=1Re +Vego = (0.5)R. +8 =R, =32 Q

Let f=50, Ic, = %(0.5) =0.49 A

o 0.49

Ry =1, +(1+ B8)(Re R ) = 2.65+(51)(32[12)
R, =448 Q
__(+A)(RefR)  (5)(32)12)
ro+(1+B)(Re|R.)  2.65+(51)(32[12)

So gain requirement has been met.

= 049 =0.0098 A=9.8 mA
50

o

=0.994

lso

Letl, = =101, =98 mA

1 + RZ
So thatR +R, =245 Q
RZ

(&](24) _(COOIRR, 74 (0.5)(32)
245 245

Now R, =245-R,
So we obtain

4x107°R; +0.0882R, —16.7 = 0 which yields R, =175 Q and R, =70 Q

= (24) =12 = IgoRpy, +Vee (0N)+ 1goRe —12

6.59
I
a) g, =—— =38.46 MA/V
@ 9 =502
Au = gm RC = (3846X2) =76.9
b A =L __120_4997
1+4 121
© Rl rﬂzwz3,1zk£}
1+ 1
R =312 R —2580
121
(d R,=R;=2kQ
6.60
@ e :(%}(2)=1.975mA
_L9T5 s grmany, 1 = B0X0026) ) o

m 2 1
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A, = g (Re|R. )= (75.97)1.5[2.5)=71.2

o {2 o
1+ 8 N Rc +R, 81 N1.5+2.5

r, 1.053
(©) Ri=—7o=-"72
1+ 81

@ r=—2 _405kQ
1.975

0

=R, =13Q

(i) Ree =, =40.5kQ
() R, =r[Rc|R, =405]1.525=0916kQ

6.61
@ I = Gioj(os) 0.4955 mA
g, - 04955 _ 10 06 mA/V. . (110)0.026)
0.026 0.4955
R
A =g, ~S
e
A, =3.77
(b) A = L1099
1+4 111
(©) 14277 _1 052102
1+ ﬂ 111

d R, =R, =4kQ

=5.77kQ

} 19. 06)(4j[5 77 ||1} 76.24)[0.05198]1]

6.62
0.7
a) |l,,=—=025mA
(@ Ig, 78

leg =1.50-0.25=1.25mA
Ve =(0.25)5+2.8)=1.95 V=V,

1.25 1B g osma, v, - _ (120)0.026)
7 0.0 1.25

In
A, =4, ( | R, )=(48.08)5]10)=160.3

(© (LI J 120}[4)20_3306
R+R 121 \ 5410

(b)

=25kQ
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6.63
(a)
leo = 10°07 _ .93 ma
lo =0.921 mA
Veeq =20-(0.93)(10)—(0.921)(5)
Veeo =6.10V
(b)
9, = 0921 _ 3542 marv
0.026
A =9, (R [R.)=(35.42)(5||50)
A =161
6.64
@ leo =0.93mA, g =0.921 mA
Vego =6.10V
O _ 0921 3542mA/V 1 =282K
0.026
(b)
From Eq. 6.90
(Rc "RL) r
= ~_||IR | R
A =0, TR R
35.42)(50]5
:7( )(59] )[2'82"10"0.1}
0.1 101
42)(4.54
A :w[o_ozlg]
0.1
A =351
6.65
(@ le=ImA g =09917mA
Ve =5-(0.9917)(2)=3.017 V
Ve =-07V
Veeg =3.72V
(b)
A =8n(Re[R)
"= 0917 _ 38,14 mAv
0.026

A =(38.14)(2]10) = A =63.6




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 6
Problem Solutions

6.66
a. Emitter current
leg = lec = 0.5 mA

_05 0.00495 mA
01

leq
Ve = IoRe = (0.5)(1) =V, =0.5V

Vg =V +Vge (0n)=0.5+0.7 =V, =120 V

Vg =V, + IyoR, =1.20+(0.00495)(100) =V, =1.7 V

b.
p = (100)(0026) ooy
(100)(0.00495)
(100)(0.00495)
h= - 19.0 mAV
0.026

Vo =-9,V. (Rq|R,)
_ _(RE”Rie)
" Re|Re +Rs
V, = (19)0.4971)v, (100]1)
A, =9.37

V, =—(0.4971),

\Y

I)( =R_X+_X_gmvﬂ’ Vzr =_VX
E V3

I, 1 1 1

= =—t+—+g,

VX Ri RE T

or R, = RE"r,,

L 1||5.253“i = 0.84]0.05252
On 19

R, =49.40
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6.67
(@ Ry =R|R, =150[50=37.5 kQ

Vi = [L] Ve = (5—0](9) =225V

R, +R, 50+150
Vi = lgoRey +Vege (0n)+(1+ B)l oo Re
_225-07
B 37.54+(126)3)
Vego =9-(0.4663)6)-(0.470)3)=4.79 V

_ 04963 15 oamany, r, =123000260) 05y

0.026 i 0.4663

o = ol 2 LN
i Rs|Re +R, \1+2

We find Rg[Re =100[3=2.913 kQ
I+ Ry _ 6.97+37.5

or | =0.00373 mA, I, =0.4663mA, |z, =0.470 mA

(b) 9n,

R, = ~03529kQ
1+ 5 126
Ry = [ﬁj[gj(ﬁuﬂ =2.12V/mA
2.913+0.3529 \ 126
© v, =i, (Rs|Re R )=, (L00]303529)= 1, (0.3148)
So i, = Vs
0.3148
Then A =Ye-Yol 212 ;o4
v, Iy v, 03148

6.68
(@) Vegg =Vee —leq (Re +Re)
Let Vegg =2.5V and 1, =0.25mA
Then 2.5=5-(0.25fR. +0.5)= R, =9.5kQ

o =i RelR )= (125 - RelR.)
US

P SR B
) Rie [rﬂ+RTH]
1+ 4

L el UL

s re + Ry
Now r_ =M=10.4k9
0.25
A =25=[ % Josp2)=—222 R —1081KQ
10.4+ Ry, 10.4+ Ry,

Also 15,5 =0.0025 mA

Vi = lgoRey +Vee (0n)+(1+ B)1 goRe =(0.0025)10.81)+0.7 +(101)0.0025)0.5)
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1
Vs, =0.853275 =Ri- Ry Vec :R—(IO.SI)(S)
1 1

Weobtain R, =63.3kQ and R, =13kQ
(b) Frompart(a), lco =025mA, Vo =25V

© A =0n(Re|R)
035 g Gismav
0.026

A, =(9.615)9.512)= 51

6.69
(@)
Veeg = laoRs + Ve (On) = (%)(100)4— 0.7
Veeg =2.34V
(b)
R. R r
g, R L){—l IR
s +p
gm = % =37.85 mA/V
r =1.59 K
(37.85)(100[2)1.59
- 00 [ o ||0.05}

=1484[0.0261]0.05 |
A =254
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6.70
i,(peak)=2.5 u A, V,(peak)=5mV
-3
Soweneed R, = Yo - X107 _=2x10'Q=R, =2kQ
Iy, 2.5x10°
We have
R [R
Yo _| £ (R.LR)| = —— R
Is 1+ﬁ RS"RE+Rie
LetR. =4 kQ, R =5kQ, R, =2kQ
Now £ =120, so we have
Rs R R |R
2= (@J(4||5) _RfRe ) 2204 — = — [Re
121 Ry [Re +R, Ry [Re +Re
R
Then —>—— R _ 0.9075
Rs |Re + R,
R |Re =502 =1.923 kO, so that R, =0.196 kQ
Assume Vg =3V
Vee = lgo (Re +Re ) +Vego
5=1lg(4+2)+3= I =0.333 MA
- (120)(0.026) _ 037 kO
0.333
e :&:0_196:M
1+ 121
which yields R;,;, =14.35 kQ
Now Vi, = lgo Ry +Vee (0n)+ IoRe
1 121
log =155 = 0-00833 MA, I, Z(E)(l) =1.008 mA
Vi =RL. Ry Voo =RL(14.35)(5) = (0.00833)(14.35) +0.7 +(1.008) (2)
1 1
which yields R, =25.3 kQ
and R, =33.2 kQ
6.71
a.
leo = 20297 _1 93 ma
leo =1.91 mA

Veco =Vee +Ves (0n)— I Re
=25+0.7—(1.91)(6.5) = Veeg =133 V
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Neglect effect ..
Assume
2.45<h, £3.7kQ

80<h, <120

fe =

V, :< ferXRC”RL)

h, R
Re =T, '(—]'
+ fe RE+Rie

_ Ie _ Vs
'y _(HhJ b= Rs +(Re|Re)

R e e i e

High gain device: h. =3.7kQ, h,, =120

R = _37 —=0.0306kQ
121

e

Re|Ree :10||0.0306:0.0305kQ

A, [lzoj( ||{ j L \oa =271
121 10+0.0306 | 1+0.0305

Low gain device: h =2:45kQ, hy, =80

_Z 15 =0.03025k Q2

ie

Re R =10]j0.03025 =0.0302k Q

A, ( )( ||( j( ! j:>AU=2.70
10+0.03025 | 1+0.0302

270<A £2.71
270<A =271 So A, = constant
c.
R = RE"Rie
0.0302 <R <0.0305 kQ
We found :

h.R =R =65kQ
Neglecting R, =Re =6.5k0
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6.72
a.  Small-signal voltage gain
A, = dn(Re|R)=25= g, (Rc|1)
For Vo =3V, V¢ =-Vego +Ves(0N)=-3+0.7=-23V
5-23 27
Vee = loRc +Ve =0= 1 (g =——=—
cc “leqRe TVe cQ Re Re
For I, =1mA, R; =2.7kQ
9, L 38.5mA/V
0.026

A, =(38.5)2.71)=28.1
Design criterion satisfied and Veco satisfied.

101
. = — [(1)=1.01 mA
. [mojo

Ve = IR +Vgg (on) = R = %: R. =4.26 kQ
b.
100)(0.026
r,= P :M: r,=2.6kQ, g, =385mA/V, r, =
leg 1
6.73

1
a = =—=3846 mA/V
( ) gml gmz 0026

L0000y 00020
(H@)[RE r]
A =V01 _ 1+ 4,
vl Vi rﬂz
rﬂ1+(1+ﬂl RE 1+ﬂ
2
We find R, |22 :1“&:0.02504 KQ
1+, | 81
Then A, = (121)0.02504) =0.4927
Y312+ (121)0.02504)
(b) A, :://"2 =g.,Re =(38.46)4)=153.8
ol
() A, =A, A, =(04927)153.8)=75.8
6.74
(@) g =—22 —1923mAN, g, =——=76.92mA/V
™0.026 TEM 0026
_ (100)0.026) _ 52K0. 1, = (100)0.026) _ L3KO

7 0.5
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V
A= V_Ol =—Om (Rc1 ”Ribz)

where Ry, =r,, +(1+3,)Re, =1.3+(101)4)=4053kQ
A, =—(19.23)4[405.3)=~76.17
Vo _ (1+ﬂ2 )(REz) _ (101)(4)
(b) A,=—= =
V, r,+(1+8,)Re, 1.3+(101)4)
() A =A,-A,=(-76.17)0.9968)=-75.93

=0.9968

6.75
a.
R 20
Vi, =| =—2— Ve = 10)=2.0V
™ (R1+R2J c (20+80)( )
Ry, =R, R, =20[80 =16k Q
Blzizo.omm
16+(101)1)
1.11
le, =1.11mA; = =4274mA/V
C1 gml 0.026
- (100)0.026) _ 534K0
111
r (e8]
=—=00
R
R 15
Vig, =| —— |-Vee =| ——(10)=1.50 V
e (R3+R4J « (15+85j( )
Ry, =Ry|R, =1585=12.75kQ
Iy, = 1302070 _ 01265 mA
12.75+(101)(0.5)
1.265
IC2 =1.265mA = (0o :M: O =48.65 mA/V
(100)(0.026)
r,=-——r—"Z2—r, =206kQ
126 =
fp =
b.

A, =-0, R, =—(427)(2)= A, =8548

ml° Cl
As =G (Rea R ) =~(48.5)(4}4) = A =973
c.  Input resistance of 2nd stage
R =R [R, [r., =15[85]2.06 =12.75]2.06
R, =1.773kQ
A== (Rm ”Riz ): _(42'7)(2”1'773)
A, =—40.17
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Overall gain: A, = (-40.17)(-97.3) = A, = 3909

If wehad A, - A, =(—85.48)(-97.3) =8317
Loading effect reduces overall gain

6.76
a.
R 12.7
Vi = =—2— |Vee =| =———|(12)=1.905V
m (Rl +R2J ce (12.7+67.3j( )
Ry, =R, |R, =12.7]67.3=10.68 kQ
Bl — M =0.00477 mA
10.68+(121)2)
lo, =0.572 mA
0.572
=2 =22 mA/V
Im = 0,026
. (120)0.026) ¢ .\
0.572
r e 0]
= =00
0572
R 45
Vo, =| o= [Vee = 12)=9.0V
TH2 (R3 +R4J cc (45_1_15}( )
Ri, = Ry|R, =15[45=11.25 k©
le, = 20707 _40405mA
11.25+(121)1.6)
|, =4.86 mA
m = 486 7 mav
0.026
r7[2 =% = 0642kQ , r02 =00
b.
l,, =0.577 mA
Veeor =12-(0.572)(10) = (0.577)(2) = Vg, =5.13 V
le, =4.90
Veegs =12-(4.90)(1.6) = Vo, =4.16 V
0,
\ AC load line
\  Slope=15m755
\ e |
052 p=—————-
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AC load line
A
\ Slope =1%r675
. —1
486 (————— T 0216K

N

Ri, = R3||R4"Rib
Rip =15 +(1+ﬂ)(RE2||RL)

= 0.642+(121)(1.6[0.25) = 26.8 k @
Ri, =15[45[26.8 =7.92k Q

Ay = =0 (Rei R )= —(22)(10]7.92)= A, =972

~ (+ARaR) (121f0.216)
o, +(1+ 8RR, ) 0.642+(121)0.216)
A,, =0.976
Overall gain, A, =—(97.2)0.976)=-94.9
d.
Ris = Ri[Ry[r. =67312.7]5.45=3.61kQ
R
R =2 |Rey
where Rg =R;|Ry[|R¢, =154510 =529k Q
R, = W"m =0.0491.6 = R, =47.6Q
€.
: -1 :
Al = 0216 KO “Av, Al =4.86

|AV,| = (4.86)(0.216) =1.05 V
Max. output voltage swing = 2.10 V peak-to-peak

6.77

@ | _5-2(07) 0.7

=72mA, l; =—=14mA
0.050 0.5

lg, =72-1.4=70.6mA, I, :[%)(70.6):69.73 mA, g, =%:0.8716mA

lg, =1.4+0.8716=22716 mA, I, :(%)(2.2716): 2253 mA
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(b)

2253

_69.73

U === =86.65mA/V, @,, =——=2681.9 mA/V
0.026 0.026
;s (120)0.026) _ 1385k, 1, = (80)0.026) _ 0.02983 kO
2.253 69.73

V=V, +V_, +V,

VO = |:£\:”1 + g mlvﬂ'l ] + g m2V7r2 :l(OOS)

7l

V., = (V,,l +g.,V., J(O'5||r”2 )=V, (ﬁJr 86.65)(0.5"0.02983):%[1 (2.4595)

zl

V, = {vm ($+ 86.65) +(2681.9V (2.4595)}(0.05) =V, (334.175)

V.=V +V_, +V, =V +V_(2.4595)+V,
So V_, =(V, -V, )0.28906)
And V, =(334.175)V, -V, }0.28906) = 96.596(V, -V, )
A, = Yo _0.990
VS
(c) For Ry,:
We have V, =(0.989754 )V,
V., =(V, -V, X0.28906) =V, (1-0.98975)0.28906) =V, (0.0029618)

\% \% r
:_S: S 7l Rib :4676 kQ

Rip = =
I, (VV j 0.0029618
r/rl
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For R,:

L, \_L_
& S i
\T/ﬂ ﬂ""l J> l/ﬂ_h%z
-L l
4

“‘me. K er(.z : L/
(E
- L : T,

‘I
Soa V

(1) V,,+V_,+V, =0

Vﬂl Vx
(2 Iy +9mVo + E‘Fgmlvm = 0.05

Wehad V,, =V, (2.4595)
(1) V,+V,_,(2.4595)+V, =0=>V_, =-V,(0.28906)
VX

1
2) 1, +9nV,,(24595)+V,, [EJF 9o ] =X

v
I, +V,, {(2681.9)(2.4595)+ ($+ 86.65” =

0.05

I, -V, (0.28906)6683.5]=

v
R, =-=0512 0

6.78

R, =335[125=91.0 kQ

[MJ
(

125+335)
I RTH +VBE1 +VBE2 + IEZREZ

(1+8) 1, (1+ﬂ)

=2717V
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2L o
91.0+(101)" (1)
le, =12.8 uA

les = Ble, = B(1+ B) 15, =(100)(101)(0.128 1A)
le, =1.29 mA, I, =1.31 mA

L = gy +1g, =1.294+0.0128 =1.30 mA

Ve =10 1R, =10—-(1.30)(2.2)=7.14 V

Ve = IR, =(1.30)(1)=1.30 V

Ve, =7.14-130=5.84 V

Vee, =Vegs — Ve, =5.84—0.7

Ve, =5.14V

Summary:
lo, =12.8 A lc, =1.29 mA

Vo, =514V V., =584V

b.
g, =228 _ 0402 mA/v
0.026
1.292

=——=497mA/V

m2

Vo = _(gmlvzrl + gmzvnz) Rc
VS =V/r1 +V/r27 V/rl =VS _Vzr2

V/rl
Vﬂ2 = r_+ gmlvﬂl rﬂ2

zl

Vzr2 :Vzrl [Mj r/r2

7zl

V, = _[gml (Vs _Vﬂ2)+ ngVHZ:| Re
Vo = _[gmlvs +(gm2 —Om )V”2:| Rc

Voo =(Vs —V,,z)(1+ﬂ)(rfr_2]

rl

V., {1+(1+/})(E_?H _v, (Hﬁ)(::_?j
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Vo ==190Vs + (G = O ) —————X

r/rl
V,
A=t
Vs
(49.7—0.492)(101)(22@
=-— (0.492)+ ol 2.2
1+(101)('j
203
A =-552
c.
Re =R, "Rz "Rib
Rib = rﬂl +(1+ﬂ)r7!2
=203 +(101)(2.01) =406 kQ
R, =91]|406 =743 kQ = R,
R, =R. =2.2kQ
6.79
|
IE1 = IBias +IBZ = IBials +£
2
i |
les :(—1 lgias +—
1+, B,
Vi
- K.-_‘_
i ° I
| e —
<% vV
\41 - j:-uvﬁ'l *
£ <‘ " L
Uais -
\42. s
120 1
le, =lg =1mA, I, =|— | 1+— |=1.004 mA
(@ e, Bias ct (121j|: 80:|

O =38.62mA/V, 1
Om =3846 mA/V, r

T

,=2.08kQ, r,=50kQ

. =3.108kQ, 1, =79.68kQ
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\Y V., -V
(1) Ix: . +gm2vzr2 +Xr—ﬂz+gmlvﬂl
02 ol
\% VvV, -V
2 Vo, :|: o +0m Vo +x—”2:|'r;z2
r 1

7l o)

(3) V/zl +V7r2 = 0 :>V7z1 = _Vﬂ2

\Y VvV, -V
Then (1) I, = . +0mVa +X—”2_gmlvﬂ2

02 ol

11 1
I, =V, |—+—|+V -
X X(roz rOIJ ﬁz[gmz rOI gml]

r
2 V,, = _Vnz(i‘*' Om +L].rn2 +Vx( ”ZJ
r I

zl ol ol

Vo |1+ L+g LI PO I ",
2 rﬂl ml r01 72 X r01

i | 2.
Now () V_,|1+ 138.62+ (2.08)[=v,[ 2%
3.108 79.68 79.68

V,, =V, (0.00031825)

Then (1) I, =V, . +V,(0.00031825 38.46-——38.62 =V, (0.32495)
50 79.68 79.68

v
R, =-=3077k0

X

120 1
b) lg, =1mA, Iy, =02mA, I, =|— | 02+—|=0.2107 mA
I (- (P
, =1481kQ, r, =379.7kQ

,=2.08kQ, r, =50kQ

O =8.104mA/V, T,
Om =3846mA/V, r

T

Now (2) V,|1+ ! +8.104 + ! (2.08)|=V, 2.08
379.7 379.7

14.81

V,, =V, (0.0003043)
1

(1 1, =vx(i+Lj+vx (0.0003043)(38.46———8.104) =V,(0.031867)
50 379.7 379.7

\
R =I—X=3l.38kQ

0
X

120 2
© lgy=2mA, gy, =0, I = (E}(%j = 0.02479 mA

9, =0.9536 mA/V, 1, =1259kQ, r, =3327kQ
9., =76.92mA/V, 1, =1.04kQ, 1, =25kQ

Now (2) V.| 14 ———+0.9536-+ —— (1.04)| =V, 104
125.9 3327 3327

V,_, =V, (0.00015627)

1 1, =vx(1 ! J+VX(0.00015627{76.92—ﬁ—O.%%j =V,(0.05217)

—+
25 3327
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0

\
R =I—X:19.17kQ

6.80
(@ Ry =R||R, =250]75=57.69kQ

R 75
Vi =| =—2— [Vee =| =—=—|(5)=1.1538 V
™ (R1+R2j o (75+250j()

Vg —Vgelon)  1.1538-0.7
B R, +(1+ )R, 57.69+(121)0.6)

= log =0.418mA, |, =0.4214 mA

Vg =5-(0.418)5.6)—(0.4214)0.6) = 2.406 V

For Q: P, =1loVeeo =(0.418)2.406)=1.01mW
For Re: Pec _|2 (0.418)*(5.6)= 0.978 mW
For Rg: Pge = 12,Re =(0.4214)°(0.6)=0.107 mW

(b) Rib=r,,+(1+ﬁ) c

~ (120)0.026)

. 0.418
R;, = 7.464+(121)0.6)=80.06 k Q

R, = Rpy|Ry, =57.6980.06 =33.53k Q)
Ris =Rs +R, =0.5+33.53=34.03kQ

s = > 'h T s =
Ris Ry + Ry, Ry + Ry A Ris
. R . R
Ry +Rip A Ris Ry +Ripy A Ris

. . 1sin ot .
Now |C:(120)( 57.69 ][0 he j=0.1477s1na)t (mA)

=0.003483 mA

=7.464kQ

57.69 +80.06 34.03
i, =0.1489sin wt (mA)

For Re: Pre =14Re +; ¢ =0.978+— (o 1477)*(5.6)=1.039 mW

For Ry : Ppe = 124Re + | R. —0.107+%(0.1489)2(0.6):0.1137mW

For Q: Py =1coVeeo —%IZRC —%I:RE =1.01-0.0611-0.00665 = 0.942 mW

c

6.81
(@) 1goRg +Vae (0N)+(1+ B)IgoRe +V =0

| . 5-07
%100+ (121)4)

Veeo =10-(0.8836)4)—(0.8909)4) = 2.902 V
For Q: Py =1,V o= (0.8836)(2.902) = 2.564 mW

=0.007363mA; I, =0.8836 mA, 1., =0.8909 mA
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For Re: Pye =15,R. =(0.8836)°(4)=3.123mW
For Rg: Py =12,R. =(0.8909)°(4)=3.175 mW
(b) AV =Al.(Re)=(0.8836)4)=3.534V - Not possible

AV =2.902-0.5=2.402V

So Al. —2102—06005mA

%(AI <)VRe = % (0.6005)* (4)=0.721 mW

Pre =

_10-07

50+ (151)(10)
leg =0.894 mA, I, =0.90 mA

Veco =20—(0.894)(5)—(0.90)(10) = Veeo = 6.53 V

P, = IeoVeco = (0.894)(6.53) = P, = 5.84 mW

=0.00596 mA

cQ
Pec = 12,Re =(0.894)" (5) = Poc =4.0 mW
Pe = 12,R: =(0.90)" (10) = P,e =8.1 mW

AC load line
\/ ) g
\ Slope = GGl

0.894

Al =

‘A
1a3ka
Aic =0.894= |Av, | =(0.894)(1.43)=1.28 V

Ai, = (iinC =0.639 mA
5+2

Pa. 2(0639) (2)= P, =0.408 mW

% (0.894-0.639)" (5) = Pyc =0.163 mW
=0

PQ 5.84-0.408-0.163 = P, =5.27 mW
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6.83
log = — 2079 _ 000838 mA
100+(101)(10)
leo =0.838 mA, I, =0.846 mA

Vegq = 20—(0.838)(10)~(0.846)(10) = Vg =3.16 V

\ AC load line
V' Slineseh
SR Rel|R, [lro

0.838 |-

\
3
1\
1\
I 3
I

3.16 20

n=—% _j19k0
0.838

Neglecting base currents:

a.
R =1kQ
-1 -1
slope = =
10[1]119  0.902 kO
Ai, = _—I'AVce
0.902 kQ
Al =0.838 =|AV,,| =(0.902)(0.838) =0.756 V
— 1(0.756)"  —
P =5 = Pu =0286mW
b.
R =10kQ
-1 -1
slope

“10[i0[119 ~ 4.80
For Ai; =0.838 = |Av,, | =(0.838)(4.80) = 4.02

— 1(3.16)  —
Max. swing determined by voltage Py, = %( 0 ) = P, =0.499 mW
6.84
a.
log =—2— % ___,00838 mA
100+(101)(10)
leo =0.838 mA, I, =0.846 mA

Vegg =20 (0.838)(10) - (0.846)(10) = Vg =3.16 V
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Py = looVero = (0.838)(3.16) = P, = 2.65 mW

Pec = 12,Re =(0.838)" (10) = Pye =7.02 mW

AC load line
—1]
RellR,
=1 29

10[]1 ~ 0.909 K

\ Slope =
\

0.838 -

, -1
Aig =————-A
0000k T
For Ai. =0.838 = |Av,,|=(0.909)(0.838) =0.762 V

Ai, = Re Ai. =( 10 ]AiC =0.762 mA
R. +R. 10+1

1
2

Pa =

(0.762)" (1) = Py =0.290 mW

Py = %.(0.838 ~0.762)" (10) = Py =0.0289 mW

P, =2.65-0.290~0.0289 = P, =2.33 mW
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Chapter 7
7.1

:VO(S) 1/(sC,)

T =
) Vi(s) [1/(sC)]+R,
T(s)=1
1+sR.C,
b.
|
I
I7| |
]
|
= fii=159Hz
1 1
= = = f, =159 Hz
" 27RC, 27(10°)(10°) T
c.
Vo(s)=Vi(5)
R F Y
V,(s)==
For a step function s
V()= —t K, K
s 1+sRC, s 1+sRC,
K (1+35RC,)+K,s
~ s(1+sRG,)
K +s(KRC, +K,)
~ s(1+sRC)
K,=-KRC, andK; =1
1 -RC
Vo(s)=z4——u
o(5) s+1+sRlC1
11
S 1 +S
RC,
Vo(t)=1-e"RC
7.2
a.
V, (s R
T(S): 0( ): 2
Vi(s) R,+[1/(sC,)]
sR,C,

(8)=13 SR,C,
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I7]

I
|
|
I
I
I
I
I
1

fi=1.59 Hz

1 1
27R,C, 27(10°)(10x10°)

= f, =159 Hz

L

sR,C,
1+sR,C,

Vo (s)=Vi(s)

o(8)=13 RC, .. 1

7.3

1+sR,C, R,
R, R, +R, +sR,R,C,
1+sR,C,

(R 1
T(S)_[R1+RJ 1+s(R,[R, Jc,

Then T(s)=

+R,

(b) 7=(Ry|R,)C, = (10]20)x10° x10x10° = 7 = 66.7 ms

1 1

(c) f=—= 5 =2.39Hz
2T 27[‘66.7><10’5
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7.4
a.
7, =(R; +R; )Cg =(30+10)x10° x(10x10_6):> 7, =040s
7o =(Ry|Rs ICp = (30[10)x10° x (50x10%? ) = 7, =0.375 s
b.
1 1
f, =5 :—2”(0 7) = f_ =0.398Hz
S .
1 1

f

= = = f, =424 kHz
" 2rr,  22(0375x10°) " "

At midband. ©s ~ short, ©» ~ open
Vo =1, (Ri "RP)
T(s)=R|R, =30[10=T(s)=7.5kQ

C.
75kl -
| |
| |
| |
vl : :
| |
I |
fr S
75
\Y;
(@ —== Re 20 667
V., R,+R, 20+10
\Y;
b) —>=1
(b) V.
V(s R R
(© T():V"((S)): 2 5
‘ - Ryt
Re +R, .7 1+sRC,

T(5)= R,(+sRC,) [ R, | (+sRC,)
"R, +R,+SRR,C; | R, +R, ) [L+s(R,[R,)C.]

R
We have K = ) +2R2 , TA=RC,, 74 :(R1||R2 .
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7.6
a.
o
Vo (S) SCP
()= =
Vi(s) 1 1
Rp +| Rg +——
sC, sCs
1
I
R 1 sC,  Rp
FlsC, R, L L+sR.C,
FsC,
Then
T(s)= Re
R, +(RS +51](l+ SR.C; )
S
- Re
R, +Rs + ReCe JrsiJrsRS R-Cs
S S

1
Ne—

T(s)= Re |, 1/|1+ Re ~&+ 1 + SRR -C,
R, +R Re+Ry C; s(Ry+Ry)Cs Ry+R, |

-11 )
10 jx 1/ 1+9~1076 + L +5(5x10%)-10™
20 10 s(2><104)~10’6

N—

For o, = ! = 1 =50
"~ (Ry+Rq)Cs  (2x10°)(10°)

1

: " 1
1+ j{(SO)(leO _(50)(0.02)}
- = ‘T ( jw)‘ =

L
22

N |- ~—
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For
1

“H TR, ||R . [(x10°fio™) "

T(jo)-= > :

1+ j[(2x107X5x108)—m}

=2x10’

T(s)= % 1/{1&1 S(2><1014(m))+s(5><103)(107)ﬂ
1 1

? 141y i m(leO"‘)—é
2 »(2x10?)

For @ = ———-——~ =500

T(jo)-3-

15+ jl:(500)(5><104)—1‘|

(500)(2x10°)
1
1.5-(0.75)
1

- - 3
For w = (5><103)(10’7) 2x10

T(jw):%.{1/[1.5+ j[(2x103)(5“°4)_mm

=T (jo)|=0.298

1 ,
=5 =T (jw) =0.298

-1
2

1
15+ j(0.75)

. 1 R
I h case, [T - —F
n each case | (]a))|<\/§ iR

7.7
@ [1|=
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Or [T| . =20log,,(0.35355)=-9.03 dB

3
¢=—tan™ (fLJ =-3tan™ (fLJ =-3tan*(1)=-135°

F T

(b) Slope =3(-6)=-18 dB/octave = —60 dB/decade
¢ =3(-90)=-270°

7.8
177 i
1 g il ———————
;.«.-5:: «w > Zdee G
75|
= /_-———
-3 —_—
fe feezs >
7.9
(@) (ii) o, =1radls; w, =10rad/s; @, =100rad/s; w, =1000 rad/s
(iii) [T(0) =10
(iv) [T (o) =10
(b) (ii) @ ="5radls
(iii) [T(0)=0
. 8
(iv) [T(o) = =200
7.10
. @
J [

1
@

5x10*

or T(jow)=25x10° zjw. ;L -
10° + jo \ 5x10° + jo

2

@ T(jo)=5—
I+ j— | 1+]

10°
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G .
Pla) o)

(i) At w=>50rad/s

W)
. =2.236

2 2
1+ ﬂ 1+ 50
100 5x10*

(i) At @ =150 rad/s

() [1]=

T =

{2)
|- 100 . 1 : 416
1+(150) 1+( 150 J
100 5x10*
(iii)) At @ =10°
102
IT|= ; L =2.236

m=0.R (o 9100 52555

4

|Tmidband| =159

Ts :(Rs +r, )Cc

f, = =7 1
Y omrg % 2zt 2x(30)

1 1

Tp = = ): 7p =0.332 s, Short-Circuit

2zt 2x(480x10°

75 5.31x10°°

Cc = = = C, =0.932 uF

(Rs +r,) (0.5+5.2)x10°
7, =R, C,
r, 0.332x10°

C =—=""C""" _C_=553pF
"R, 6x10° - P

=74 =5.31ms, Open-Circuit
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7.12
Vv R, +R
@ Yo RetR 10440 _,q0g
V, R,+R,+R, 10+10=40
Vv R
b o__Re 10 _4q
V, R,+R, 10+10
1 Rs(lcj R
© Ryf-m=—"r=—
sC 1 1+sR,C
Ry +—
sC
R3
ot
T(s)=V°(S)= 1+sR,C R, +R; +SR,R,C
Vi) 5 r . R R, +R, +R; +5(R, +R, R,C
P2 T 14sR,C

N T(S):[ Ry + Ry ] [+ s(R[R. ]

R, +R, +R, ) L+s(R, + R, R, ]
R, +R,

where K :m‘ T =<R2"R3X:’ Ts Z((Rl +R2)|R3k

7.13 Computer Analysis

7.14
@ [A], =9nRo. 9 =2\K,lpe =2,/(0.4)0.8) =1.131 mANV
A, =@131)1)=1.13
1 1
b) f, = =
®) T 27R,C,  27(10° J10¥)
f, =BW =159 MHz

7.15
1 1 1
@ fyu=7—7=>Rc= = 6 12
27R.C, 271,C. 2x(800x10°0.08x1072)
or R, =249kQ
Ve, -V _
() 1o = Yee Ve _ 2.5-1.25
R, 2.487
_ 0.5026
" 0.026
 =(19.33)2.487)=148.1

=0.503mA

(c) |A, =19.33 mA/NV

max :ngC’ 9
A

12

7.16
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<

(@ T(s)= V((;) - —gm(ro

ro.i
1 J__g IS (;J
sC, " P, L "0 1+s1,C,

° sC,
() 9 =2,K,lpo =24/(0.05)0.1) =0.1414 mAN
1 1

- = =1000k Q
fo Al (0.01)0.2)

Al . =9nl, =(0.1414)1000)=141.4

12

1 1
¢) f, =BW-= - = f,, =318KHz
© t 271,C, 2z{10° fo5x10%2) " "

7.17

Ry =R |R, =10]1.5=1.304 kO

Vo :(RlFiZRZ ]vcc =(1.51f10)(12):1.565v
1565-0.7
% 7130+ (101)(0.1)
leo = 7.585 MA
__ (100)(0.026)

i 7.59

On = 159 _ 292 mA/V
0.026

R =Ry[|R,[[r, +(1+ B)R:]

=10J1.5][0.343+ (102)0.1)]

=1.30[10.44 = R, =1.159k Q
7=(Rs +R, )C¢ = (05+1.16)x10° x (0.1x10°)
r=1.659%x10""s

flotoo Lt —959Hz
27t 27(1.66x10)

=0.0759 mA

=0.343 kQ

Rrh -

R.\ !
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Vo = _(ﬂlb ) Rc
Ry =1 +(1+ B)Re
= 0.343+(101)(0.l) =10.44 kQ

I, = _R[R I
" \RIR+R, )"

:(ij'i - (0111)1,

1.30+10.4
V.
=
Rs + R1||R2 " R
V.

" 05+(L3)](1044)
V.

=50
V,|  BRc(0.111)

V| 1659

, 1.659

Vol
v

1.659

midband

6.69 —

7
Yo

i

(100)(1)(0411) _

fr =959 Hz f—

Vo

midband

=6.69

7.18
(@) Voso =Vop —Ing (RD +Rg )
3.2=9-(0.8)R, +0.5)= R, =6.75kQ
I DQ — K, (VGSQ —Viy )2
0.8=0.5(Vggq ~1.2) = Vgq = 2.465V
V, =(0.8)(0.5)+2.465 = 2.865 V
Vg = Ri- Ry, Vpp = 2.865 = Ri(lao)(g)

1 1

which yields R, =503k€Q and R, =235kQ
(b) g, = 2¢ Kaloo = 2¢/(0.50.8) =1.265 mANV
-g.Rp  —(1.265)6.75)
A, = = -
" 1+g,Ry 1+(1.265)0.5)

-5.23

1 1 1
C f = =
© 27R,,C ¢

“27fR, 27(16)160x10°

7, =R, Ce = (160x10%)0.06217x10°)=9.947x10"3s

= C. =0.06217 uF
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A|=523>% | (523
1+s7g
(i) For f =5Hz,
5
A,| = (5.23) ——16
5 2
1+ —
I 16} |
(ii) For f =14 Hz,
14
A,|=(5.23) —18
2
1+(14
16) |
(iii) For f =25Hz,
25
|| = (6.23) 10—
1+(25)
16

=1.56

=3.44

=4.405

7.19

2 I 1
lno =Ky (Vas Vi ) = Ves = /% +Vp = E”: 2414V

V, =-2.414V

Rs =

—2.414—(—5)

= R, =259 kQ

Vy =Vpgo +Vs =3-2.414=0.586 V

5-0.59
o=

= R, = 4.41kQ

+
v, Re Vs BimVex
R
-
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R
IOZ_(nggs) =
Rp +R +
C
V, = v
1+ngS
Io(s)= “On g sCe
Vi(s) 1+g,Rs ~|1+s(R,+R )C.
lo (s)
T __0

_GnRp 1 s(R, +R.)C¢
1+9,Ry Ry +R. 1+s(R, +R )C,

C.
f, = 1 =7, :L:;:ML =15.92ms
27T, 2z f, 2x(10)
T 15.9%107
7, =(Rp +R >Ce=—t—= =C.=189uF
L =(Ro+RCe = Cc Rp+R.  (4.41+4)x10° = ¢ g
7.20
a.
9-V,
- € =1, =K (Vo +VTP)2
S
9-Vgs =(0.5)(12)(Ves — 4V +4)
BV — 23V, +15=0
23+,/(23)" -4(6)(15
v, BHE s
2(6)
Un = 2K, (Vsg +Vip ) =2(0.5)(3-2) = g,, =1 mA/V
R, =gi||RS =112 = R, =0.923 kQ
b. 7=(R, +R_)Cc
flot st o 1 706ms
27t 27t 2x(20)
-3
¢ C.- T _ 7.96%x10 . —~C.=0.729 uF
R, +R_  (0.923+10)x10
7.21

@ Ry, =(0.2)1+B)Re =(0.1)121)4)=48.4kQ
|
o= =12 0012307 mA
1+4 121

BQ "'TH

1
Viu = lagRry +Vge (0n)+ 1 eo Re :R_'RTH Vee
1



Chapter 7

Microelectronics: Circuit Analysis and Design, 4™ edition
Problem Solutions

By D. A. Neamen

S0 Ri(48.4)(12) =(0.012397)(48.4)+ 0.7 +(L1.5)4)
1

whichyields R, =79.6kQ and R, =124kQ
120
(0) I = (ﬁj(l.S): 1.488 mA
r, _ (120)0.026) _, g kQ, T, _ 0 _x6k0
1.488 1.488
@ pReIR)
"t + @+ A |Re|R)
Now r,|Re[R, =33.6[4]4=1.888kQ
_ (121)1.888)
v 2.097+(121)1.888)

=0.991

r .
T _a36 2% R —17.250
1+ 121
1 ~ 1
27(R, +R, )Cc;,  27(17.25+4000)2x10°°)

f_ =19.8 Hz

(© Ry =Re]r,

@ f =

V [sé](v © e

* i_{_ RSi _1+SRSiCi
sC,
V,(s) 1 ro|Ro
T(s)=—=Y—_
©-ve gm(us&ici J[us(ronao)q]
(b) T:RSiCi

() == (ro”RD X:L

7.23

B
Vgs gm SCi

() =
v (1 1 J+ Ry
gm SCi
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(lj(lj 1
sC. q.
Now | L] 2| Lo AsC) g,
gm SCi i_}ri 1
g,  sC, 1+s a C;
1 1
So Vs _ Om _ Om ) 1
V. 1
T 1+{1]Ci Lig, 1+s(l||RSJCi
n On I On
We have

R RpR, (sC
Vo ==0,V —Dl ‘R, :—nggSLJrS(DR Lf_SRC))C }
Rp +R, + b L/

ste

V, = -0V, RpR, J{ s(Rp +R.)Cc }

R, +R, ) 1+s(R, +R_)C
R,|IR
Then T(S):Vo(s):+gm( D" L). 1 5(RD+RL)CC }

V,(s)  1+g,Rq {1”[91”RSJC]L+s(RD+RL)CC

m

(b) 7= (i"RS Jci
I

(O :(RD + RL)CC

7.24
(@)
leq :# =1.075mA |, =1.064 mA
Vego =10—(1.064)(2)—(1.075)(4)
Vg =357V
|
gy =2 = 1064 _ 40.92 marv
V, 0.026
_ BV, _(100)(0.026) _ 044 K
S P 1.064
(b)
r
For Cqis Ry =R +Re[—F :200+4000w
C1 eql S E ﬂ
Rep =224.0Q; 7, =R,,C¢; =1.053ms
For C.,; R

g2 = Re +R =2+47=49kQ
7, =Rg2Ccp =49 ms
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AL R S 1T

C2rr, 2 (1.053x10°)

(©)

7.25
@
7y =(R: |R.)CL =(2]47)x10° x10x10™*
=1.918x10°%s
1 1

- - = f,, =8.30 MHz
277, 27(1.918x10°)  ——————

fH
(b)
Y o1
1+ 27z, T)

1 2
[ﬁ] =100 =1+ (277, f )

G )
27, 27{1.918x10°°)
f =82.6 MHz

7.26

(@)
5 _VSG

R
5-Vao = (1)(1.2) (Vs ~1.5)° = (12) Vet ~ Vs +2.25)
L.VE — 2.6V, —2.3=0=>V,, =2.84V
lpo =1.8 MA
Vepo =10—(1.8)(1.2+1.2) = Vg =5.68V

=K, (VSG +Vp )2

On = 2/Kplpq =2/(1)(1.8) = 2.683 mA/V
I, =0

(b)

is

1ol oanrke
g, 268

R =1.2]0.373=0.284 kQ

For Corr 7= (284+200)(4.7x10°°) =2.27 ms

For Cor T2 = (1.2x10° +50x10%)(10° ) =51.2 ms

(©)

Cc, dominates,
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1 1

f, = = =3.1Hz
v 2mr,  2r(51.2x107)
7.27
Assume Vi =V, ki =80uA/VE, 2=0
Neglecting Rsi = ZOOQ, Midband gain is:
|A\/|:ngD
Let 'oo =02 MA Vpgq =5V
Ro b N R, =20 kQ
Then 02 ———
d |A" 10 A/ d =2 /K lpo =2 K W |
We nee gm:RD :E:O.Sm Vand g, = nloe =21 5 | T JTee
05=2 (MJ(V—V)(M) W78
or 2 L L
Let
R +R, = 9 S _5k0

(02)1,,  (02)(0.2)

lpg =0.2= (&28()](7.81)(vGS ~1)" =V, =1.80= [ RlFisz ](9) = (%}(9) =

R, =45kQ, R, =180 kQ
Rry =R ||R, =180[45 =36 kQ

—4
ot o1 —7.958x10*s = (R, + Ry, )Ce or C, _ (960"
2zf,  27(200) (200+36x10°)
C. =0.022 uF
-5
1 L _5305x10°s=R,C, orC =10 ¢ _oe5nF
20x10° S

2 ot 27(30°)

7.28
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| __ lo-o07

® " 430+(201)(2.5)
leg =(200) 15, =1.995 mA
. _ (200)(0.026)

=0.00997 mA

: = 2.61kQ
1.99
Ry = 2.61+(201)(2.5) = 505 kQ2
L L 001065

T 2xt,  27(15)
~ R,Ce = (0.5+505]430)x10°C,, = 232.7x10°C,

or S = 455x10°F = 45.5 nF

7.29
(@ V* =V +1oRe
3.3=1.8+(0.25)R, = R, =6 kQ

0.25

—— =0.002066 mA

"o =151

V" =1goRg +Vee (0n)+ 1o Re

3.3=(0.002066)Rg )+ 0.7 +(0.25§6) = Ry =532k Q
(120)(0.026)

120
() Ie :(Ej(o.zs): 0.2479mA, 1, === o

R, =T, +(1+ B)R. =12.59+(121)6)=738.6 kQ
R, = Rg|R;, =532[738.6 =309.25 kQ

1 1
rg =————=—"7—=0.007958=(Rs +R,
* 2zt 2x(20) (Rs +R)Ce
so C¢ = 0007958 __, Cc =0.0257 uF

(0.1+309.25)x10°

(c) For Rg << Ry,

T, +@1+B)R.  1259+(121)6)

7.30
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Ry =R R, =1.2|11.2=0.6 kQ

¥ = ( RlFisz )(VCC )= (1.21%21.2j(5) =20V

| . 25-07

*® " 0.6+(101)(0.05)

leo =31.9 mA
(100)(0.026)

ro =~ - 0,0815 kQ
31.9

=0.319 mA

T, >> 7, and f = L sothat fy 8 (Cer) << 1 (Ce2)
T
3-dB (Cc1)3C f3—dB (Ccz):c

Then, for f €2 acts as an open and for €1 acts as a short circuit.

1
f 45 (Cey)=25Hz=

T, =
27T, 5o that " 2n(25)

(r,,+R1||R2||RSJ

—0.006366 s = R,.C.,

where

Rq =R +Re 3

[81.5+600|| 300

=10+50
101

0.00637
12.6

Ry, =1, +(1+ 8)R. Assume C., an open

R, =815+(101)(50) = 5132 Q

7, = (100) 7, = (100)(0.006366) = 0.6366 5 = R,,,
R = Rs + Ry, | Ry, =300+600] 5132 =837.2 0
0.6366
8372

j:10+50||2.787 =

R, =12.64 Q= C, = = Cq, =504 uF

CCl

S0 C, = = Ce, =760 uF

7.31

Erom Problem 7.30 R =06 K, leg =319 MA, 1. 8150

1
Tcp >> 7y and f T ot 50 f5.4(Ce;) << fo5(Ces)

Then i (Coo) = Cox acts as an open circuit and for fo (Cer) = Ces acts as a short circuit.
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fy a8 (Cer) =20 Hz = = 7., =0.007958 s

27T,

Ry =T, +(1+ B8)(Re|R.) =81.5+(101)(50[[10) = 923.2 Q
7e1 = Ry = Ry + Ry |R,, =300+600923.2 = 663.7 Q

_ 0.007958

< 663.7
7., =100z, =0.7958 s

f+ Ry ) 10450 [81.5+600j
1+ 8 101

R, =10+50]6.748 =15.95 O
0.7958

=C,, =12 uF

Rz = RL+Re

=—=0C,,=0050F
2 1595 @ S ———
7.32
0.2 120
a) Il =02mA, I;5 =—=0.001653mMA, I, =| —1(0.2)=0.1983 mA
@ s o= oo ~( 12102

Ve =—(I4oR; +Vge (on))=—[(0.001653)10)+0.7] = ~0.7165 V
Ve =Vg +Veg = -0.7165+2.2=1.483 V
3-1.483

c= =7.65kQ
0.1983

by 1, =12000) 157500 g 201983767 man
0.1983 0.026

A, =0, (Re[Ry { : :”R j = —(7.627)(7.65"20(ﬂj __ 53

_+R, 15.73+10
(c) For Cc: 7¢ =(Re +R, )Cc

1 1

- 277, - 27(R. + RI_)CC

R.
For Ce: 7 = r”+—'CE:>fE L
1+ 5 27Ty

= 7 =0.015915s

c

(d) f.=10=

TTe

0.015915 = (%}103 xCe =>C =748 uF

fo =50 = = r. =0.003183s

27T

0.003183=(7.65+20)x10° xC. = C =0.115u F
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7.33
a.
2
Ip =K, (VGS _VTN)
| 05
Voo = [-2 4V =,[-2+0.8=18V
GS K. ™ 05
Vg —(-5) 5-
Ry Ve (D) 518 ¢ g4y
05 05 =
Vo =Vpe +Vs =4-18=22V
R, 522, Ry = 5.6 kQ
05 =
(b)
0, = 2,[K, 150 =2,/(05)05) =1mANV
7, =RyCq = (6.4x10° [5x10°)
=3.2x107%s
A= L = ! —1= fa=497Hz
277, 27(3.2x107)
R 4x10°
rp = s o, =| 240 g, 10-0)
1+9,Rs 1+(1)6.4)
=4.32x10"s
fo == L = fs =36.8Hz
27ty 27(4.32x10°)
C.
A= 9nRo (1+5R,Cy )

R
(1+9,Rs )[1+ s(“ g,SnRS ]CS}

As Rs becomes large
‘A/‘_) 9nRo (SRSCS)

oo
_(ngD){S[glmJCs}

A=
1+s(1]cs

m

1

oL
The corner frequency 2% (1/9n)C

9n = 2K, I, =2,/(05)(0.5) =1 mA/V

fg = L

) Zn(m%j(sno*)

= f, =318 Hz

. f 0
s and the corresponding 127

7.34
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<

(a) (I) Tl(s): \;1 :_gml(ro RD

1 ]=—9m1 ((r""RD{SClLJ

sC 1
) %”RD)+(SC j
L

1
Tl(s)z_gml(ro"RD)' 1+ s(r "R
[ D L

. V

@ T2)=5 = 0ue R b e

ol [} D L

V, 2 1

Yo _ R Vo -

v, gmlgmz(ro" D) [l+5(r0||RDk|_]2
1

27rr0||RD L

(iii) T(s)=
(0) (i) fy 4 =

Now r, = =100kQ, r,|R, =100[5=4.762 kQ

1
(0.02)0.5)
~ 1

- 27(4.762x10° J12x 102
(i) s =2.785 MHz

f3—dB

= fy g = 2.785 MHz

1

1 —
{JH[(ZM)(%IIRD)CL]Z} 2

So ! 1 0.7071

e
14—
2.785x10°

f 2 1
- ~1-0.4142
2785x10° )  0.7071

which yields f =1.792 MHz

(iii) Want

7.35
a.  Expression for the voltage gain is the same as Equation (7.59) with
b.
7o =ReCe

o = RErerE
* o+ BRe

R, =0.
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7.36

@ lg= (%j(ms): 0.1517 mA

R, =97 _1516k0
0.1517
Ve =07 -Vgo =07-22=-15V
c :L(_?’)zlo kQ
0.15
0.15
b =—=2 5769 MA/V
(b) 9, 0.026

A, =-g,R; =—(5.769)10)= -57.7
(©) . =R.C, =(15.16x10°J3x10° )= 4.548x10 s
1 1

[ —— —35Hz
A 27r,  27(4.548x107?)

Ty =%, where r_ =
r, +(1+ B)Re 0.15
(15.16x10° J15.6x10° J3x10°¢)
15.6x10° +(91)(15.16 x10° )
1 1

“oabossxa0 )

~ (90)0.026)

Tg =

f =
e 27Ty

=15.6kQ

=5.085x10""s

7.37
. 10-0.7 90
© 10
09198
9n ="0.026

A =0, (Rc IR ): (35-38)(5”10) =118

(@) lg

=35.38 mA/V

1

=0.93mA, | = (aj(o.gs)z 0.9198 mA

(b) f=—t

f =15.9 MHz

1
27z 27(Rc[R.Jo,  27(5[10)x10° x(3x107%

7.38
@ Ipg =K, (VSGQ +Vop )2
0.2=0.1so 0.6 =Vegq = 2014V

R, =3=291%_ 4 93k0

0.2
Vo =Vago ~Vipo = 2.014-1.9=0.114V
Ry _0114-(-8) ey

0.2
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1

®) T = 27(Ro|R.C.
B 1
~ 22(15.6[20)x10° x 4x10°

or C, =C_ =454pF

7.39

V, = L Voo = (ﬂj (10)
R +R, 166+234

=415V

ID :R—: Kn (Ves _VTN )2

S
4.15-Vg =(0.5)(0.5)(V —4Vys +4)
0.25V% ~3.15=0=> Vg =355V
O = 2K, (Vos —Viy ) =2(0.5)(3.55-2)
g,, =1.55 mA/V

R, =R

1. 0.5Hi =0.5] 0.645
I 1.55

R, =0.282 kQ

rz(R0||RL)CL and f, :i

1
BW= f, =5 MH = =3.18x10"°
S P ST o
3.18x10°
C,=—T—= C, =121pF
SRR 2sgaeact TP

7.40
(a) Low-frequency
Ry Ce

v Ry Ve Iz Re Ry

Mid-Band
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High-frequgncy

=
(b)
[An
I !
/l \
| |
| I
| [
I |
s | | X
| |
i Su f—
©)
12-07
w0 =g L3 HA
leo =113 mA
, (100)(0026) 4,
113
O =0 = 43.46 MAIV
0.026
Vo (midband) = - Re]r,
A, = v (midband)=—g,, (R, "RL{RB"Q R ]
1000]2.3
=—(43.46)5. =
(a6 ]"500{1000||2.3+1J
:_(43.46)(5.05)( 2.29 j:> |A,| =153
2.29+1
|A|,, =43.7dB
fo=ot 7, = (R +Ry|r, Ioc = (1+1000[2.3)x10° x (010 )

27T,

=7, =329x107%s, f, =4.83Hz
1

27Ty,

fy

=, =5.05x10"°s, f,, =3.15MHz

, 7y = (Re|R.)JC, = (5.1]500)x10° x (10x10%)

741
1

1 ]:—g (RD"RL).E

@ A, =—9m(RD

(b) z= (RD"RL X:L



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 7
Problem Solutions

(€) 5=1pRs +Vgs =K R (Vse +Vip )2 +Vgg
5=(0.25)3.2)Ves —2)° +V¢g
We find 0.8VE 2.2V, —1.8=0=V, =341V
l oo =(0.25)3.41-2)° = 0.497 mA
7= (10]20)x10° x10x10* = 6.67x10®s
1 1
277 27(6.67x107)

0 =2,/K, 1 0g =2,/(0.25)0.497) = 0.705 mAN
A, ==, (Ro|R, )=~(0.705)10]20) = -4.7

f, = = f,, =2.39 MHz

7.42 Computer Analysis

7.43 Computer Analysis

7.44 Computer Analysis

7.45
Om =£=9.615 mA/V
0.026
f 9
p=r ATt _333MH:
B, 120

Inm

g, _ 9.615x107°

=2, “C, )7 O = gy, T 27(4x10°)

or C,+C, =0.3826 pF
Then C, =0.3826-0.08 = 0.303 pF

7.46
9
@ f,=11 =220 ¢ _1667MHz
p, 120
Onm =£=15.38 mA/V
0.026
-3
C.+c, ~9n _1538x0
2zt 27(2x10°)
C, +C, =1224pF, C, =1.224-0.075=1.15pF
O N E———
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120

(i)At f =10MHz, |h,|=—=——=103
2
10
1+
{+sse0)
(DAt f =20MHz, |h,, 120 _sg
20 )
1+
16.67
(iii) At f =50MHz, |h,|-—22 380
50 )
1+
16.67
7.47
6
@ f, =f_T=—54OX1O = f, =45MHz
B, 120
Onm =£=7.692 mA/V
0.026
-3
C,+C, =—2n - 769210 " _ +C, =2.267 pF
27 f,  2x(540x10°)
C, =2.267-0.4=187pF
b) g, =—28 _30.77mAanv
0.026
-3
froo o S0TPA0 ¢ 5 166H:
27(C, +C,)  2r{2.267x10%2)
9
£, =210 ¢ 180 MHZ
120
7.48
(a)
V, =-0,V, R where
1 r
“lsc, 1+sr.C
V, = - V= A Vi
1 Lx +r
L 57(;1+rb 1+srC, °

= e V= x L v,
r+r +strC, r+n )| 1+s(n|r.)C,

Vy(s) I 1
/\,(s)—m——ngL[rﬂ +rbj(1+5(fb ||r,,)ClJ

So
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- (100)(0.026) =26kQ, g, = L _sgasmArv
0.026

(b) Midband gain:

Forr, =100 Q
A =—(38.46)(4)( 26 j:”* ~ 1481
' 26+01)  ———

0)
For r, =500 Q

2.6
Az = _(38'46)(4)(2.6+ o.5j = A, 271290

(i)
fo- 1 r=(n|r)c
3-dB 27”_' bl'z 1

(©
Forr, =100 Q
7, =(0.1)2.6)x10°(2.2x10 ™) = 2.12x10 s = f, ,, = 751 MHz

0)
Forr, =500 Q
7, =(0.52.6)x10°(2.2x10*) =9.23x10 s f, 4 =173 MHz

(i)

7.49
f =10 kHz =10*
2500(1- j(1o4)(1.333x10*6))

Z =200+ ~ .
1+(10%)" (1.333x10°°)

=200+ 2500- j33.3=2700- j33.3

(b)
f =100 kHz =10°

2500(1— j(10°)(1.333x10°°
Z =200+ ( 1(2 I - . ))
1+(10°)(1.333x10°°)

© Z, =200+ 2456 — 327 = 2656 — j327
f =1 MHz =10°
2500(1- j(10°)(1.333x10° ))

=200+ ~ .
1+(10°)"(1.333x10°°)

N

Z, =200+900- j1200 =1100- j1200

7.50
Cy=C,(1+g,R)

b.
Ry |R s Ty

N
\
/1
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V,=-0,V.R LetC +C, =C,
1
rl—
V. - 1 sC, (R RBR JVi
+
r S—Cl+RB||RS+rb BOS
OR
Vi(s)
. _
r o—
" sC;
1
R r”+sC
- _ R B i
gm L(RB"‘RS . 1
T sC,
L +Rg[Rg +1,
ro+—
sC, |

Rg

r

K

=-g R
gm L[RB+R5

LetR,, =(Ry |Rs +1,)

'{rﬂ +(+sr,C (R |Rs +1,)

5

R 1
= _AR B
A(s) ﬂL(RB+R5]X[(rﬂ+Req)[l+s(rﬂ
_ PR Ry ) 1
A/(S)_rﬁ+Req (RB+RJ 1+5(r.[Ry)C,
. 1
N " 2r(r Ry )G
7.51

High Freq.= C,,, C.,, C;

— short circuits

ot
1

Is RillR: Vo %r:r

I

v Iy

i1H

I
«_ S5 _ 192.3 mA/V

I =N T 0026

On . 250x10° =

192x10°°
2z(C,+C,)

C,+C, =1224pF=C, =5pF,C, =117.4 pF
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Cy =C, (1+9, (R [R))
=5[1+(192.3)(1f1) | = C,, = 485.8 pF
C, =C, +C, =117 +485=603 pF

2 .02
000

Ry, = R||R,||r, =5/1.04 = 0.861 kQ
=R, -C, = (0.861x10° [603x10)

=5.19x107"s
1 1

f = =
27t 22(5.19x107

):> f =307 kHz

7.52
Ry =R [R, =60|5.5=5.04 kQ

R 55
Vo, =|—2 |y = 15)=1.26 V
™ [R1+R2] ce (5.5+60j( )

126-07

% 7 5.04+(101)(0.2)

leg = 2.22 MA
(100)(0.026)

=" 117 kQ
2.22

=0.0222 mA

O, = 222 85.4 mA/V
0.026

Lower 3 — dB frequency:
T, = Req -Cqy
Ry, =Rs +Ry|R, I,
=2+60[5.5[1.17 = 2.95 kQ

7. =(2.95x10°)0.1x10* )= 2.95x10 s
1 1
277, 2x(2.95x10°
Upper 3 — dB frequency:
9, s 85.4x10°
b =2dc.+c,)” 1 = 5c. +c))
C,+C, =34pF; C, =2pF; C, =32pF
Cy =C,(+g,R.)=2[1+(85.4)4)]= C,, =685pF
C,=C, +C, =32+685=717pF
Ry = Rs[R[R.|Ir. = 2605517 = R,, =0.644k Q2
=R, -C, =(0.644x10° 727102
=4.62x107s

f,

):> f, =540 Hz

fu =i:> f, =344kHz
2t
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7.53
Ri =R |R, =600[/55 =50.38 K

VTH=[LJ(15)=( 55 J(15)=1.2595v

R.+R, 600+ 55

v =207 60222 mA

50.4-+(101)(2)
leo =0.2217 mA

100)(0.026
r _(100)(0026) _ ) 25

0.222

g, = 0.2217 8.527 mA/V

0.026

Lower — 3dB Freq
.= Reql Ccl; Reql = RS + RTH "rzr
=0.50+50.38[11.73=10.0 K
7, =(10x10°)(0.1x10°) =10~ s
1 1

f = = — f, =159 Hz
Y 2nr, 2z(0°) Ot

Upper — 3dB Freq
g, 8.527x107°

i 27(C,+C,)  2x(C.+2)x10"

C,+C, =3.393 pF = C, =1.393 pF

Cw =C, (1+9,R. ) =2[1+(8.527)(40) | = 684 pF

C, =C, +C, =1.393+684 =685.4 pF

Rz = Rq Ry [, =0.5[/50.38[[11.73
=50.38]0.480 = 0.4750 K

=400x10°

7y =R, C;  =(0.4750x10°)(685.4x10 )
=3.256x107" s
fo—t L = f,, =489 KHz
27, 27(3.256x107)
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7.54
(@ Ry =R|R, =3322=132 kQ

R 22
Vi =| =—2— |Vee =| = [6)=2V
™ (R1+R2J e (22+33j()

Vi —Vee (0n) 2-07
TRy, +(+pR. 132+ (151)4)
lo =0.3159 MA, I, =0.3180 MA
Vg =5-(0.3159)5)-(0.3180)(4) = 2.15 V

_f,  800x10°
77, 150

0.3159

In ="0.026

=0.002106 mA

(b) f

= f, =5.33MHz

=12.15 mA/V

g, _ 1215x10°°
T4 2nf, 27(800x10°)
C, =2.417-0.45=1.97 pF
Cy =C,[1+9,Rc ]=(0.45)1+(12.15)5)]= 27.79 pF
(150)0.026)

© r, = oalsg  ~12% kQ, Rplr, =13.212.35=6.38 kQ

=C, +C, =2417pF

1 1
27(Ry|r, XC, +Cy ) 27(6.38x10° |1.97 +27.79)x107%
f, 4 =838 kHz

1:3—dB

7.55

O = 2\/(%](\’%} b = 2\/(?}(%)(&6) = 0.6928 MA/V

On  _  06928x10°
27(Cq +Cyy )  272(50+10)x107%°

f, = = f, =1.84 GHz

7.56
IDQ = Kn(VGS _VTN )2
012=K,(02)° =K, =3mA/NV/?
On = 2y/K,lpq =2y(3)0.12) =1.2 mAIV

-3
frooOn 120 ¢ sgcH;
27(Cy +Cy )  27(40+10)x10"

7.57
@) g, =24(15)0.05)=05477 mAIV

_ 0.5477x107°

~ 27(60+10)x107%8

= f; =1.25GHz

T
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(b) g, =24(1.5)0.3)=1.342 mA/V
_ 1342x10°
27(60+10)x107**

= f; =3.05GHz

T

g
) 3x10° = m =g, =1.319 mAV
©) 27(60+10)x107* I

2
1(g,) 1 (1319
I =2 Knloo = oo =3¢ [2j :15[ 2

n

(d) g, =24(15)0.25) =1.225 mAIV
1.225x10°°

2
j =0.29mA

2.5x10° = =C._.=70fF
27(C,, +8)x10%" ¥
7.58
. n
" 2z(Cy+Cy)
Cy +Cyy =WLC,,
w C
O, = 2K, (VGS —=Viy ) = 2(?}(%}(\/& —Viy )
w
(Tj(#ncox )(VGS —Viy )
Thenf, =
27WLC,,
My (VGS Vi )
fi=—"—7"5—"
2zl
450(0.5
27(1.2%x10
(a) ( )
450(0.5
fT :2(01(812]4): fT =111 GHz
7(0.18x
(b)
7.59

(@ Cy =Cull+9n(r|Ro )= @2)L+(3)120[10)]= 3443 fF

1
(b) f3—dB =E

7=1,(Cy +Cyy )= (10" |80 +344.3)x 10 = 4.243x10s

1

fo- = f, , =37.5MHz
B 2r(4.243x10°° S




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 7
Problem Solutions

7.60
g
f. = o (Eq. (7.97))
T 27(Cyr +Cor )
Cpr =0andCy,; = (EJ(WLCOX)
Let 3
C, \[W
On =2 KnID =2 [%j[T}ID
2 (lﬂncoxj(wle
2 L
Sof, = >
zﬁ[fj(w LC,)
3
1 W
“uCo ||
s e )
27l W C,,
f o3 . |_Hlo
T 2zL \2w C, L
7.61
-9
@ K, :(%J[WTJZ (400)(6'3”0 (8)= K, =1.104 MA/V 2

Iy =K, (Ve —Voy ) =(1.104)3-0.4)° = 7.463 mA
U =24/K, 15 =2,/(1.104)7.463) = 5.741 mA/V

1 gm
I T Tig,r,
(0.8)g, =—2" = g,r, =~ -1-025
1+9,r, 0.8
r, =E: r,=43.5Q
5.741

(b) 1, =(1.104)1-0.4)* =0.3974 mA
9, = 24/(1.104)0.3974) =1.325 mA/V

g, 1325 =1.253 mA/V

~ 1+ (1.325)(0.04355)

In _ 9450

Om
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IiRi
lo=8nVe and Ve, = LR =g, Veels 7% 14,
A :I_O_ ngi
II 1+gmr5
Then

I, G) vL,,%R, =G G

In this case
A :|_0: g' R . 1 g
LT SR (Cyr #Cy ) S G (L+gaR.) and gy =
c.  As sincreases, Cy decreases, so the bandwidth increases, but the current gain magnitude
decreases.
7.63
225
b) Voo =| ————— |110)=3.103 V
(b) Vs [225+500j( )
oo = (1)3.103-2)° =1.218 mA
On =2y/K, 1 =24(1)1.218) = 2.207 mANV
Cy =Cy(0+9,Ry)=(8)1+(2.207)5)]=96.28 fF
1
© fip :2_7”_1 = (Ri”Rl"RZ Xcgs +Cy )

Now R,[R,|R, =1[500[225 = 0.9936 k

7 =(0.9936x10° 50+ 96.28)x10 ™ =1.453x10° s
1

£ — f, _ =1.095GHz
T r4a53x1070) T T
R|IR
A =-g,R, (L] = —(2.207)(5)( 1552 j =-10.96

Ry[R, +R; 155.2+1

7.64
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(8 C, =Cy,(1+|A |)=(0.04)1+15)=0.64 pF

(b) fH=i, ot ! =3.183x107°% s
2rr 2 f 27:(5><106)
7=Ry(Cq +Cu)
-8
or Ry =T _ 3.183x10 R, -37.9kQ
(Cu+Cy) (0.2+0.64)x10"

7.65
R =R R, =33[22=13.2 k

Vin = [ Riljsz ](5) B (222+233j(5) -2V

| 2-07
0 13.2+(121)(4)
| =0.3138

;2 120)(0026) 40010
0.3138

g, = 03138 _ 12.07 mA/V
0.026

. __100
°0.3138

=0.00261 mA

=318 kQ

O
2z(C, +C,)

-3
C.4c, I _ 12.07x10
2zf,  27(600x10°)

+C, =320 pF; C, =1pF = C, =2.20 pF
C.[1+ 90 (n R IR )|
(1)[1+(22.07)(318]4[5)

C, =27.6 pF

f

C;r
CM
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T= Req(czr +CM )

Reg = Ry[|R:[Rs I, = 33“22||2||r”
=1.74)9.94= R,, =1.48kQ

7 =(1.48x10°2.20 + 27.6)x10 2

7=4.41x10"s

N ! = f,, =3.61MHz

" 2zr 2z{441x10®) T T
Vo =_gmvn(ro RC "RL)

_ Rl R2||r7r V2
TORR[r R
Ry|R, [, =3322)9.94 =5.67k
5.67
T T =(0.739),

r,[Re[R. =318[45 =2.18kQ
A, =—(12.07)0.739)2.18)
A, =-19.7

7.66
Ri =R, |R, =40[5=4.44 kQ

R 5
Vi =] =2 Ve = 10)=1.111V
™ (R1+R2j “ [5+40]( )

1.111-0.7
"~ 444+ (121)(05)
leo =0.760 MA
(120)(0.026)

ro=— 2 411KQ
0.760

=0.00633 mA

g 0760
" 0.026

fy =0

=29.23 mAV

f _ gm
T 2z(c,+C,)

-3
c.+C, - On _ 2923x10
2z f, 271'(250><106)
C,+C,=186pF C,=3pF=C, =15.6 pF

C, [1+ 9n (R ||RL)]

Cy =
Cy =3[1+(29.2)(5]255)]|= C,, =149 pF

For upper frequency:
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7y =Ry (C, +Cy)

Ry, = I, [Ry[R.[Rs = 4.11/40]8[0.5
R, = 0.405 kQ

7, =(0.405x10° )15.6 +149)x10 2

=6.67x10"°s
f,, = 1 o f,, =2.39 MHz
27Ty,
For lower frequency:
7. =R, Cqy
Reg = Rs +Ry[R, |, =0.5+40[5]4.11
Ry =2.64kQ

7, =(2.64x10°J4.7x10¢)=1.24x10 s

fL=

= f, =12.8Hz
27T,

A

|r"l1-|

395+

Tt Tu [—

Vo =-0,V, (Rc ”RL)

V.- {MJV
Ry [R.Ir. + Ry

v =215\ _os100v,
* 12135405

|A | =(29.23)(0.8102)(52.5)
|A/|=39.5
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2 9=V,
Ip =Ko (Vse +VTP) = R =
s

(2)(1.2)(v§G 4V, +4) =9-V,,
2.4V2 8.6V, +0.6=0

_86+,(86) ~4(24)(06)

2(2.4)

SG

Vg =3512V

0, = 2K, (Veg +Vyp ) = 2(2)(3512-2)
g, =6.049 MA/V

I, =(2)(3512-2)" = 4572 mA
1 1
A _ﬂ_|0 _—(0.01)(4.56) =1, =219 kQ
CM = ngT (1+ On (ro ”RD ))
. G = (1)[1+(6.04)(21.9]1) | = C,, =6.785 pF
b. 7 =(RRe Cor +Cu)
7, =(2[100)x10° x(10+6.78)x107*
+ =(2J100)x10° x(10+6.78)
7., =3.29x10°%s

1

f, = = f, =4.84MHz
27Ty,

Vo =—0On (ronRD )'Vgs

R
Vg = > Vi :[@j'vi
Rs +R; 102

100
A, = —(6.04)(102 j(21.9||1)

A, =-5.67

7.68
(@) lpo =K, (VSGQ +Vip )2

0.5=0.5(s5q —05 = Vo =15V

Ry =>1°_3k0
5
V,=15-2=-05V

Rp :L_(_S):E)kg

(B) 9 =2K,lpq =2y(0.5)0.5) =1mANV

R 200
A ="On RD(ﬁJ - _(1)(5)( 200+4j =490
G i
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(€©) Cy =Cg@+9,R,)=(0.08)1+(1)5)|=0.48 pF
1
d fyg =5
where 7 =R, -Cyy = (R[[Re JCys +Cur )= (4]200)x10° x (0.8+ 0.48)x 102
which yields 7=5.02x10"s
1

Then f = = f =31.7 MHz
= o r(5.02x10°°) " *®

7.69

Ve —(Rle_ZRZJ(ZO)—lo—(Zzzisj(zo)—lo

V, =467V
10V, —4.67
RS
5.33-Vyq = (1)(0.5) (Ve —4Vys +4)
0.5V2 —V,, —3.33=0
_1+,/1+4(0.5)(3.33)
* 2(0.5)
On = 2K, (Ves +Vip ) =2(1)(3.77-2)
g, =3.54 mA/V

I =K, (VSG +Vip )2

D

=V, =377V

Cu = ngT (1+ O (RD HRL ))
Cy =(3)[1+(3.54)(2[5)]=C, =18.2 pF

7=R,(Cyr +Cy)
Ry =R [Ri[R, = 0.5]8[22 = 0.461k
7 =(0.461x10° J15+18.2)x10 2

=1.53x10%s

fu =L:> f, =10.4 MHz
2nt

Vo =-0 ngs (RD"RL)

Vo = {ﬂ}vi = (i).vi =(0.9215),

R,|R, +R, 5.87+0.5
A, =—(354)0.9215)2]5)= A, = -4.66
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7.70
l.=05mA= I, = (100](0 5) = 0.495 mA

0.495

g, =———=19.0 mA/V

0.026
- _(100)(0026) _ ooy
0.495
a.  Input: From Eq. (7.114(b))

z.F’/r =

{5 25 ||0 5. 05} x10° x (10x107)
=2.43x107"s

fo = ! = f,,, =656 MHz

27Ty,

Output: From Eq. (7.115(b))
7o, = (Rg|RL)C, = (L00[1)x10° x 10)

=9.90x10 s
1
= = f,, =161 MHz
W 2nr,, H
b. ;

_i_
Vo: gmvzr(RB"RL
ng”+—”+V” +V'_(_V”)=0
V4 RE RS
1 1 Vv
vV I I P B
”|:gm+/r+RE+RSi| RS
T
525 05 005] 005
V,(41.19)=-V,(20)
=—(0.4856)V,

v,
\\//— — —(19)-0.4856)100]|1)
A,

=914
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7=(Ro|R.)Jc, = (L00[2)x10° x (15102

7=1.485x10"s

f =—1 = f =10.7 MHz

2rt

Since f < f,, = 3-dB frequency dominated by C_

7.71

20-0.7 =1.93mA

EQ =
100
I 1.93)=1.91mA

g, = 191 ——=73.5mA/NV
0.026

_ (100)(0.026)

191
a. Input:

el o
[1 36 ||1o||1}103 x(10x107?)

7o, =1.327x107s

f,o—— L L f —120GHz

T
27nTp,

=1.36 kQ

Output:
7, = (ReJR.)C,, = (6.5]5)x107 x(o)
7p, =2.826x107°s
1

f =
P 27Tp,

'

= f,, =56.3MHz

~—

gmvfz (R "RL

<

V,(75.34)=-V, =V, =—(0.01327),
V, =—(73.5)~0.01327)6.5[5),
A, =276
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7= (Re|R.)Jc, =(6.5[5)x10° (15x102)

= 4.24%10"s
fo 1 L fo375MHz
2rtT

Since f < f;,, 3-dB frequency is dominated by C,

7.72
Vg +15Rs =5
|5 Ve

D Rs
5—Vgs =(3)(10)(V %6s — Vg5 +1)
30V %es =59V +25=0

 59:+,/(59)° — 4(30)(25)

e 2(30)

On = 2K, (Ves —Voy ) =2(3)(1.35-1)
g, =2.093mA/V
On the output:

Tpu = (RD”RL k:ng = (5"4)><103 ><(4><10_12)
Tpy, =8.89x107°s

= Kn (VGS _VTN )2

= Vg =1.349V

f, === f,, =17.9 MHz
27Tp,
R, .y
WA & v

v; Ct) Ry Vs Rp % R,

_;_
VO :_gmvgs (RD "RL)

V. V(v
gmvgs+ﬁ+M=0
R, Ry

Vgs gm-'_i-"i :_i
R, R) R
vgs(2.093+l+1J=—\i
10 2 2

V,, =(0.1857)V,
VO —
A = v (2.093)(0.1857)(5]14)

A, =0.864

7.73
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dc analysis

:ﬂ =K (Vse +Vip )Z

ID
S

5V =(1)(4)(Vse —0.8)°
=4(Vg, —1.6V, +0.64)
4VZ ~5.4 —2.44=0

5.4+,/(5.4)" +4(4)(2.44)
= -1.707
2(4)
0, = 2K, (Vg +Vyp ) = 2(1) (1707 -0.8)
g, =1.81mA/V
Re l-’l(. — (‘u.; e f-'-.-.u Ry R,

‘||-<

3-dB frequency due to C; : R, = gi"RS IR,

_ 1
277Ry - Cosr

A

R, = ﬁ||4||0.5 =0.246 kQ

1

* " 2x(246)(4x107) ~16z MHz
3—dB frequency due to C;

o 1

° 27(Ry|R.)Coer

1
" 27(2]4)x10° 10
f =119 MHz

Midband gainR

|||—<|
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1
W1
Vgs = 1 = 'Vi = 1 I 'Vi
—|IRs +R. ——|4+05
U ! 1.81
=-0.492V,

Vo = _nggs (RD "RL)
A =(0.492)(1.81)(4]2) = A =119

7.74
, 2 (120)(002) 50100
1.02
9, = 39.23 MA/V
a.

1

2zt

Input: f, =

r = (Rs “R2||R3||r,, XC” +2C,)
Ry, =0.1[20.5]28.3[3.06 = 0.096 k@
7, =(96)12+2(2)]x10"? =1.537x10°s

fo, = 1 1= f,, =103.6 MHz
2;zil.537x10’ )
1
Output: f, =——
P M onr

y
Tﬂ = (RC ”RL k:#
— (15[10)x10° x (2x102)
r, =6.67x10"s
1

ny :W: fH” =23.9 MHz
R,|Rs(F,

s )
2

IRy +Rs
R,|Rs|r. =20.5]28.3[3.059 = 2.433k 2

2.433
A = (39.23)(5|u0{m) = A, =1256

. C.=15pF>C,=C

- dominates frequency response.
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Chapter 8

8.1
(b)) Rp =

2

=

=6Q
Poma = (12)2)=24 W

(i) P =30=(20)15g = 15 =1.5A

=2(1.5)=3A

S

I D,max

Rp =—=1330Q

N
w|&

©) () lp e =4A
(i) 15 =3 A

8.2
(@) PQ,max :VCEQ 'ICQ

25:[2—24)|CQ =l =2.083A

L= 24712 5460
2.083

_ 2083 0.03472 A

l'eo
U207
0.03472

Ar _(6000.026) 24590,

b) r = =
®) T, lco 2.083

\
12mv__ 16.02 mA

:—p_
rﬂ'

Ib
I, = A1, =(60)0.01602)=0.9614 A
Pog =% I2R, = %(0.9614)2 (5.76)=2.66 W

For the transistor,
Py =25-2.66=22.34 W

8.3
30

a) R =—=25Q
@ R.=17

|
" :%zﬁzo.omﬂ
VCC _VBE (On) — 30-07 =R, =391kQ
™ 0.0075  °

=l eoVero = (0.6)15)=9W

Rg =

PQ,max



Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 8
By D. A. Neamen Problem Solutions

Vcc _VCEQ
() P max ICQVCEQ :(— 'VCEQ

RL

1
VCEQ :EVCC

Vee YV .
5= [ Yee | Ve =V =22.36V; |Cmax=ﬁ=o.8944A

250 2 2 : 25
(c) For(a): Al. =0.6A; P, L PR, =L (067 (25)= 45w
C L 2 C L 2

0.8944

For (b): Al =g = =0.4472A; P =—(0.4472)’(25)=2.5W

1
2

8.4

Ipimax)

"JJ

Vs Vpglmax)

Point (b): Maximum power delivered to load.
Point (a): Will obtain maximum signal current output.
Point (c): Will obtain maximum signal voltage output.

40 50V
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2

Voo =5V, 1, =0.25(5-4)" =025 A, Vg =375V, P=9.375 W
Voo =6V, 15 =0.25(6-4)" =1.0 A, Vg =30 V, P=30 W
Voo =7V, 15 =025(7-4) =225 A, Vg =17.5V, P=39.375 W
Vee =8V, Iy =025[2(8-4)Vps —Vs |

40—V,

10
l, =3.71A, P=108 W

Vee =9V, Iy =025[2(9-4)V,s -V,
40—V,

10
I, =381A,P=7.16 W

Yes, at Yoo =7V, P=39375 W>P, , =35 W

=Vps =2.92

=V, =188V

8.6

V
Set Vpso =%= 25V

_ 50-25
20
2
IDQ = Kn (VGS _VTN )
1.25

W+4=VGS =65V

R
Vg = 21V,
Gs (R1+R2J oD

LetR, +R, =100 kQ

I =125A

6.5 =[&j(50) =R, =13kQ
100 2

R =87 kQ
Py = looVoso = (1.25)(25) = P, =31.25 W

| =25A

VDS,max :VDD = VDS,max = 50 V

P, =3125W

D, max

D, max = 2'IDQ = ID,max
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d.
V
V_(») = ngL
= 2\/KHIDQ 2,/(0. 2)(1 25)=1A/V
|V |=(1)(20)(0.5)=10
— V2
p-lY% _1 (— P=25W
2 R. 2 20
P,=3125-25=P, =28.75 W
8.7
@
~
60 F—— !
Pp(max) I Slope = —0.5 W/ °C
(W) |
|
|
|
|
I
25°C y P Ti(max)
) Py = Py e —(Slope)(T; —25)
60
AtR, =0, T, . = ﬁ+25 =Ty =145°C
T =T
_ Ujmax case 145-25
PD~““3X - 0 Hdev—amb = T = edev—amb =
(C) dev—amb or
8.8
T vax = Vam
PD,rated = “ndx—b
dev—case
T -T
or Hdev—case = Lo al
I:)D ,rated
15025
Then Tdev _Tamb = PD (adev—case + ecase amb)
150-25="P, (2 5+6,,.. amb) =125=PF, (2 546, am
8.9

(a) T] max _Tamb = PT (edev—case + esnk—amb + ecase—snk)
120-25=P; (1.5+2.8+0.6)= P, =19.39 W
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(b) T =25+(19.39)0.6+2.8)=90.9°C
(©) Tg =25+(19.39)2.8)=79.3°C

8.10
(a) Tj,max _Tamb = P(Hdev—case + Hcase—amb)
15025 = 30(2.8+ 000 sy )= Oose_amy = 1.37°C /W
(b) T, =25+20(2.8+1.37)=108°C
8.11

(a) 150-25=P;(3.8+1.5+4)= P, =134W
(b) P= ICQVCEQ

13.4=(3)Veeg = Vego =448V

Vee =Veemn = Vg =8.96 V

8.12

o (1+ ) (1+5)
o U+pR. 1+ F)R,
@ A, = r.+(0+pR, A

We have (1+ )= g
_ R R R
Y 1R +V \Y 1
LT R+ R 4+—
IC gm

(b) (1) 0.9=

8+—
I

(i) 0.95= 81 =g, =2375A/V, | =61.75 mA

8+—
I

(iii) 0.997 =

8+—
I

=40, =1.125A/V, 1. =29.25 mA

=g, =41.54A/V, I =108 mA




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 8
Problem Solutions

8.14
1V} 1V,
(a) P, ——._" 5 0_5:—.—p:Vp =2.828V
2 R, 278
v
1= =288 3536
R, 8

(b) ForV,=-V =-2.828V
1.]=03536=(0.9)1, = 1, =0393A

8.15
1.6
@) Vo =16V, I, ==7=020A

lc =02+025=045A

0 A
0.026
8
A =—° 209928
1
8+
17.31
) Vo =0, 1, =0, so I, =0.25A
g, =22 _9615ANV
0.026
8
A =—2 —09872
1
8+
9.615
(¢) Vg=-16V, I =-02A, 1.=025-02=0.05A
g, =29 g3 av
0.026
A ——5 0939
1
8+
1.923
8.16
V, (max)=4.8V
. —07-(-5)
s =ies = =43mA
v, =V, +0.7 i, (max)=—-4.3 mA =

50 —3.6<V, <55V V,(min)=-43V

Vg (min)
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8.17
0-Vgs; —(—5

lps = K(Ves3 —Viy )2 :%()
12(Vgs; —0.5)" =5V,
ZVGZ53 —1IVg-2=0
(1) +4(12)(2)

2(12)
Vgg; =Vgs, =1.072°V
lp; =15, —12(1 072 - 05) =3.93 mA
(sat) 652 — Vi =1.072-0.5=0.572 V

Vass =

, (max)=-3.93=

=V, (min)=-3.93V

V, (min)
1

n): |
mln) A (min)—i—VTN =-3.93+0.5
)=-3.43V

max ) =5 -V (sat) =5-0.572
max ) =4.43 V

I, (max)=3. 93+#_8 36 mA

< <

o

(mi
(
 (min
(
o

51 =836 =12(Vgg, —0.5) = Vg, =133V

V, (max) =V, +Vg, =4.43+1.33= v, (max)=5.76 V

8.18
11.3

(a) For vg =-12+0.7=-11.7V, I, =—=+50=615mA
¢ 0.02

leer = 142 1y =(1+ij(615)=645.75mA
Y 40

_0-0.7-(-12)
O 0.6475

=R=175Q

For vy =12-0.7=+113V, i, =%=565 mA

ig,(max)=1, +i, =615+565= i, (max)=1.18 A

2 2
(b) EL lv__l.(“‘_?’)zalgw
2R 2 20
(24): (0.615)24)=14.76 W

)
Define 77=—L=ﬂ 100% = 21.6%
P, 14.76
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8.19
220

a) Vo =-20V, i, =——=-0.10A
@ Vo L7200

lo =0.10+ig, (min)=0.10+0.02=0.12 A

2 2
| er :[Hﬁ) I :[1+%j(0.12):0.1248 A

0.1248
(b) Por =1gVee = (0-12)(24)= 2.88 W

P=1oVee, + 1 pee (24)=(0.12)(24)+(0.1248)(24) = 5.88 W

(c) EL _l.ﬁ_l.(zoz)_

= = 1w
2 R, 2 200

n x100% =11.4%

T 2.88+5.88

8.20
2
Iy = K, (Ves =Vay )’ =12(0—(~1.8))
I, =38.9 mA
(a)
ForR =
V, (max)=4.8 V
Vos (sat) =Vgg —Vpy, =1.8'V
V, (min)=-5+1.8=-32V
vV, =V, +0.7=-25<v, <55V
(b) For R =500Q v, (max)=48V
v, <0, v, (min)=-32V  li=Yo_-32_ (4mA
. R 05
or
—2.5<v, <55V
(c)

Forv, =-2V, I;(max)=-38.9 mA

R, (min) = % = R (min)=514Q

polVe
2R

2 _ =
ﬁz PL =38.9 mW

1
2

(V)]

P, =10(38.9) =389 mW % :%= 10%

8.21
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8.22
(@
As maximum conversion efficiency

A
n=", 22 0785
4 CcC

S0V, (max) = (0.785)(5)(%)

V, (max)=5V
2V,
Vv, = £C = () 3.183V
(b) Maximum power dissipation occurs when 4
— V2
P, (max =
9( ) ps R
2= () =R =127Q
© R,
8.23
1V,
P=_."
2 R
1V,
50=— —p:V =49 V=3V =52V, V =-52V
(a) 2 24
I, :V—P:£=2.O4A
(b) R, 24
_z V_P_z(ﬁj
7 4 Voo 4\5
n=74.0%
(c)

8.24
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(a)
Vs Vs ( sat) =Ves =V =Ves

Vys =10-V, (max) and I, = I, =K, (Ve )’

\%La") = K, (Ves )
" (max)
Gs R K,

V,(max) |V, (max)
So 10—Vo(maX)=\/ RK. :\/(5)(0.4)
[10-4, (o) =222

100 - 20V, (max ) +V,’ (max) =
V,’ (max)—20.5V, (max )+100 =0
20.5%4/(20.5)" —4(100)

V, (max) = 5 =V, (max)=8V
8
:>I =1.6 mA
’ ‘f =2V DV =10V
b.
_ 8)’
PLzl-Q=6.4mW
2 5
— 20(1.6)
P, = =102 mW
n
:i:—“:m 62.7%
P 102 /=
8.25

(b) Uy = Uggy +Uo
Also v, =i R, =i,R, = KR (0gs, ), but vgg, =0, —0,
So v, = KRL(U, -, )2

S
v, do,

dUo _ ZKRL(Ul _Uo) also v —v. = v
dv, 1+2KR (v, -v,)’ e

Then dv, =A = VKR, E
do, 1+2x/K_RL-\/I

0

KR,
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We find /KR =/(4)0.05) = 0.4472
(1) For v, =0, A, =0
_2(0.4472)1)
" 1+2(0.4472)1)
(iliy  For v, =10V, A, =Mzo.739
1+2(0.4472W10

(i1) For v, =1V, 0.472

8.26
(@ g =lgex Vee =V, =V; In len | _ (0.026)In —10_3 =0.7004 V
cn s €Xp Vv BE T | . 2%10- .

T S

Vg = Vg =1.40077V
Py =ic e = (1)5)=5mW
(b) For v, =-3.5V, g, ;3145:3.5 mA=zi,

3.5x107°
Veg = (o.om)m(mj =0.732957 V

Uge =1.40077-0.732957 = 0.66781V

. _ 0.66781
e =10 1S)GXP(W

Then i, =0.2857 +3.5=3.7857 mA

j = i, =0.2857 mA

2)(10_15
Uge =1.40077-0.734997 =0.66577V
. 0.66577 .
i =(2x107" Jexp| ——— | = i.. = 0.2642 mA
o ( ) p[ 0.026 j o
icp =3.5+0.2642 =3.764 mA

-3
Veg = (o.oz@n{mJ =0.734997 V

%
U, =V, —Ugg +% =-3.5-0.735+0.7004 = -3.535V

For R, : Py =iiR, =(3.5)(1)=12.25mW
For Q,: Py, =igyUcey = (0.2642)5~(~3.5)]=2.25 mW
For Q,: Pg, =icVecy =(3.764)-3.5~(~5)]=5.65mW

8.27
(@) () ipy =K, (g —Vay )’

Vv
1=4(vgg, —1.5)" = vgey :%:2% =V =4V

(ii) P =i, -Upg = (1)12)=12mW
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() (1 o =Ko (sat)] =22~ Yoo ~Ves 521
RL RL
KR, [0ps (sat)]’ +vps (sat)-Vpp =0
Now KR, =(4)1)=4
We have 4[vy, (sat )]’ +vp (sat)—12 = 0= vy (sat) =1.612 V
v, (max)=12-1.612=10.39 V
(ii) ipy =i, =10.39 mA
g =0
Vgsy =3.112V

-V
0 = s, +U, =-2+3.112+1039 =115V

(iii) For R, : Py =iZR, =(10.39)°(1)=108 mW
For M, : Py, =ipUps, = (10.39)12-10.39]=16.7 mW
For M Py, =ip0e, =0

8.28
a.
v, =24 V=i, :%:iL ~i =3 A
. 3 .
Ign :H:MBH =732 mA
Fop lo =25 MA =i, =25+73.2=982 mA

i 3
VBE :VT In (ll] = (0026)111 (mj

S

=0.7004 V

30-(24+0.7) 53

Then 98.2 = =
98.2

=R =R =5397Q

1
25x107
6x107"2
Ve =2Vp —Vge  =2(0.5759)-0.7004

=04514V

I =1s exp[\%J = <6>< 107" )exp(oo'4052164j =i, =0.208 mA
. : —

V, = (0.026)11{ ] =0.5759 V

b.  Neglecting base current
i~ 30-0.6 30-0.6

T i ~545mA
P R, 5397 @ E——
0.545
Vp =(0.026)In| —=—"— | =0.656 V
o = )n(mloﬂJ

Approximation for o s okay.
=i, =i, =545 mA
Diodes and transistors matched =~ *~—F ~— —
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8.29
(a)
IDl = Kl (V(351 _VTN )

VGSI=\E+1=2V

2
ID3 = K3 (Ves3 _VTN )
200= K, (2-1)" = K,, =K, =200 zA/V?

(b)

V, +Vsos +Ves3 —Vasi =Vo

2

Forv, large, i, =i, =K, (V051

T e
Sov, +2+2— { (()Tg(s)H]:V“

vV, =V, + /V—°—3
2.5

—1—-1=—0 dv, l; dVO

dv, dv, 2 /2.5y, dy,

dv, | 2425y
For Vo 5V
d d
=Wl L oM gy B g g7
dv, | 2/2.5(5)| v, dv,
8.30
V, o,
Vo =V, +%— s and Vg = KLnJrVTN
Vo 20, oy = log +i = log +-2-
For R
Io +(Vo /R
Vo =V, +—22 =V, — # Vo=V +
Then

/ ’ 1

Vg 2V, +— Vi — —

v 2
For "© small,

|
v 141, [Foe. 1 =v,+\ﬁ v, - oo
2K, TR 2 K,

IooRL
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Now

dvo _ ! ~0.95

dVI 1+l Iﬂ 1
2 VK, IR
/I
l. _Do | ! =L_1=0,0526
802 K, IR 095

R, =0.1kQ, then
K,

For n'o
op VKiloq =951

On = 24K, lpe =190 mA/V

=0.01052

We can write

This is the required transconductance for the output transistor. This implies a very large transistor.

8.31
(@ Rpy =R/|R, =1410=5.833 kQ

R 10
™ (R1+R2J c (10+14J( )

oo =——— 0T _05619mA, I¢, =50.57 mA
5.833+(91)(0.02)
v
(b) R =—"5 =N R, =237Q
leg  50.57
= 1 (1)
¢) P (max)=—- =255mW
(©) P (max) 2 0.237
(d) P =1coVee =(50.57)12) =607 mW

7 =23 0100% = 42%
607
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V 15
l,=—=—"=15mA
QR
15
l.o, =——=0.15mA
8100
_ > (157
P, (max) =1_V&=(i:> P (max)=112.5 mW
2 R 2(1)
LetR;, =10 kQ
Vin = lag Ry +Vie +(1+ﬂ)IBQRE
=(0.15)(10)+0.7+(101)(0.15)(0.1)
1 1
Vi :3.715:EI~RTH Ve :E-(IO)(M)
R, =40.4 kQ
R, =13.3 kQ
8.33

@ Ry =R|R, =231.75=0.9938 kQ

R 1.75
Vg =| =2 | Ve =| == [(12)=5.185V
™ [R1+R2j “ (1.75+2.3]( )

5.185-0.7

- =2473mA, g =98.91 mA
® 7 0.9938+(41)0.02) “

V
(b) Want R] =—=% 12

=— - _=1213Q=a’R, =a*(8)=>a=3.89
leg  0.09891

(o P =

0.3339
d) 5=
@ 7=""%7

x100% = 28.1%

8.34

a.  Assuming the maximum power is being delivered, then

V, (peak) =36 V=V, =?:9 V=V

36
V,=—==V, =255V
b' o \/E 0
.= R :i: l..=0314A
\Y 636 ———
c.  Secondary s

| 0314

p=——=1,=786mA
Primary 4 -

9
=V, =636V
\/5 ms
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P = Iy Ve =(0.15)(36) =54 W

2
2 3%
1=54 712200

8.35

v, =V_+v, =V =V, -V,

V= —ve{lj—ﬁ] Ry

V4

48 r

Ve _ rﬂ

. 3 (1+ B)RE

v, 1+1+ﬂ-Ré (14 B)RL

V,
=—% where R; =

4

2

n,

v, n
v, = SOV, —V,| —

(1+B)Re

1
v_i_(n]]r,,+(1+,3)Ré
n

— 1 nl |

L :E' IeR., a=5, cQ ::P

P = ICQ'VCC
For 7=50%

_ l 212
L 2l 1R

P |CQ Ve PAVASS

r PV; 3 49(0.026)

R, = l+ﬁﬂ T (14 8)1eg

(50)(0.1)

=R, =0.255Q
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8.36
a.  Witha 10:1 transformer ratio, we need a current gain of 8 through the transistor.

b C) % R|IR,
R}I = 800 O

R R,

. A RIR, |, i
_(1 _ 172 ) £ -8=(1 _—
i, =(1+ B)i, and i (R] "R2+Ribjl, R 1 8=( +ﬁ)(R] ||R2+Rib

R, =T, +(1+B)R ~(1+B)R =(101)(0.8)=80.8

Then 8:(101)(ﬂJ

J where

R|IR, +80.8

RIR,  _ _
——=2—=0.0792 or R |R, =6.95 kQ
R R, +80.8

2V, V,
Set —&=R[ = I, :L,C:E:lSmA

. R 08

leg :110—50:0.15mA
Vin = lag Ry +Vie

1
— Ry Ve = IBQ Rry +Vee

1
1

= (6.95)(12) =(0.15)(6.95)+0.7 = R, =47.9 kQ then R, =8.13 kQ
1

|
l, =091y =135 mA ="t =1, =135 mA
P =—(0.135)"(8)= P =729 mW

Py =Veelgo =(12)(15) = P, =180 mW
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8.37
a.
V, =\2R P
V, =,/2(8)(2) =5.66 V = peak output voltage
I, = Ve _ % =0.708 A = peak output current
L
Set V, =0.9V,. =aV, to minimize distortion
0.9)(18
Then azw: a=2.86
.66
b.
1 (1 0.708
Now I, =—/ % — = 1,,=0275A
e 0.9( aj 09( 2.86 ) e
Then P, =V 1, =(18)(0.275) = P, = 4.95 W Power rating of transistor
8.38

a.  Need a current gain of 8 through the transistor.

100 0

R} = 800 0

R [R,

bh_g=(1+p —]
R[R,+R, where R = (1+8)(0.9) =909 kQ

~—

8 —[ R IR J—00792 RIR, =
—=| —————|=0.0792 or R |R, = 7.82 kQ
101 | R/|R,+90.9

by
Set 2Y¢C 09 kQ = Iy == =133 mA
@ 0.9

133

lag = —= =0.133 mA

Then Ri(7.82)(12) =(0.133)(7.82)+0.7= R, =53.9 kQ and R, =9.15 kQ

1
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b.
I, =(0.9) ¢, _1omA=lio I, =120 mA
a
E:%(o.u)%s):ﬁ:w.é mw
Py =Veeleo =(12)(13.3)= P, =159.6 mW
_R_5T6 L 361%
P 1596 ———
8.39
IBias 1073
(@) Vg =2V; In| —22 |=2(0.026)In| ———— [=1.473V
oo 5x10°

1.473/2
(b) ICQ = ISQ exp(m]z ICQ =14 mA

8.40
| -3
(a) Vg =V In T «Q :(0.026)11{—4“015 ] =0.73643 =Vge, =Veg, =Vp
% 2x10
\Y 0.73643
lg =1 exp[—DJ = (4><1016)exp[ j:> l gios = 0.8 MA
Bias SD VT 0026 ias

(b) Vg =2V, =1473V
(©) 0, =V =-0.7364 V

8.41
0.5x107°
() Vg = (0.026)ln(10—_16J =0.76025 V
0.5x107°
Vp, =(0.026)In| ————— |=0.72421V
or =(0026) (4><1o16 j

Vg =Vp, +Vp, =1.48446 V

. . v Ugg,
(b) gy =iy = lsgn exp[—VBE” J =l exp{—v p]

T T
Uggn ] [U BEn j
exp| —— exp| ——
Ist _ [ Vi _ V; _ exp[ 20gg, —Vigg J
I'son exp(UEBp J exp[VBB ~ Uggn j
V; V;

T

| -15
Vgen = %[vBB +V; h{ e ]] = %{1 48446 + (0.026)1n(%ﬂ =0.75124V

SQn X
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Vegp = Vs —Ugey =0.73322'V

v 0.75124
¢) oo =1lgy exp| /422 [=(8%107" Jex (
(©) co son P( v, J ( ) P 0026
=g, =ic, =2.828mA
(d) v, =-vgg, =-0.73322V
8.42
a. All transistors are matched.
3mA =ig, +is, :(—Hﬂ]ic vl
B s
3:(ﬂ+ijic =i, =2.90 mA
60 60 -
b.
_ R =200 Q.
For Vo _6V,1et -+ - =
i =L=O.O3A=30mA;iE3
200
30

i, = =0.492 mA
861

i, =3-0.492 = 2.508 mA

:—2'2108:>iBl =41.11 uA

Bl1

i, =3 mA =iy, =%:>49.18 HA

i, =iy, —ip, =49.18—41.11=>i, =8.07 uA
Current gain
30x107°
=———= A =3.72x10
A=gormoe A0

i 30x107°
VBE3 ZVT In [%J = (0026)111 (WJ

S

Vges =0.6453 V

i 2.508%x107
V.., =V, In| -E- [=(0.026)In| =————
EB1 T [ I J ( ) [ 5)(10713 j

S
Ve, =0.5807 V
V, =V, +Vge; =V, =6+0.6453-0.5807
v, =6.0646 V
Voltage gain
A 6

A=\ " 60646

= A =0.989
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8.43
i, =1A,lg, EL:ZOmA
a. For 50
10 _VEBI _ 2 10 _(VO,max +VBE3 ) _ 20
. R R
We can then write
10-Vge
If, for simplicity, we assume Vg =Vee; =07V, then R
2(4
_4v 2 = Q + 40
If we assume %™ = 7 V> then R R which yields
9.3
l,,=——=1,=0286 A=1
b, For V=0 % 325 "= =
Since s34 1008125 e le =l =286 A
c.
We can write
rﬂ3 + R1 i
_1 1+4
) 1+ 43,
50)(0.026
Nowr , = ZALL = (50)( ) =0.4545Q
Iy 2.86
120)(0.026
BN _(20)0020) o
Ie, 0.286
So
0.4545+32.5 1091
121
R, =—
2 51
32.5”%911 =32.5[0.0902 = 0.0900

Then R, = %{

0.4545+0.0900

} or R, =0.00534 Q
51 -

2V0 max
Zomx 440
Rl
R =R, =325Q
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8.44
1
R; :E{rﬂl +(1+ﬂ)|:Rl (rzr3 +(1+ﬂ)2RL):|}
ic, ~7.2 mA and i, ~ 7.2 mA
Thenr, _(00)(0026) 51740
SoR, = {o 217+(61)[ 2(0.217+(61)(0.2)) ||
:%{0.217+61[2||12.4]} orR =52.6 kQ
8.45

l 5
(b) For M ;; Uggrs = | —= +Vqy :\ﬁuzzv
K, 5

Usgpr = Ugsns =2V
2
log =2(2-1) =2mA

R, =R _10- 2—4kQ

(©) lpg =lpg, =2 mA
(d) For v, =3.5V, Assume M, cutoff, so 15, =0
v 3.5

Lo =1y =2 = === 2333 mA
RL 0.
veas =223 123160V
+ —\J. .
Lo = ey = (U UGW) 10 (3i6+35):0.835mA
Vs = 4> +1=1.646 V
D) = Uy + Vggps — sy =3.5+3.1601.646 =5.014 V

V) =Ugsny T KR, (UGSnz Vi ) +V©
15.014 = Dggy +8(0s — 206em +1)
or 8Vgsn, —1506sm, —7.014=0=> vgg,, =2.2625V
I oy =2(2.2625-1)° =3.188 mA
Vgs = U, —Uggny =5.014-22625=2.75V
Usgps = Uy —Ugy =3.5-2.75=0.75V, = M, cutoff
2

2
5o B3 ggmw
R, 0.15
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8.46
For v, ==1.5V and v, =0, = vy, =1.5 V=g

i =ip, =0.5= [%}(WT]] (15-08) = (WTJI =20.4
0.5= (%}(Wfl (15-08) = [WTJZ =51.0

Uges =1.5V, o.z:(%j(ﬂj (1.5-0.8) :{ﬂj =20.4
2 \LJ, L/,

02= [%j(WTl (15-0.8) = (WTl =8.16

1+ﬂp
IQ =(1+ﬂn)ﬂn[%]|51 +ﬂn[%}'5] + IE]

_ (s1)(50)[ 22 IEI+<so>(&lel+lEl
11 11
lo =2318.181, +45.451,, +1,
e, =1.692 A = I, =1.534 uA

I, :(50)(%j(1.692):> I, =769 uA

le, = (51)(50)(%)(1.692) =1, =3.92mA
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Because of 7! and Z, neglect effect of ry. Then neglecting ryy, g, and ryz;, we find

Vv
=g.V.+g .V, +g V +—=
X gm3 73 gm2 72 gm] 1 rﬁl + Z

Now
I’
Vzrl = r +Z Vy szz =0,V 2122

gm]Vﬂl + ng 7r2 ) rfr3
Vzrl +gm2 gml 7l 71'2 :|

=
( ][gml G bz ] s Vi
_(B+BBIs

r,+72

r £ir
andV_, = 2 r V= 22V
72 gml(rﬂl+ZJﬂ2 X (r +ZJ X

Thenlxz(ﬂ AB:) B Vy b Vy + b Vo + V

r,+7Z r.+72 r,+7Z r,+72

\

73 'X

Then
_V r,+72

O_| :1+ﬂ1+ﬁ1ﬁ2 (ﬂ1+ﬂ1ﬂ2)ﬂ3
( )(0026) =0.169 MQ

i 1.534
Z =25kQ
Then
R - 169+25
* 1+(10)+(10)(50)+[10+(10)(50) ](50)
R, = 1934 .00746 k& or R, =7.46 Q
26,011 -

8.48
a Neglect base currents.

|
Vg =2V, =2V, 1n[ f}
S

-3
= 2(0.026)1%%} =V =1281V
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VBEl +VEB3 = VBB

IEl - IE3+IC2

lg, =Ic; =(AJIE3
U+ 5

szﬂnIBz ﬁn[ ﬁp ]53

(o= (2 125
ﬁn ﬁP 1+ﬁp

=1, BOHOO}_IOIOSIB
le, =100.051,

100.051
VT l ( C3

V; In

100.0512, ep[VBB]
UNes _ vl Ve

I 2

100. 05|§3
BB

A

I, = I
m

Then I, =0.5245 mA

Now I, =100.051.; =49.97 mA =1,

Vg
( ] 04995 mA = I,

o) (100)@?)(0.5245) 4995 mA =1,

| -3
Voe, =V; In[ -t | = 0.0261n| 222710
|s 10

=0.70037
Vo, V. ln[ I, j 0.0261n [0.4995><103 J
I 107
=0.58062
Note: Ve, +Vegs = 0.70037 +0.58062 =1.28099
=VBB
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b.
. 10 .
VO ZIOV:>|E1 zEZO.IOAZICI

. _100
5~ 100

Ve =2(0.026)1n (%} =1.2694 V

—=1mA

0.1
Voe, = (0.026)1n(10—13j =0.7184

Veg, =1.2694—0.7184 = 0.55099 V

I, =107" exp 055099) =0.1598 mA
0.026

_ 2
R V—°=—( ) P=1W
RL L -
Poi Ve, ( 1)(12-10)= P, =02 W
PQ Ics *Vecs ( 1598)(10—[0.7—12]) = PQ3 =3.40 mW

e = (100)(ic

(100)(0.1598) =15.98 mA
PQZ = '(:2 Veea 15 )

98

0

(10-[-12])= Ry, =0352 W
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8.49
a.
-3
- 3(0.026)111(120)110012 j =V, =1.74195 V
- Ves =1.74195 V
Vee + Ve +Vegs =V
IC2 ICZ
TR
V, In [' J+v In (' }rv h{' ] Ve,
| | I
[ - }
C2
3
c2 :ﬂnls%,eXp
1.74195
=(20)(20x107"*)3/exp| —
(20 ) p( 0.026)
le, =020 A, I, ~10 mA, I, ~ 0.5 mA
Vae, = (0.026)1 (IOXIO J Vge, = 0.58065 V
Vae, =(0.026)1 [ j:vBE2 =0.6585 V
-3
Vg, =(0.026)1 {025 11)012] Vesy =0.50276 V
b.
_ 2 2
P. =10 W=%-\é—°:%-\£—ooz>vo(max):20V
L
For Vo(max)
2
PL:V—°=—( ) p 20w
RL

i) (max) = —;—0 =-1A

igs +icy +igy =—i, (max)=1A

ics ICS‘( P ]+i(3_4[ﬂjzl
ﬂn 1+ﬂn ﬂn ﬂp

i uc{ 23 ]gc_s[ i jL% -

“ ;Bn 1+ﬂn ﬁn 1+'8n 'B” ﬂp

+

B Gl
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i (1.05048) =1 ig; =0.952 A
i, =0.0453 A
ic, =0.00272 A

iy =0.00272 [gj

=0.002267 A
2.267x107
VE83 = (0026) In [WJ =0.54206 V

Ve, +Vge, =1.74195-0.54206 = 1.19989

|
V; ln[ lez j+VT ln[£j=1.19989
ﬂnls IS
. 1.19989
i, =+, -1 /e
c2 Byl Xp( 0.026 J

=20(18.83) mA

i, =93.9 mA
i, =2 Po | 939 _ 447 ma
B \1+p | 21

Por = lcs (24-(~20)) = (0.0939)(44) = 4.13 W
Pos =(0.952)(~10—-(-24)) =133 W
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Chapter 9

9.1
@)
Vo = Ay (Vz _Vl)
1= A (10° ~(~107)) = A, =500
(b)
1=500(v, —10"°) =1+0.5=500v,

v, =3 mV
(c)
5=500(1-Vv, ) = 500v, = 495
v, =0.990 V
(e)
~3=500(v, —(-0.5))
—250-3=500v,
v, =—0.506 V
9.2
(@ v, = Yo _=2_ 510y
2 A, 10°

L, = 1 0
1+2000

~2x10"* :[ﬁj-u, = v, =-0.4002V

1
b) v, = (1+ zoooj'u'

v, = L (2)=0.9995x10°V
2001

Do =1= A0, = Ay, (0.9995x10° )= A, =1000.5

9.3
@ vy =AyL,—0,)= (5x103)(2.0000—2.0010)= 5V
(b) v = Ay (Uz _Ul)

~3.000 = (2x10* |3.0025-0, )= v, =3.00265V
() v =Ay (Uz _Ul)
1.80= A, (0.01-(~0.01))x10° = A , =9x10*
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9.4

=08 mV

R

Vig = ! v,
R +25

0.790 = ( R 25](0.80)

R +
O.9875(Ri + 25) =R
24.6875 = 0.0125R,

R, =1975 K

9.6
200

=—= 10
A=

and for each case
R =20 kQ

9.7

=210
A=

R =R, =10 kQ

100[L00
- =-5

v 10
R =R, =10kQ
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C.
100
A= Tor0
R =10+10=20 K
9.8
(@) |i2|=0_uO ,=———— =R, =200kQ
) 20x10°
A, = Re o220 R, =16.67 kQ
1 1
. 0-v 0-15 .
b) i, = ° — =i =i, =-75uA
®) 1, R, 200x10° * ° #
o, =lo -5~ o1y
A~ 12
9.9
R
A\/— 2
R,
@ A=
() A=
(¢ A=-020
@ A=
e A7
®m A=
9.10
-R, -—
(@ —3-=—2-220_ ¢ _200kQ, R, =6667kQ
Rl Rl
-R, -—
b) —8=—2-=20_ 5 _s00kQ, R, =25kQ
Rl Rl
-R -
(© -20=—2_220_ ¢ _o00KkQ, R =10kQ
Rl Rl
(d) _o5-Re_Re =100kQ, R, =200kQ
2 1
R, 200
9.11
S 0.25
a) |ijl=—=>R,=——=R,=5kQ
@ i R, ' 50x10°¢ *

-R -R
A =—2=-65= 52:>R2=32.5kQ

v
1
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(b) v =20 ="% _op154v
A, -65
o 4
i, =1, =——=0.123mA
325
9.12
@ A =
Rl
_R2
—20= s =R, =25kQ, R, =500kQ
(b) —20=_1000:>R1:50k£2, R, =1MQ

1
. v -02 .
(c) For@@), i,=—=—==1i,=-8uA
"R, 25 1
For (b), ilz‘;_':%jilz_“p\

1

9.13
a.
a R LOR o Re
R,  0.95R R,
0.95R, =0.905 R
1.05R, R,
Deviation in gain is +10.5% and —9.5%
b.
A= L0IR, :1.02[&J = 0.99R, = 0.98(&]
0.99R, R, 1.01R, R,
Deviation in gain = £2%
9.14
. -R -
@) (i) vo =—=2-v, :E(—0.20)=3v
R, 1
0— _
i) i, ==Y _ =3 __020mA
(ii) i,
R, 15
g 3

i =—2=2-0.75mA
R, 4

ig+i, =i, =i, =0.75-(~0.20)=0.95 mA
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(b) (i) ve =_T15(0.05)=—0.75v
(ii) i, _0-(-0.75) _ 0.05mA
15

i = % =-0.1875mA

io =i, —i, =—0.1875-0.05 = -0.2375mA

© (i) v :‘T15(83inwt) (MV) = vy =—0.12sin ot (V)

... 012sinwt . .
(i) i, :ﬂjlz =8sinwt (u A)
15
-0.12sinwt . .
i =$2|L =-30sinwt (u A)

iy =i, —i, =—38sinwt (uA)

9.15
A=
R+Rs
A =-30+2.5% = 29.25<|A | <30.75
So —2_—29.25 and —— 3075
R +2 L+l

We have 29.25(R, +2)=30.75(R, +1)
Which yields R, =18.5 kQ2 and R, =599.6 kQ

Forv, =25 mV, then 0.731<|v,| <0.769 V

9.16
-R —
Vs :R_Z.U, :%(—0.15):1.2v
1
R ~100
Ug = RA'U01: 20 (1-2):_6\/
3
i, =i, :LF’Q_':%:Q =i, =-15 u A
1

.. L, 1.2 . .
=1, :RL::E:IG' =1, =60 /,lA
At 0o, iy +igy =iy =ig, =60—(~15)=75 u A; Out of Op-Amp

At vg: i, =i, =60 x4 A; Into Op-Amp

Yo _[ZRe | ZRa|_10g
U, R, R,

For v, =50mV, v, =(100)0.05)=5V

9.17
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. 5
If |i,|]=50 uA, R, =——> — R, =100 kQ
i =50 * 7 50x10°° ‘
Set R, =10kQ
Then 22 —100= R, | 100 3&:10
v, 10 \ R, R,

Set R, =100kQ, R, =10kQ

9.18

-R, (-R, Y -R
Rl R3 RS
. Vo 6
For v, =6V, set |I6|=R—360,LJA:R—$ R, =100k Q

6 6
Set Ry =200 kQ so that [ig| =30 x A
Set R, =20 kQ

R, Y R
Now 300=( 2 | Re | 200
20 A R; \ R
For example, set R, =100k and R, =20kQ
Then 300 = 100} R, 200 =50&
20 A Ry \ 20 R,
Or %=6, set R, =20kQ and R, =120 kQ

3

9.19
@ v, = _RRZ v, =—(%](—0.40)=8.8V
(0) A =2 : - (22} —

CR (R e )
|:1+Aod(1+R1Ji| +5X103( )
v = (~21.8993)-0.40)=8.7597 V
©) A, =—(0.998)22)=-21.956

1

{1+ Aid (23)}

~21.956 = —(22)- = A, =1.1477x10*
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9.20
@
A - R 1
R
' {1+1(1+ Rzﬂ
U R
_ 100 1
25 1
1+ 5
[ 5><103( )}
A, =-3.9960
o Yo ~3.9960(1.00) = v, = ~3.9960 V
4-3.9960 16006 = 0.10%
©
(d)
Vo = Ay (Vz _Vl) =—AgVv,
wo Vo _ ~(~3.9960)
YA, 5x10%
v, =0.7992 mV
9.21
@ A = 100, ! =-0.98431
10 1 [ 100)
14— |1+7—2
7x10° 10
Yoo T _ g7011v

v, = =
A —9.9843

Yo _ T —amv
A, 7x10°

v, =
b) A, :ﬁ:ﬁzz.sxlo“
v, 2x

A, =(-10) [1 11 (11)} =-9.9956

J,_i
2.5x10*

v, =Y -5 50022V
A, —9.9956

12

9.22
@ A - [1+&+&J:—_5°(1+5_0+@
L R, R,) 10 5
(b) (i) —100:—5[1+ﬂ+%J:> R, =2.78kQ
4

1+ —+—
. 90

(ii) —150 = —5[

>0 5OJ:> R, =1.79kQ
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9.23
a.
A\/ :_&[14_&4_&}
R\ R R,
R, =500 kQ
80— 1+—= R +&
500 R, R,
Set R, = R, =500 kQ
80-1|1+22 1| -2+ @:R = 6.41kQ
R, R, ————
b.
Forv, =-0.05V
.. 005 . .
b=, =—=1=1,=-01uA
TR TRk A2
Vy =-i,R, ==(~0.1x10°)(500x10° ) = 0.0
= 005 780 A
R, 641 “*——
iy =i, +i, =—0.1-7.80 = i, = —7.90 xA
9.24
@)
A, =-1000 = R, _ 500
R R
R =05K
(b)
AV:_RZ 1+ & Ry
R R, R
1000 [ 500 500) —1250
R, 250 250) R,
R =125K

9.25

ST
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=i
1 R - R
. \"
v,=-i,R= —(E'jR =-v,
j=—a =
° R R
. Vy V, 2V, 2,
i,=iL,+i,=—"-SL=——Ff=—1
2% R R R R
Vg =V, —i,R=-v, — 2—%")(R)=—3v,
Lo Ve () 3w
* R R R
i =i, +i 20 3 S,
6 — "4 5 R - R
vV, =V —ILR —3v—5lR Yo -8
0~ B 6 - | R V|
From Figure 9.12= A, =-3
9.26
-R —
@ A = RZ- L = 2280~ 1 =-9.9978
' 1+i 1+& 1+1[1+200j
A, R, 5x10* 20
(b) v, =2 - =480 4801056 v
A, -9.9978
-vo  —(-4.80)
) v=—Y =" =96 uV
© v A,  5x10* L TORH
(d) 280106-48 5006 0.022%
48
9.27
-R
@@ A = RZ- ! :(—1)-+=—0.9992
R
bl bR {1‘“3(2)}
A, R, 2.5x10
(i) v =(~0.9992)(-0.8)=0.7993605 V
(ii) 0.8-0.7993605 ;5005 ~ 0.08%
0.8
(b) A, = (—1)-+ =-0.990099
1+ 2
[ 2x10? ( )}

(i) v, = (—0.990099)-0.8)=0.79208 V

0.8—-0.79208

Gy  —2 00 100% = 0.99%
0.9
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9.28
|:V—|:|2:—V—O V_O:_&
@ & R, v R
(b)
|2_|1:V_I:|3+V_o_|3+ (_&.Vlj
R R, LR
Then i, =—'[1+&j
R, L
9.29
R, R 0.11
VX.max = L V= —" (10)Z>VXmax =0.09008 V
R,[R +R, 0.1J1+10
|VO| :&'Vx.max
R,
10:&(0.09008)3&2111
R, R,
So R, =111kQ
9.30
Re Re Re 120 120 120
Vo =—F5"Un—F5 "V Wi == U T U U
Ry R, R, 40 20 60

Lo =—3v,; -6V, -2V,
@) v, =-3(-0.25)-6(0.10)-2(1.5)=-2.85V
(b) 0.5=-3(v,,)-6(0.25)-2(-1.2)= v,, =0.133V

9.31
(@) v, =-2.5(1.20,, +2.50,, +0.250,5) = —3v,, —6.250,, —0.6250,,
R R R
Then —F=3, —F=6.25, —==0.625
R1 RZ R3

R, is the largest resistor, so set R, =400k Q

Then R, =250kQ, R, =83.3kQ, R, =40kQ
(b) v, =-3(-1)-6.25(0.25)-0.625(2) = 0.1875 V
v, 0.1875
R, 250

=ie|=0.75u A

ie|=

9.32
Vo :_2(U|1+30|2):_20|1_6U|2
Then R—F=2, R—F=6
R, R,

For v, =-1V, v, =-05V



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 9
Problem Solutions

Then v, =-2(-1)-6(-0.5)=5V

Set fig| =80 A= 20 = > R, —625kQ
Re R

Then R, =31.25kQ, R, =10.42kQ

9.33
v, = (0.05)v/2sin (27 ft) = 0.0707sin (27 ft)
f=1kHz=T :ig:l ms v,=T, =i:>10 ms
10 100
R R 10 10
Vo = _?.vll _R_'Vlz = _T'Vll _E'VIZ
1 2

Vo =—(10)(0.0707sin (27 ft))—(2)(+1 V)

Vo =-0.707sin (27 ft) - (£2 V)

1.293 | > i |
| I
% i
| I
| i

—1.293 |- | I g

B Vi s v

10 cyeles
9.34
R R
Lo = _R_F'Ull _R_F'Ulz
1 2
~0.5sin ot = —f—o(o.oo4+ 0.125sin a)t)—l%o(—o.oos)
1 2

Set —0.5sin ot = —lF?—O(O.1253in wt)= R, =25kQ

1

100 100

We have 0=-—=(0.004)—=——(~0.006)
Rl RZ
0--24.06 ¢ _a75k0
25 R,

9.35
(@ v, =—2{UT'1+20,2+u,3}=—%u,l—40,2—21),3
R R R
Then ~E -1 Re_, Re_,
R, 2' R, R,

Set R, =250kQ, Then R, =125kQ, R, =31.25kQ, R, =62.5kQ
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(b) For v, =-2V, v,,=0, v,=-1V
Vo =—%(—2)—4(0)—2(—1)=3v
For v, =2V, v,, =05V, v,;=0

v =—%(2)—4(0.5)—2(0):—3v

Then -3<v, <+3V

H |U |m>( H
|IF|max :;—::E3|IF|maX :24/1A
9.36
R R R
Lo :—R—:'Uu—R—Z'Uuz—R—Z'Uus

—6sin ot = —%(2+ 2sin wt)—E—F(OBSin a)t)—i—F(— 4)

1 2 3
We have —i—F(2)+|:—F(4):03 R, = 2R,

1

3
R R

Also -6=-—(2)-=F(0.5

0 -6--%2)- 2 09

1

: 6
For vg =6V, [ig] .. :120,uA:¥:> Re =50kQ
For |v,|

1

Now 6 (50)(2)+ (50)05) _ 100 .25 _ 100 25

—— +22 R, =8.33kQ

=4V, i =120,uA=i:> R, =33.33kQ and R, = 2R, = 66.66 kQ
max max R

R, R, R, R, 3333 R,
9.37
a
R, R R R
Vo= —"F 2 (.5)—F .a (=5)—F .3 (-5)—"F.a (-5
o=, B B) g (5) g a(5) a5
So v, _Re 5,2, 4. % (5)
1002 4 8 16
v=25-Re 15 r 10k
b 10 2
C.
v =01 5y 03125V
. 1016 L0

VO:E{l+l+l+i}(5):>vo:4.6875V
. 10/2 4 8 16 -
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9.38
-10)-20 20
@ v, = (T][T]U” _(T]'UIZ = 2000, —20v,,
(b) v, =(200)5)-(20)-25-50sin wt)=1000+ 500 +1000sin wt (MV)
v, =1.5+1.0sinwt (V)
(c) Forthe 20 kQ resistor:
i S, lj  =0.125mA
max 20 max
For the 10 kQ resistor:

10 . 50 mV .
|001|:[T)(5):50 MV, B = 2 =52

9.39
For one-input
R.I‘
AVAVAY
- =3
" ——e 1y = —A, V)
r’\/\/\j'— =
= RyR J:
__Yo
=2
Aod
L) —U; U, U; —Ug

R
Vo ——R—F-u,1~ 1 where R, =Ry[|R,|R,
R
' {1+1[1+FH
Aod Rp
. - R R
Therefore, for three-inputs v, -t —F v =0, +
1 RF Rl RZ
1+—|1+—
od RP

R
_F'“'Sj
R3
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9.40
@ A, =

() A =[1+—

A A =[1+Z]=2

|

(b) A, =[1+%j:4
(
[

9.41
R R

@ A, =15 =(1+—2J ——2-14
R R

1 1

For v, =-75V = v, =-0.5V

li| =120 u A=

2

(b) v, =(15)0.25)=3.75V

7505 R, =58.33kQ, R, =4.17kQ

. 025 . .
i, =1, =m:>|1 =i, =60 A
9.42
R
(a) AU:[1+—ZJ
1
2 RZ
3=|1+—|=>—=2, Set R, =290kQ2, R, =145kQ
Rl Rl
RZ RZ
() 9=[1+—|=—=8, Set R, =290kQ, R, =36.25k Q2
1 1
RZ RZ
(c) 30=|1+— :R—=29,Set R, =290kQ, R, =10kQ2
1 1
RZ RZ
(d) 1=|1+—=|=>—=0,Set R, =0, R, =290kQ
R1 R1
9.43
=
= Vo = ApaVp
Vp o—— +
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1
25= —|(5 =250.5
N Au (501]( )= Ay
Vy = SOOO(ij(S) =V, =499V
b. 501 —
9.44
[ soj ( 20 J ( 40 ]
Vo=|1+— ||| =——= Vi, +| ———= |V,
50/ 20+40 20+40
v, =1.33v,, +0.667v,,
9.45
(@)
Vii =V, +V|2 ) :V_z
20 40 10
100
Vo = (1+EJV2 =3v,
Now 2v,, —2v, +V,, =V, =4y,
2V, +V, =1V, = 7(\/—"}
3
6 3
So VO —7'V|l +7'V|2
6 3
Vo ==(0.2)+| = |(0.3) =V, =03V
b 7 7
(b)
6 3
v, = (O 25)+ = (—0.4) =V, =42.86 mV
7
(©
9.46

R4
@ v, :[R3+R4J.U|

Jr_i
R4
R R R
(b) 6:(1+—2J-;:>[1+_2J:93_2:8
Rl (14_25) Rl R1
50

Set R, =200kQ, R, =25kQ
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9.47
(@)

(c) Ifx =1, gain goes to infinity.

9.48
(@ vy :(%J(ZR)H)' =3y,

Ux ZU  Px  Px 7o
2R R 2R

1 1 1) v v,

Uy | ——+—=+— |-t =—2
2R R 2R 2R 2R

3, 3 _ O _Yo
R 2R 2R

so 2011
U,
(b) For v, =0.25V, = v, =2.75V

() R=30kQ, v, =-0.15V

For R;: |i|:%:>5,uA

=0

For R,: fi|=5uA

vy =3v, =045V
1045

For R,: |||:¥:>15yA

vo =(11)-0.15)=-1.65V

For Ry: |i|:%: 20uA
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9.49
Yo _9q

(@
(b) From Exercise TYU9.7

-4

Vo _ R,

faed]
A R,

ButR,=0, R, =

Yo__ 1 _ 1 V% _(gg9993
Vi 1+i 1+ ! Vi
A, 15x10°
Vo 1
Want 2~ 0.990 = —=— = A, =99
| 1+7
(b) A)d

9.50
@) vo=Ay (Uz _Ul): Asg (UI _Uo)
Uo (l+ Aod ): AodUI

AU=”_°=L1= 11 - 0.9524
RU R P
A, 20
(b) A, = 11 =0.995
1+—
200
© A, = 11 = 0.9995
1+
2000
d A, :;1:0.99995
1+
20000
9.51
@ Aul=@:[+&j
b 1
AUZ = UOZ - 1"1‘&}
b, Ry

(b) v, = (1+ %j(— 0.5)=-2V
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R 60
(€) Vg~V = 2[1+R—2J-u, = 2(1+%j(0.8): 6.4V

1

9.52
VI
i =—-
@ &
(b)
Vo, =1, R +V, =i R +i R,
Vo (max) =10 V =i (1+9)=10i
Soi_ (max)=1mA
Thenv, (max)=i R =(1)(9)=v, (max) =9V
9.53
20
@ v =(20+40j~0| =(0.3333),
(i) v, =1V

(i) v =-1.67V
20
(b) v, =(mj-u, =(0.3333)y,
(i) v, =1V
(i) v =-1.67V
10) 6
© v {“EIGMS}U' =(0.2222),
(i) vy =0.667V
(i) vy =-1.111V

9.54
a.
R, =2 and 2 —j and\v, AV
in T . - 0 d '1
Il F
Soi, = 2 ( Abdvl)_vl(l+pbd)
F Re

ThenR, =1 — e
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1

. R . R .
|1:[ S jls and v, =—-A, ——-i
s +Rin 1+ Ay

Sov, =-R; A Rs i
1+ A, IR +R,,

R, = =10 _ 0009990
1+A, 1001

v - R (1000) Rs i
° 11001 ){ R, +0.009990 ) °

Want (1000) Rs <0.990
1001 )\ Rq +0.009990

which yields Ry >1.099 kQ

9.55

/;‘_ ——e /()

—-10V

AL

Vo =icR., 0<i. <8mA
For v, (max)=8V, Then R. =1kQ

9.56
i-Y 1= L Rr-10k0
R R

In the ideal op-amp, R; has no influence.

Vy = (1+ &jvl
Output voltage: R

Vo must remain within the bias voltages of the op-amp; the larger the R, the smaller the range of

input voltage v; in which the output is valid.

9.57
P TY -(-5)
a) i, = i R, =——~2=1kQ
() L Rz 2 5
Re 1
Set =—— Forexample, set R, =R, =10kQ, R, =1kQ
1'Y3 2
(b) v, =(Y0.2)=1V=0,
i, =i, = =271 oema

R, 10
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For the op-amp: i +i, =iy =i, =iy —i, =6—(~0.6)=6.6 MA

Vo =0, —i,Ry =1-(~0.6)10)=7V

i :M:E:f;mA
R, 1
TR,
R, 1

9.58
(@)

(b)

——i,R.

X

. SV
|1:|2and|2=R—+|D, v

Then i, = —i, (&J +1p

Oriy :i1(1+&j
RZ

12:(1)[1+&j:_:
RZ RZ

For example, R, =5kQ, R. =55kQ

9.59

(1)

@)

RZ R3 '
h_1_ 1 1 1 R 1 R
V., R, R, R, R, RR, R, RR,

_RR,—R,R;
RR,R,
orR, = RRRs
RR, - R,R.
Note: If Re !
R

13 2
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9.60
(@) Ry, =R, +R,=30kQ; R, =R, =15kQ
Re R 15 R, =R, =225k Q
Rl R3
(b) v, =i R, =(0.25)10)=25V
vy, —vy =22 =22 01667V
d
©) v =A,(v,,-v,)=151.2-1.5)=-45V
i =20 =45 ga5ma
R, 10
(d) v, =(0.5)10)=
vy, —vy, =20 =2 0333V
Ad
v, =2-0.333=1.667 V
9.61
R, R,
() —2=—%=40; Set R, =R, =250kQ, R, =R, =6.25kQ
Rl R3
R, R,
(b) —2=—%=25;Set R, =R, =250kQ, R, =R, =10kQ
Rl R3
R,
() —2=—%=5;SetR, =R, =250kQ, R, =R, =50k Q
Rl R3
R, R,
(d) —=R— 0.5;Set R, =R, =125kQ, R, =R, =250k Q
1 3
9.62
We have

R, /R,
v0=(1+ 2}(1+R/Rj { jvllorvo [1+

SetR, =50(1+x), R, =50(
R; =50(1-x), R 50(1+x)

PPN ESa: 1|, (X,
° T 1-x 1+(1—xj ol1-x) "

1+X

1-x 1+ x+(1-x)

(1+x v — 1+x v
1—X 12 1—X 11

" '1—x+(1+x)H 1+ }Vu_(u_xv
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Forv, =v,, =>Vv, =0
Set R,=50(1+x) R, =50(1-x)
R, =50(1+x) R, =50(1-x)

v — 1+1+x 1 v 1+x v
o~ 1—x 1+1+X 12 1—x 11

1-x

1+Xx
=V~ E Via

Vip =Vi2 = Ve

V_O=1_1+X =l—X—(1+ X) _ -2X
Vi 1-x 1-x 1-x
Set R, =50(1—X) R, 50(1+ X)

R, =50(1-x) R, =50(1+x)

v, —(1+1_Xj LI —[1_xjv
© 1+x)| 1, 1=X o l1ex) "

1+X
— [1_1__)()\/cm
1+X

S lex—(1-x)  2x

A 1+x  1+x
Worst common-mode gain
—2X
Acm - 1-x
(b)
- -2(0.01
Forx=0.01, A, = =2 _ M =-0.0202
1-x 1-0.01
-2(0.02)
Forx=0.02, A, =——*=-0.04082
1-0.02
—2(0.05)
Forx=0.05, A, =———=-0.1053
1-0.05

. . 1 1
For this condition, set v,, = +§’ V= —E: v, =1V

1-x+(1+x
a 2Ly (i) oLfioxe @] 1 2
2 1-x 2 1-x 2 1-x 1-x
For x=0.01 A, =1.010 CMRR, =20log 1010 =33.98dB
I T 0.0202) T
For x = 0.02, A, -1 100 cMRr R, = 20log,, 1020 |_ o7 96 4B
0.98 0.04082
For x = 0.05 A, -1 _1056 cwm RRy = 20log,, 105261 . 50 4B
0.95 0.1053
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9.63

@) v, =10(v, —v,)=10(1.4-1.8)=-4V
i v, 14

" R+10R  (11)10)

Uy =0y = (10] v, Goj(u) 1.273V

11

=0.0127 mA

i =i, =0 Ox (1871213 4 6550 A
R 10

(b) v, =10(v, —0v,)=10(3.6-3.2)=4V
10
Ly =0y = (nj(s 6)=3.273V

L N v, 36
(L1)10) 110
i, =i, = % =-0.00727 mA
(©) v, =10(-1.35-(-1.20))=-15V
iy =i, _ 135 _ h0123mA

(11)10)
Uy =0y = G(ij( 1.35)=-1.227V

. -1.2-(-1.227)

=0.0327 mA

=0.00273mA

9.64
@ lo=01+p)1,=(76)1.2)=91.2mA
R=—2 _ R-1006Q
91.2
(b) 1. =(101)0.2)=20.2mA
R=—2 _0495kQ
20.2
6
0.1096

I, =24 _ g 72mA
76

(c) Iz = =54.74 mA

4
d I.=——=8.08mA
@ I ~0.495

1, =298 _ 0080 mA
101
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9.65

-R
@) vo = R_z “Ucewm

R4
R R R
Do =VUg; +Ugp = 3R .[1+R_2J_R_2 Ucm
1+-14 1 1
RS
AC Uo 3 Rl Rl RS Rs Rl
v = - -
UCM 1+& 1+ R4
R, R,
86.4 62.4
96 104 9-6
= = 20.3
() Acy 86.4 10
1+—
9.6
80.8 79.2
(©) Ay =128 202 _0 03149
80.8
1+—
19.8
or
79.2 80.8
A, - 20.2 7913.8 00325
1+ ——
20.2
= |Agu |, =0.0325
9.66
R " R v, Ry
1 AVATAY; 'V\/\/
Ry
¥ NV = 2 I &
R,
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Viz—=Va :VA_VB +VA_V0
R+R, R, R,

Vig = Vs Ve =Va Vs

@

RR, R R @

v_:[ R ]vA+[ R ]v,l 3)
R +R, R +R,

V+:( i jVB_'_( i )VIZ (4)
R +R, R +R,

Nowv_ =v, = RV, +RyVv, =RV, +Ryv,,

So that v, = v, +R 2(v,, = V)

R +R, (RiiRz Rt éj_%_% ®
R +R, (RiiRz Rt é]_:&v—A (2)
Then

[ NESN i]__[R_J( : +1+1](v,2_vu) )
R+R R, + RR R,) R R (RJR+R, R R,

[ i iJ_L[VB"‘&(VM_VM)} (2)
R+R R+R, R, R,) R, R

Subtract (2) from (1)

)
v {Rﬂ{ 1 1 1] 1 1 R2}
2=V, -V 3| 2 || —— = |t —+— 2
R, RO\R+R, R, R,J R+R, R R
{ R, +&+l+ R +&}
) Ri+R, R, R+R, R

v, :%[H 2 ](vI2 -V,)

R
R,

9.67
@ i <nz_ (1.2-0.08sin wt)—(1.2+0.08sin wt) i = 6sinat (4 A)
R, 10
. =(1.2-0.08sin wt)—(0.016sin wt}40)=1.2-0.72sin wt (V)

Voy = (1.2+0.085sin wt)—(~0.016sin wt 40)=1.2+0.72sin wt (V)

Ri (bg, —0g,)= (1420)(2)(0723ma)t) 432sin ot (V)

3

R
UOR
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(~0.65+0.05sin wt)—(~0.60 - 0.05sin wt)

(b) ii = 10
i, =-5+10sinawt (ux A)
Vo, =—0.65+0.05sin wt +(40)—0.005+0.010sin wt) = —0.85+0.45sin wt (V)
Vg, = —0.60—0.05sin wt —(40)—0.005 +0.01sin wt) = —0.40 - 0.45sin wt (V)
Vo = (%j[(—o.m—ms sin t)—(~0.85+ 0.45sin ot)|=1.35—2.7sin wt (V)
9.68
Vog = (1+gjvl = 2.1667sin wt
@)
Voo = —EvI =-1.25sin wt
(b) 12
(©

Vo =Vog —Voc = 2.1667sin wt —(-1.25sin wt)
Vv, =3.417sin wt

Vo _ 3417 o aq
(d) v, 0.5
9.69
. D, —U
(a) Io — 11 2 12
(b) R _025-(-025) = R=100Q

(©) v =0, +igR, =0.25+(5)1)=5.25V
Ugp =0y, =—0.25V

. v,-v, 125-175
d i — 11 12 —
@ o R 05

Vo, = Uy, +igR, =1.25-(1)3)=-1.75V
Vg, =0, =175V

=-1mA

9.70
v, R 2R
R
Vi =V Rs R1
2(115
|vo|:@[l+( )](0.0GSina)t)
50 R,
230

For |vo|=0.5 R =1.0833= R, =212.3K

Vo| =8V 20 _ 3533, R, =7.11K = R, =7.11K, R (potentiometer) = 205.2 K
R
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9.71
10
F =10V, A, =200 v, =—=0.05V
or Vg d = U, Uy 200
. 0.05 .
Rl(flxed)zwj Rl(flxed)zle
A, =&(1+ ZRZJ
R3 Rl
2R,
200 =(2.5) 1+ T |7 R =395 kQ
For A, =5
5= (2.5){1+@} = R, =79 =R, (var)+R,(fixed )= R, (var)+1
1
R, (var)=78kQ
9.72
R
UO(U01):_R_Z'001

R, R,
U Dg, )= 1+—|v
O( 02) (R3+R4j( RéJ 02

Vo =Ug (1)01)+Uo (Uoz) and vg, = Vg, =Ugy
Then

Ao =22 =| et || 2
Uem Ry +R, Rs Rs
R, =2R, =60kQ, R, =30kQ, R;=30kQ 5%
For R; =30kQ —5% =28.5kQ

Ay = =20 Y1480 ][0} _ 03500
60+30 \~ 285) (285

For R; =30kQ +5% =31.5kQ

Ay = =22 Y14+ 20 1[0 )_ 503175
60+30 " 315) (315

Then -0.03509 < A, <+0.03175

9.73
(8 R.C,=(20x10°)0.02x10°)=4x10"*s
1 025
Vo = —74‘[(0.25)005 wtdt = msm wt
4x10 4x10
For [vg| =0.25=> (4x10 (27 f)=1= f =398 Hz
Phase =90°



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 9
Problem Solutions

0.25

(0) () |vo] =1.5=W:> f =66.3Hz

0.25

(i) |oo| =0.15=2ﬁ—f(m:> f =663Hz

9.74
21 1 12
=— t')dt’ = 0.25)t'
@ vo =g [0k = 2025
—S:M:&CZ:GO%
R1C2

(b) () 0=—5+M-t”:>t”:3s, t=42s
0.06

i) 5=5+ @10 v _gs o725
0.06

9.75
y RZ['colC J R
@) A, =—2, where ZZ:RZH,1 %) R
R, |joC, R+ L L+ieRC
jaC,
R, 1
" R, 1+jR,C,
-R
(b) At =0, A, (0)=—2
1
R
(c) |A, :_2.;
Ry J1+(eR,C, )
2 1 1
Set 1+(aR,C,)’ =2=> 0= =f=
R,C, 27R,C,
9.76
@ R,=20kQ
R
—2 -15= R, =300kQ
Rl
= L =2rf
RZCZ
L L — C, =106 pF

C =, 27(5x10° J300x10°)
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(b) R, =15kQ
Re _25=R,=375k0
Rl
1
27(15x10° [375x10°

C,= ):>CZ=28.3pF

9.77
-R 1+ joR,C
(@ A, =—2, where 21:R1+_1 S it

R joCy  jC,
_ —jaR,C, _ -R, ) joR,C,
“ 1+ jeR,C, R, 1+ jeoR.C,

(b) As o=, A, = Ry

1
© |af-te —F
TR 14 (eR,C, )

R,C
gt & 1 1l
’1+(C()R1C1 )2 \/E R1C1 2z R1C1
9.78

(@) Set R, =350kQ

R
=2 =15 R, =23.33kQ

Rl
1 1
2 f = =C, = = 3 51— C, =341pF
R,C, 27R, T 27(23.33x10° J20x10°)
(b) Set R, =20kQ
R
—2=25=R, =500 kQ
1
C, = L = C, =227 pF
' 27{20x10% 35x10%) T
9.79
Assuming the Zener diode is in breakdown,
R, 1
Vo =—>=V,=—>(6.8)=>Vv, =-68V
o) R]_ z 1( ) (o)
- 0-(-6.8
j, =0V _ ( ):>i2=6.8mA
R, 1
10-V

, . 10-638
* R 56

Circuit is not in breakdown. Now

~6.8=>i, =—6.2 mAlll
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10-0 . _ 10
R.+R ° 56+1
Vo =—i,R, =—(1.52)(1) = v, =152V
=0

=i, =152 mA

9.80

v

Vo =-V; In [ﬁ} =—(0.026)In {W} = Vo= _O'OZGIn(lo

Forv, =20 mV, |v,|=0.497 V
Forv, =2V, |v|=0617V

|11t,[ %

0617 == e —

0.497

T | |

20 200 2000 4,(mV)

I
|
|
|
|
|
|
|

vl
-10

)
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9.81

N
P |=

Then

v, R
=(16.65)(0.026)In| +. X
VO ( )( ) n(vl RZ]

v, = 0.43291n (V—Z-&J

Vl 2

In(x) =log, (x) =[logy, (x)]-[ log, (10) ]

=2.3026log,, (x)

v, R
Then v, =(1.0)log,, | 2 -—
= @0)og, 4

9.82
Vo =—I,R(e"")=—(10")(10")e" ™
|Vo| _ (10710)ev, 10.026
Forv, =030V, |v,|=1.03x10" V
Forv, =0.60V, |v,|=1.05V

10"+
10 [ .

10

LU

10 4

10~ Ly - l
0.3 0.4 0.5 0.6 1 (V)
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9.83
From Figure 9.40

R R R R R
1 2 N A B

=-10v,, —v,, +20,; + 3V,

R: |R Re |(R
Then ~E —10, Re 1 [1+Re [ Re] o [, ReJRe|_4
Rl RZ RN RA RN RB
Set R, =500kQ, R, =50kQ, R, =500kQ
Now Ry =R|R, =5o||500=45.45 kQ

Then [1+—20 _1d Re |_o ) Ao (14200 [ Re | 1o Re | 5
45.45 RA RA 45.45 RB R,

Let R, =500kQ, then R, :%RA =333.3kQ

Then R, =83.33kQ =R,|R;|R.
We find R,[|R; =500[333.3 =200k Q
So 200|R; =83.33= R; =142.8kQ

9.84
R R R R R R
Vo :(1+R_F]{R_P'Ul1 +R_P'U|2 +R_P'U|3}_R_R'U|4 _R_F'Uls
N A B c 1 2
=3v,, +1.50,, +2v,; —4v,, =6V
R R
Wehave —E—4, “F _§: Set R. —=250kQ, R, =625kQ, R, =41.67kQ

1 2

Now Ry =R|R, =62.541.67 =25k Q

Also (1+R—FJ (l @] 11
Ry 25
Now 1DR, _3, (LR, _15, (LR, _, R 1 R 2
Ra Re Re Re 2 R, 3
Set Ry =250kQ, R, =125kQ, R, =187.5kQ
This yields R, =34.09kQ, We have R, =R,|R;|R¢|Rp
We find R,|Rg|R. =125250187.5=57.69k Q

Then 57.69|R, =34.09= R, =833 kQ

9.85

o

142 T = R2 1143
R, ) 56 R
VoV,

; Set 1. =1,(min)=1.2mA

Then R, = 12 —56

=5.33kQ
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Set I, =0.15mA
V] =V, +V, =5,6+0.7=6.3V

Let 1, =02mA, =R, =%=31.5k§2

Then 1,=0.2+0.15=0.35mA
Vs -V, 10-6.3

So R, =—- ~10.6kQ
3
9.86
Vo -V -5.
R, =2 2 12756 3540
A
v R R
2 =11+-% :£:>—2=1.143
v, R,) 56 R,

Vv
Let 1, =2mA, :R2+R3=I—°:%:6k§2

R

Then 1.143R, +R, =6, =R, =2.8kQ and R, =3.2kQ

Vi -V -
Let 1, =4mA, R, =N o _15-12

IR4

=0.75kQ

9.87
Let R, =R, =R, =20kQ

Let R; =20(1+6) kQ

R
NOW g, =, = : -v*:i(lo)zsv
R; +R, 2

— =(R—T].v . {ﬁi}@o)zm

R; +R, (1+6)+20

101+6) 5(2+05)-10(1+5)

SO v, U, —v, =5 -
Voa =a~s 240 240

T -300

We have ¢ = y(

350-300
300

For §=0.05, |vo,|=(25)0.05)=0.125 Vv

Then 0.05= y( j —y=0.30

. . e R
For the instrumentation amplifier, v, =5= R—4(1+
3

R R
For example, set —==4 and R—Z =45
3 1

j; At T =350, R, =21kQ, = 21=20(1+5)= & =0.05
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9.88

@ o, - R—-AR v _[R=AR) .
R-AR+R+AR 2R

R+ AR N R+ AR .
Vg =|————|V' = Vv
R+AR+R-AR 2R
R-AR R+AR[ . _ AR . _ .of 9
2R 2R R 20x10°
or vo, =—(45x10)AR)
(b) For an instrumentation amplifier,
R 2R
Vo =—| 1+—2 |0y
RS Rl
For AR=200Q2, v, =-5V
-5 =%(1+ 2:2 j(- 45x10)200)

3 1

R 2R
or 55.55 :R—4(1+ 2 J

3 1

Upp =Up —Upg :|:

R,

R
For example, set R—“ =6 and =4.13

3 1
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10.1
0-2Vv, -V~
L =l,=—"
R +R,
2V, + LR, =Vg + 1R,
R -
WV, +—2—(-2V, =V ) =V + IR,

 + R,

1 R
l. =—<2V —(2V_ +V~ 2 -V
¢ R3{ g ( ! )(RI+R2] BE}

a.
V, =V and R, =R,
1 1 -
I :R—S{ZVy—E(2V7+V )—VBE}
-V
or l; =
. 2R,
~(-10)
o =2mA=—_— =R =25k0
3
-2(0.7)—=(~10)
L=1,=2mA =——~2 2R +R,=43kQ=R =R, =2.15kQ
c R +R,
10.2

) 50%107°
(@) (i) 1y =50uA, Vg, =(0.026)1n[10—_16J=0.7004V

-16

-6
(ii) 1o =150 g A, Vg, = (0.026)11{%} =0.7289 V

1.5x107°
(iii) 1o =1.5mA, Vg, = (0.026)1n[TJ =0.7888 V
-6
) () lo= 0 _ 48084 A, Vge, =(0.026)1n M =0.6994 V
1+i 0
50
N 150 : o
(if) 1o =——-=144.23 4 A, Ve, = (0.026)11{%] =0.7279V
I+—

-16

1. ) -3
(iii) 1, = 52 =1.4423mA, Vg, :(0.026)1n[%]20.7878\/
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10.3

|
I, =—ree _ 200 o515 A

Vo, =Vye, = (0.026)In (195 12><10 j 06341V

\Y; 0.634
I, =1, exp| —E52 2x107" ( j I, =78.05uA
o p( V; ] ( Jox 0.026 o H

104
|
|01=£=i=147.54yA
2 2
I+— 1+—
B 120
147.54x10°°
Ve, =V, = (0.026)1n(T] =0.7285V
Vv 0.7285
lo =g, exp| —E2 | =(3x107° ex( j:>| =0.4426 mA
0= s p( v, ( Jexp 0.026 ) °
105
. [
Approximation: 1., = "5 = 200 =190.48 u A
2 2
1+— I+—
40
Vge, =(0.026)In 19048x107 ) _ ) 3345y
5><10 15

| ——4762 A
B2 ﬂ 20 H

Ve, =Vae, — 15, R =0.63345-(0.004762)2) = 0.62393 V

0.62393
I, =(5x107" =1,=132.07 4 A
0 =[5 )exr{ 0.026 j o a

10.6
V-V -V- 3-0.7—-(-3
lper = BEFEOH) 30.2502—()
1 |

R =212K

| .
P e REFZ 0 2520 =l =1, =0.2419 mA

I+— 1+—

s
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10.7
| V' Vg (on)-V"  5-0.7-(-5)
REF R, 183
leer = 0.5082 mA
le, =g, = 'REFZ = 0'5032 =1, =, =0.4958 mA
I+— 1+
yij 80
lg = lg, =(6.198 uA)
10.8
(a P= ( +IREF)( " Vi)
1.8=(0.25+ 1 er N5)= lpee =0.11mA
0.25%10
Ve, =Vee, = (0.026)111(TJ =0.68236V
0.68236
b) 0.11x107° = I, exp| ———— | = I, =4.4x107° A
®) 'si Xp( 0.026 ) .
(o) R, == 0-68236 35 55k0
0.11
10.9
2 2
(@) g = 1+E Ay = I+ (0.5)=0.5083 mA
| :L_(_S)zlggkg
0.5083
Vv
(b) R0=—A=@=200k9
l, 05
AV -
Al = —CE2 = 7207 _6.0315mA
R, 200
Al
o 00315 63,
lo 0.5
10.10
I, =nlg,

|
lper =lc) +1g + g, =1 +

I 0

]

IREF=ICI[1+ + j +J
s
:I—°[1+ jorl e
n 1+n
NE
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10.11

I
Iy :LFz: | eer :(0.20)(1+4—20j:0.210 mA
I+—
5-0.7 43

R=2""=22 2R =205K
lge 021 ———

10.12
2
(a) IREF_[HEJ'IO (1+%j(012) 0.123mA

R, _3707 349610
0.123

%
(b) r0=—A=ﬂ=666.7kQ
lo 0.12
(i) Al —AVEC—2_0'7:>AI =1.95uA
© 666.7 o= M

0

4-0.7
666.7

(ii)Alg = =Al,=495uA

10.13

5—0.7—(—5)
lpgg =l=——=R =93kQ
a. 1

l, =2l = 1, =2 mA

5-0.7

For V¢, (min) =0.7= R, == R, =2.15kQ

10.14
lo =050 mA = 1, =1, =0.25mA

i)

Lo = 0.2625 mA

R, 22507, R =6.86 K
02625 ————

10.15
Similar to Figure P10.14 biased at V" and V ~
2.5-0.7-(-2.5)
0.2

R, = =21.5kQ
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10.16
I, =21 and I, =3I,
(a) I,=1.0mA, I, =1.5mA
(b) I, =0.25mA, I, =0.75 mA
© I, =0.167 mA, I, =0.333 mA
10.17
a.
|
l=1.and !l =1. +1,, =1. +—F
o=l rer = ler Tl = g 1+ 8
IE} = IB] + IBZ \i: 2ICI "Aﬁ
R, £ R
I :I 2ICl + VBE
REF Cl ﬂ(1+ﬂ) (1+ﬂ)R2
Vv 2
lppe ——B8 = | 1+————
1+ B)R, 0[ ﬂ(1+ﬁ)j
o = VoE
I, = (1+ﬂ)R2
2
I+——
( /”(1+ﬂ)J
2 0.7
loee =(0.70)| 1+ +
o =009 e *
leee = 0.700216+ 0.000864
10-2(0.7)
legre =0.7011 MA =——~= = R, =12.27 kQ
b. R
10.18
a.
I
Lo = lep and lpge = leg + lgg = leq +1+ES’B
les = lgg + gy + 1oy +ot gy =(1+N) Iy
(1+N)
s

(1+N) g
ﬁ(l+ﬂ)

Then g =1z +

I REF
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6

ler = (0.5)[1+m} =0.5012 mA

R =2 =207)-(=5)

1

=R, =17.16 kQ
b, 0.5012 -

10.19

ler = |0{1+ﬁ} :(0.15){1+m} =0.15018 mA

R - 3-0.7-0.7—(-3)

1 ~30.63kQ
0.15018
10.20
vt=9v
0, 0,
E
ffef-.'f—'l § R,
I l."“
I
I
L]

Vi =9V

1

For I, =0.8 mA

2
IREF = (08)[1 "rmj = IREF =0.8024 mA

_18-2(0.7)
' 0.8024

= R, =20.69 kQ
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10.21
The analysis is exactly the same as in the text. We have

1

10.22
0.5
(@) Iy =0.5mA, I, :%:0.005556mA

|
lg =—2=0.002778 mA
2

ley = lg + 14, =0.008334 mA

= % =0.0001366 mA

|83
|

2 =025mA
2
lnge = loy + 15 =0.2501366 mA
5-0.6-0.7-(-5)

le) =

R, =34.78kQ
0.2501366
(b) 1, =0.002778 mA
I, =0.005556 mA
Iz, =0.008334 mA
I, = 0.0001366 mA
10.23
(a)
Assuming R, ~ fox
=va-Ya 100400k
I, lg 025
100)(400
O=( )2( ):>RO=20MQ
(b)
A s

T20MQ 20 MQ




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 10
Problem Solutions

10.24

V'V, -V~ 5-07
R 93

loer = 0.4624 mA

v, (1 . .
5 :-Tm( - J _ 0026 ln[o 4624]
Re | Iy 1.5 Iy

0.4624j

¢}

IREF -

I :0.01733ln(

By trial and error
lo =41.7uA
Vge, =0.7—15Rg =0.7—(0.0417)1.5)
Vge, =0.6375V

10.25

200x1
(2) Vg, =(0.026)In M =0.6347V
5%107"

|
IoRe =V, h{ REFJ
IO

1,(0.5)= (0.026)1{?—5}

lo =61.4uA

Vee, =(0.026)1n (

61.4x107°

015

] =0.6040V

-6
(b) Ve, =(0.026)In (200”0 J 0.6347V

VBEI BE2 ORE

Ve, =(0.026)1n

-6
wjzo.swlv
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10.26
100x10°°
a) Vg, =(0.026)Inf ——— | =0.61669 V
(@) Vee, =(0.026) (Sxm_ls J
Veesr =Vie, + lrge Re = 0.61669+(0.1)0.7) = 0.68669 V
0.68669
Iy =(5x107" Jexp| ——— |= 1, =1.477mA
© ( )Xp( 0.026 j ©
(b) Ve, =0.61669V
Ve, = 0.68669 V
lo =(2x107" )exp(—0'68669

= 15, =0.5906 mA
0.026

10.27
(@ lpee :L_(_S): 0.186 mA
50
I
I Re =V, h{ﬁj
IO
1,(3)= (0.026)11{ 0'186J
IO
lo 219.53 4 A
Vier =Veg —1oRe = 0.7—(0.01953)(3): 0.6414V
v
(®) 1o, Yo 80 r, =4.096 MQ
I, 0.01953
U = 0.01953 _ (7512 mAv
0.026
| (12000.026) 56445
0.01953

Re|r,, =3[159.8=2.945kQ
R, = (4.096)[1+(0.7512)(2.945)|=13.16 MQ

10.28
R, =T, [1+ Om2 (RE ||r7[2 )]
From 1027, 1, =19.53 1 A
I, 0.01953
Im =y "7 0026

_ P _ (80J0.026) 106.5kQ

r/Z'Z - =

[ 0.01953

Va3 4006 ma
lo  0.01953

Then R, =(4.096)[1 +(0.7512)(3[106.5)|=13.07MQ

AVy 5
=20 -2 _0382uA
R, 13.07

0

=0.7512mA/V

r02

Al
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10.29
5-0.7-(-5
ReF = A =0.50
1
R =18.6 K

IR. =V, h{';ﬂJ

(0]

0.026 [ 0.50 j
In

70,050 (0.050
(@ Re=120K
Ro =T [1+ Régmz]
Ré = RE "r;rz
75)(0.026
”22L239K ngIM:1.923mA/V
0.050 0.026
- VA 100 ) Mo Rt =1.20[39=1.164 K
l,  0.05
o o =2[1+(1.164)(1.923) | = R, =(6.477) MQ
Al =AY 5 0970 uA
R, 6477
AILAOO% = 0772 100 =1.54%
© °
10.30
Let R, =10k Q
Then |, = %()‘(‘3) ~0.53mA
Ve (1 : .
R, < V1 pof Jrer |_ (0 026)111(053): R, =1.228k0Q
o | Io (0.05) 10.05
10.31

Vo =V, h{'REFj
IS

0.7= (0.026)1n(10

S

-3

]:> I, =2.03x107 A

2x107
At 2 mA, Vg =(0.026)In| ————
a = (0.026) [2.03x10”]
=0.718 V
R =0T g _714k0

1

R, = Vo | Juer :0'026.111( 2 ):RE:1.92kQ
I, L1, ) 0050 \0.0s0) T B
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10.32
(@) |per :L_(_g’)z 0.265mA
20
Ve (1 . :
(b) Rg =—In| & = © 026)111(0 265): Re =253Q
o Ulg (0.1) 0.1
10.33
10-0.7-(~10)
lpgr ® —————2 =0.4825 mA
40
Ve 2V, ln(lRij
IS
10°° 15
0.7 =(0.026)In —|= lg =2.03x10™"° A
S
Now
0.4825x107°
Ve =(0.026)In| —————— | =0.681 V
o= =(0:026) [ 2.03x107" j
Ve, = 0.681 V
So
10-0.681—(-10)
40
I,R: =V, ln[lRi]
IO
1,(12) = (0.026)ln[0'483J
0
By trial and error.
=1,=87 uA
Vges =Veg, — 1,Re =0.681—(0.0087)(12) = Ve, = 0.5766 V
10.34

VBEI + IREF REI :VBEZ + IOREZ
VBEI _VBEZ = IoREz - IREF REI

For matched transistors

Voe, =V, 1n[ oce j
IS

Voe, =V, ln[I—OJ
IS

I
Then V; ln[ F;EF j =1,Rg, — lper Re,

0

Output resistance looking into the collector of Q, is increased.
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10.35
5x107°
(a) Vgg, =V; In| 1= (0.026)1In| % =0.70038 V
|Sl 10”
V= lrer Ry +Vee + lrege R +V -
Then R = 3-0.70038-(0.5)0.5)-(-3) _ 0.1KO
0.5
0.2x107°
Veey = (0.026)1n(10—_15J =0.67656 V
VBEI + IREF REI :VBEZ + IORE2
Then R, = 0.70038 +(0.5)(0.5)—0.67656 _ 137k
0.2
(b) R, =10.1kQ
0.2x10"
=(0.026)In| =—=——— | =0.65854 V
Vae, = 0026 3210
R, - 0.70038+(0.50.5)—-0.65854 _ L46 KO
0.2
10.36
Assume all transistors are matched.
a.
NVge, =Vee; +14Re
BE1 —V ln( IREF ]
IS
_\. 1| Jo
BE3 IS
2V, In eee -V, In Lol I,Re
IS IS
leee | o (1
VilIn| == | —In| 2 ||=1,R:
IS IS
| *rer
V; In =1,Re
IOIS
b.

0.7
V. =0.7Vatl mA =107 =1, ex
B s p(0.026

Vge at 0.1 mA =V, =(0.026)1n(

0.1x107
2.03x107"

) orlg =2.03x10™"° A

] =0.640 V

0.640

Since |, = I, then Vg = )R = R; :T or

R, = 6.4 kQ




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 10
Problem Solutions

10.37
5-0.7-(=5)
10

|
l02Res, =V5 ln( IREF ]

@ lpr = =0.93mA

02

1o, (1) = (0.026)ln[ (:'93J

02

lo, =68 1A

10s(2)= (0.026)11{(:'93J

03

los =40.7 A

| . :
(b) Rg, L W T (0.026) h{o 93):» Re, =4.99kQ
lo, (1o, ) (0.02) 10.02

Rey = (0.026) 11{0'—93) = Rg, =0.797kQ
(0.08) 10.08

10.38
(@)
Veer =Vees

| :V+—2VBE1—V_

REF R +R,
Now
NVge, + e Ry =Vees + 16R:
or
loRe =2Vge, —Vies + lree Ry
We have

| |
Ve, =V; ln[ TEF J and Vgg, =V; In [I_OJ

S S
(b)
Let

R =R, and lo = lrer = Vie, =Vaes =Vee
Then
Vie = IoRe = lgee R, = IO(RE _Rz)
SO
V+—V7—2|0(RE—R2)
2R,

VoV© R
S S T A
2R, R,

Then

IREF :Io
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(©)
Want |, =0.5 mA

So R, - R. =10 kQ

2(0.5)
5-2(0.7)=(-5
R, =2 20=3) 7540
0.5
Then R, =R, =8.6 kQ
10.39
a.
20-0.7-0.7
lper =——————=1.55mA
REF 12
l,, =2l =3.1mA
Iy = lgee =1.55 mA
los =3lger =4.65 mA
b.

Veer = =loRe _(_10) = —(3.1)(2)+10 =V, =38V
=V, =535V

Ve, =10-1,,Re, =10—(1.55)(3
Vees =10—1,R., =10—(4.65)(1

~— —

=V, =535V

10.40
@ I = 10_0'7_0'7_(_10):0.775mA
24
lo; =2l ger =1.55mA
loy = lper =0.775 mA
los =3l per =2.325mA
0-0.7—(~10)
b) Ry =—————2=6kQ
( ) Cl1 155
. _10-07 _ o1
0.775
- 10-0.7 _ 16
2.325
10.41

10-0.7-0.7—(~10)
ley = e, = 5 =1.86 mA

ley = I, =1.86 mA

s (0.5)= 0.0261n(1|'86j

Cs

By Trial and error.
=l =0136mA=1.=1g,
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216, (0.8) Ve, =10 Vg, =10-2(1.86)(0.8)
Ve, =7.02V

5 =Vege +Vegs + s (0.5) =10

Vees = 5+10-0.7—(0.136)(0.5)

Vs =142V

5=Vee, +1¢, (0.8)

Ve, =5-(0.136)(0.8)

Ve, =489V

10.42
10-0.7-0.7—(~10)
ICl:ICZZ 10 :}IC]ZIC2:1.86mA

oy = los =1.86 mA

| 1.86
lesRe, =V; 1n[|ﬁ] = 1¢,(0.3)= 0.026ln( | j

C3 C3

By trial and error l; =0.195mA

| .
I..Re, =V, m(lﬁj =10, (0.5)= 0.0261n(1| 86}

Co6 Co6

By trial and error lce =0.136 mA

10.43
|- 10-0.7 -1
6343
Vee (Qg)=0.7 V as assumed

Veer = lrer  Rer :(1)(3) =3V

V,
Vg, =3 V=R, =& :%: R, =3 kQ
01

|
Vees

Ve, =3 V=R, = :%:REZ:I.SkQ

|02

V
Vee; =3 V=R, = IRE3 :%: Rg, =0.75 kQ

03
l,, =1 mA
l,, =2 mA
l,s =4 mA
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10.44
2.5-V, 0.08 >
lper = ———08 =| 22 1(6) (Vg —0.5
) QLR
2.5-Vgs =3.6(Ve —Vgs +0.25)
3.6V —2.6Vgs —1.6=0
v _2:6£16.76+23.04
e 2(3.6)
Vgs =1.12 V(1.1193)
cer :2'5%5'“93: leer =92.0 1A (92.05)
I, =92.0 uA
Vs, (sat) =Vgg —Vyy =1.1193-0.5
Vs, (sat) =0.619 V
10.45
(a)
80 \(W
loer =50 = (7][T1 (Vgs —0.5)’
2.0-V,
IREF = 0050 = TGS

Design such that Vps, (sat) =0.25 =V —0.5

Vg =0.75V
2-0.75

0.050 = =R=25K

So

50 = (870)(\’%1 (0.75-05) = (V%]l =20

)
L IZIREF:> 20 :ﬂj(v_vj =40
L 2

1 1
) ° Al (0.015)(0.1):> °

Aly :ﬂ:6—é6:>1.5 HA

RO
Ao s 100% :(ﬁjxm% =1.5%
© o 100
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10.46
80 2
| =250 [?J(s)(ves _y)
Vg =244V
lo = 250uA at Vpg, =Vgg =244 V
1 1
Ry=—=————=200K
@ Al (0.02)(0.25)
Al _AV 37244 o uA
R, 200
i l, =252.8 uA
Al _AV _45-244 =103 uA
R, 200
(i) l, =260.3 uA
AV 6-2.44
AIO=—=6 =17.8 uA
R, 200
(i) l, =267.8 uA
4.5
Iy 27(250) =375 uA at Vy, =2.44 V
) Ao (0.02)(0.375)
Al _AV 3724 400 uA
R, 1333
i l, =379.2 uA
Al AV _45-244 oo o
R, 1333
(i) l, =390.5 uA
Al =AYV 67244 60 A
R, 1333
(i) l, =401.7 uA
10.47

(@) lree = Knl(VGSI Vi )2
02=02(Vg —0.4) =Vg, =Vg, =14V
lo =Ky, (Vesz _VTN2)2
Now 1y =(02-0.01)1.4-0.4)° =0.19 mA

lo =(0.2+0.01)1.4-0.4) =0.21mA
So 0.19<1,<0.21mA
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(b) 1y =(0.2)1.4-(0.4-0.02)] =0.2081 mA

4
lo =(0.2)1.4-(0.4+0.02)] =0.1921mA
So 0.1921< 1, <0.2081mA

10.48
(@) lree =K, (VGSI —Vay )2
02=02(Vgg —0.5) =V, =15 V
Vasi =Vesa +10Rs =Vas, + K Rs (VGSZ Vi )2
1.5 =Veq, + (02100, —Vgsr +0.25)
or V&, Ve, —1=0=Vg, =1.0V
Vesi Vs _1.5-1.0
R, 10
(b) 1y =0.5lge =0.1mA
0.1=0.2(Vgg, —0.5)" =V, =1.207V
Vs —Vas,  1.5-1.207

Io lo =50uA

Rg = = =2.93kQ
Iy 0.1
10.49
F | i !
Sigi:ll Voo Q* § I
ground B
V4 11 Cﬁ) v,
Ix = Vx _VA + nggsz
) "
Ix = r_:+ gmvgsl
(2) Vgsl :Vx’ Vgsz = _VA
So
Ix :\A_VA [idl_ gmj
(1) I f

Ix :V_A+gmvx :>VA :ro[lx_gmvx]
2 fo
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Then

V 1
| =2%X— | —aq .V —_
X ro ro( X gm x)(ro+gm]

Ix:V_X_r|:I +gm x_g_mv gl’?le:|
f

0

IXZV__I gmr0|x+g +gr2nrovx

[o]

L [2+9.5]=V, P+gm +g%ro}
r

[o]

g, >>
Since L
L[2+9,5]=V(9,)(1+9.5,)

Then Yx — R, __ 24006
I, gn(1+9,1,)

Ins

R =
Usually, Onfo >> 2, so that G

10.50
Vasa =Vos: (Sat)+VTN =1+05=15V

5] v
0.15= (Oggjm/l(ls 0.5) (WTJZ—MS
05[22 5205y ( ) -ras

Vegs =V " =V )-Veo, =1.8—(-1.8)-15=2.1V

lr =0.5= 28 W 1 o5 —4.88
2 L,
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1051
(a)

I, = (%j(zo)(vw 07) = (%)(3)(%53 07y

Vasi +Vass =35

20
\/;(VGSI ~0.7)=5-Vgs, —0.7

3.582V, =6.107 = Vg, =Ves, =1.705 V
I, = (?)(12)(1.705—0.7)2 =363.6 uA at Vg, =1.705 V
loer =(%j(20)(1.705—0.7)2 =606 uA
R, Lo 1 g4k
Ay (0.015)(0.3636)
_ AV 1.5-1.705
R, 183.4
_ AV _3-1.705
R, 1834
I, =370.7 uA

Al = —1.12 uA

Al = 7.06 uA

(©)

10.52
50 50

A e O )
Vg, +Vegs =10 = Vg, =10V,

\ES(VSGI ~0.5) =10V, —0.5

3.236Vgq, =10.618 = Vg, =3.28 V

loge = (?j(ls)(s.zg—o.s)2 = e =2.90 MA

lo = loee =2.90 mA
Vg, (sat) =V, +Vip =3.28—0.5 =V, (sat) = 2.78 V
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10.53
Vgp,(sat) =12 =V, —0.35=V,, =1.55 V

lo =100 = (SzOJ(WTl (1.55-035) = (WTJZ =278

REF_(A) _ 200 (A)ljvl =556
I, (w/) 278 (Ll '

Vgg, +Vegs =4 =V, =245V

lgr =200 = (SZOJ(Ll(Ms 0.35)° (Wlel.sl

10.54
e = (820J(25)(Vsel 1.2)" (820)(4)(v563—1.2)2

10 -V,
2

Then i{ZTE(VSGI -1.2) :%—1.2

Wy =6.8= Vg, =227V

Veoi + 2Vs53 =10 = Vg, =

l e :(%](25)(2.267—1.2)2 = loge =l =1.14 mA

Vo, (sat) =Vig, +Vyp = 2.27-1.2 = Vg, (sat) =1.07 V

10.55
Vser =Vp, (Sat)—VTP =1+05=15V

S L,
80 = (620)( 3 )2(1 5-0.5) = (WTL =2.67
leer =250 = (620J(Ll(15 0.5) = (WTJ, =8.33

Vses =Vses
Then NV, =V*' -V~ -V, =3-(-3)-1.5=45V
S0 Vg, =225V

250 = (62())(\’%154(2.25—0.5)2 = (WTl {WTL =272
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10.56

_ k;J W 2 _ ﬁ ﬂ 2
(@) lger = £TJ[TJ1(VSGI +VTP) —[ B J[ L j}(vsm +VTP)

Vsez =3 _VSGI

V25V, —0.4)=+/5(3-Vys, —0.4)

3236V, =3.4944 =V, =1.08V and Vg, =192V
ler = (6—20)(25)(1 08-0.4) = I =0.347mA

lg = (?j(w)ﬁ.os ~0.4) = 1, =0.208 mA
(b) Vep,(sat)=Vgg, +Vip =1.08-0.4=0.68 V
~3-0.68
0.208

=11.15kQ

10.57
Vgp, (5at)=0.35 =V, +Vip =Veg, 0.4 =V, =0.75V

e =220 = 0w (0.75-0.4) = W _s09
2 L), L),

lo =80 = (?](WTJZ (0.75-0.4) = (WTJQ =218

Vggs =3-0.75=225V

220= (6—20)(\’\%1 (225-04) = (WTl =2.14

10.58
(@) lger =100=100(Vg, —0.5)" = Vg, =1.5V
For Vp, = =2V, Voo, +Vps, =3 V=V, +Vpg,
Then 1, =100 u A
(b) R, =ry +r02(1+gmr04)
O = 2K, 1o =24(0.1)0.1) = 0.2 mA/V
1 1
for = Mot = 1 = o02)o) 0K
R, =500+ 500[1 +(0.2)(500)] = R, =51MQ
AVp,
R,

Al = :%:0.07843 HA

0

0.07843

Alo ><100%=[

o

jx 100% = 0.07843%
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10.59

Vgs4 =—Iy1y

Vss :(Ix _nggs4)ro4 +1xly
(|x+gm|xroz)ro4+| T2

Vsezlx[oz (1+gm 02 04:|_ Vgs6

V, -V, V 1
=g, +—“=—X—v36[gm+—]

06 06 06

Vv
Iy :r_x_ ( j[roz 1+gm 02 :'

06

\Y,
Ix{l"'[gm j[roz 1+gm 02 :I}:r_x
06

Vy
—=R, _r06+(1+gm 06 [roz 1+gm 02) 04]

X
ly = lper =02 mA =0.2(Vgg —1)°
Ve =2V
O = 2K, (Vgs —Viy ) =2(0.2)(2-1)= 0.4 mA/V
1 1

== =250 kQ
for = foe = oo =77 (0.02)(0.2)

R, =250+[1+(0.4)(250) |x{250+[1+(0.4)(250) ] (250)}
R, =2575750 kQ = R, =2.58x10°Q

10.60

(S ()]

(12 oWess -0y =[5 0N, -0

We find Vg, = 0.91287V g, +0.03485

(5 (S
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\/E(Vem _0-4): \/g(vesz _0-4)
Now Vg, +Vgs3 +Vgs =6

0.91287V g, +0.03485 +Vg; +Veg, =6
Then Vg, =3.1184—-0.52277V,
And 2(Vgg, —0.4)=3.1184-0.52277V,, —0.4
So Vg, =1.395V

Vs =2.389 V

Vegy =2216V

| er :(%}(20)(1.395—0.4)2 =0.99 mA

lo = (%}(20)(1.395 -0.4)’ =0.99 mA

Vs, (sat)=1.395-0.4=0.995V

10.61

Vs, (sat)=0.5 V=Vg, —Viy =Ves, —0.4 =Vgg, =09V

e

50 = El%j(WTl (09-04) = (WTJZ =4
| e =500 = (%j(vﬂ (09-04) = [WTJI =40

Vass =Vsceq

6 =Vgs +Vess +Veaq = 0.9+ Vg = Vg =Vigs =2.55V

500 = (%j{WTl(z.ss -04) = (WTL =2.16

500 = (%](WTL (2.55-04) = (WTl =3.61

10.62
a.  As a first approximation

lee =80=80(Vgg, —1)" = Vg, =2V
Then Vp, =2(2)=4V
The second approximation
80 =80(Veg, —1)° [1+(0.02)(4)]
80

2
Or < =(Vesi =1)" = Vo5, =1962
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Then
Io = Kn (VGSI _VTN )2 (1+ﬂnves1)
=80(1.962—1)"[1+(0.02)(1.962)
Or 1, =76.94 uA
lg=77.09 uA ¢ Ny ==1V 1 1,=77.14 uA ¢ Vo, =3 V.

b.  From a PSpice analysis, or

The change is Al, = 0.05 A or 0.065%.

10.63
a.  For a first approximation,

lagr =80=80(Vgs, —1)" = Vgg, =2 V
As a second approximation

leer =80 =80(Vys, —1)"[1+(0.02)(2)]

Or Vg, =1.98 V=V,

Io = Kn (VGSZ _VTN )2 (1+/1vesz)

To a very good approximation lo =80 uA
b.  From a PSpice analysis, l, =80.00 uA for Vos =-1V and the output resistance is
R, =76.9 MQ.
Then
ForV, =43V

1 4
Al, =—-V,, =——=0.052 uA
R 769

0

I, =80.05 A
10.64
Viss (Sat) =Vgg; Vi 01 Vgg; =V, (sat) +Vy, =0.2+0.8=1.0
k! (W ,
ID = ?(Tj(vew _VTN )
50 = 48[ﬂj(0.2)2 = (ﬂj =26
L L),
(a) —
Vess —Vin = 2(\/033 Vi )
o Vo= 0.8+2(0.2) = Vges =12V

© Vp, (min) =2V (sat) =2(0.2) =V, (min) = 0.4 V
c )
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10.65
(@)
ke (W) _ _ >
Knl :E(le = 50(5) =250 IUA/V
Ro L | (W/L),
B \]KnllDl (W/L)z
1 5
=—=|1-,— [=(8.944)(0.6838
ﬂ/(o.zs)(o.os)[ \g] (B.994) )
R=6.12 kQ
(b)

V' =V~ =V, (sat)+ Vg,
VSD3 (Sat) :Vssa +VTP

Iy, =50 =20(5)(Vsgs —0.5)" = Vg, =1.207 V
Then Vg, (sat) =1.21-0.5 = 0.707 V.

Also g, = 50 = 50(5)(Vgs, —0.5)" = Vg, =0.9472 V
Then (v+ —v-)m =0.71+0.947 =1.66 V
(c)
W

I, :25:50(-) (0.947-0.5)’ :(V—Vj =25
L), )

lo, =75 = 20(—) (1207-0.5)" = (WTJ =75
6 6

10.66

5
Vass =Vass =Vass = Vass :gv

2
e =012 (25 W) (3-07] 5[] =2
2 ALJ\3 L Jsas
2
g, =02=[ 298 WALS o7 o [W) Z535
2 AL )\3 L),
2
1o, =03 = 2B WY (3 _o7) =[W) _g03
2 L 2 3 L 2

10.67
P:(IREF +lop 1oy + Ios)(v+ _Vi)
5=(lngr +0.140.2+0.4)1.8—(~1.8)]= I per =0.689 mA
Vs, (5at) = 0.4 =V, 0.4 = Vg, =0.8 V=V

k! YW
lrer = (TJ(TJI (V<351 Vi )2



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 10
Problem Solutions

lo, =0.1= (Oz'lj(wfl(o.fs-o 47 = (WTJZ =12.5
lg, =02= [EJ[WTl(o.s -04) = (WT] =25

10.68
24 =l gee R+Vgg +Vgg

~Vip =5.7735[1 e +0.8

I REF

q]

S0 24 =1 (100)+5.7735[ I e +0.8+4.4721 /1 e +0.8
Let

+Vpy =4472,[1 o +0.8

leer =X

Then 100x> +10.2456x—22.4=0=> X =0.4248 = X = | o, =0.1805 mA
I, =(0.2)l ger =0.0361mA

(1.25)1 e =0.2256 mA

(0.8)1 ger = 0.1444 mA

(4)1 e =0.722mA

I,

I

l,

10.69
10 = 1 e R+Vgg +Vg

I REF

W+08:57735 IREF +0.8
==
2

Vos = [ R +08= 4472l g +0.8
( - j@)

8.4=1001 per +10.2456/1 er

Let \/lzer =X

Then 100X> +10.2456X—8.4=0=>X=0.2431=> X> = l g =59.09 1 A

I, =(02)l e =11.82 A, 1, =(1.25)l e =73.87 £ A
I, = (0.8)l e =4727 u A, 1, =(4)lqer =236.4 1A
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10.70
w
Iy, = EW//L;Z Neer :%(zoo):» I, =120 A
L/
w
lo = ij-;‘* o, =(?)(120):> I =267 uA
L/s
lo =266.7 = (?)(20)(@34 ~0.6)°
Vig, =1.416 V

Vo, (sat) = 1.416 - 0.6 = Vg, (sat) = 0.816 V

10.71

k, YW
For M@ lee :(%)(Tj Vs =V )*
i

100 :(lgoj@)(vGSI ~0.4)" = Vg, =Vgs, =1.107V

Io, {%J(WTJ Vesy Vo ) :(1(;()j(2.5)(1.107—().4)2 =1y, =62.5uA
2

k! Yw
Also 1, = [%](Tl(\/sm +Vip )2
60 )
625=| = (6)Vyss —0.4)° = Vog; =Vog, =0.9893 V

(%j(4)(0.9893 —0.4) =41.67uA

lo

10.72
40 \(W 2
I, :50:[ : j(fj (Vagy —0.6)
1.75-V.
lper = R 2L =50
Vgp,(sat) =0.35=V, —0.6 >V, =095V
_ 1.75-0.95 S R=16K
0.05

50= (%}[Wﬂ (0.95-0.6)" = [WTl =204
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lo: _ﬁ_(\%)z :{W] =49

lee 50 (204) L

o 2 By,

ler 50 (204) \ L

L
Vipss (sat) = 0.35 =V —0.4 = Vo = 0.75 V

lo, = (lgoj(l_l(ms 0.4)° —150:(\%);24.5

l,, 150 245

'ﬂ_'ﬂzgzm:{ﬂj o
L,

IOZ

10.73
Vs =0, I =l (1+/1VDS)
Vp=-5V, Vg =5
=(2)[1+(0.05)(5)]=ip =2.5 mA

For

a.
Vo =0, Vg =10
b o =(2)[1+(0.05)(10)] =iy =3 mA
Vo =5V, V=15V
o o =(2)[1+(005) (15)]=i, =3.5mA
10.74
2
Io - IDSS [I_Vi:j
V 2
2:4[1—£
P
Vs _1- |2 20293
. 4
So Vg =(0.293)(-4)=-1.17 V
Then |, :VHS and Vg = -V
roVes M) g gssek0
L 2
Need Vps > Vg (sat) = Vgg =V,
=-1.17-(-4)
Vps 22.83V

S0 Vp > Vg (sat) +Vs =2.83+1.17 =V, >4V
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10.75
L
(@) A =—1 - 0026 3846, e

Ve Ve 120 80

v v
b) lg =g | exp| == || 1+—-
(®) e 51|: p(VT J:l[ V.,
v
200x107 = (5x107 | exp| —- [1+Ej
vy 120

200x10~°
V, =(0.026)1
or Vi =( )n{(5x1016)(1+1.25/120)

\ )
() 200x107 = (107 ) exp| ~£= (1+£]
v, 80

200x10°°
Veg = (0.026)11{ (107 )1 +1.25/30)

Ve =0.6762=V" -V, =V, =1.824V

co1 b1 1 000833+0.0125 "

} =0.6943V

} =0.6762V

10.76
(a) Au:_gml(rolnroz)
et oL _osoka, r,-—t -1 __js67k0
T Al (0.02)02) T Al (0.03)02)
~100=—g,, (250[166.7)= g,,, =1 mANV
k! W 0.1\ W w
=1=2 )= = 1 =2 ]| =— [ — | (02)=|—]| =25
. J(zj(Lj o J(zj(Ll( ):[le
K
(®) log = [7 jv ~Voy ) (1+ 2V os))

I
( ](25)(v —0.5)[1+(0.02)1.25)]=V, =0.895V

(© Ky=Ky,= (kﬂ(wfj {kTJ(WTj

Then (WTJZ = (m](zs)z 41.67

60

k! YW
Ioq = (_p](Tj (Vsez +Vip )2 (1 +4,Vepy )
2

2
0.06 s
02= ( 2 j(41 67)(VSGZ 5) [1+(0.03)(1.25)]:VSG2 =0.8927V

Vi, =0.8927=V* —Vg =V, =1.607 V
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10.77
V,
lper =1, exp( \zslj
-3

or Vg, =V, In| 2222 | = (0,026)1n| 21| v~ 0.5568
. I, 5x1073 ) et

R, =w:> R, = 4.44 kQ
b. -

c.  From Equations (10.79) and (10.80) and letting Vego =Vee, =25V

1+—

_ V 2.5 _ 80
Pexp| L |1+ =107 | —22—
1 eXp[VTJ[ +120} |, 0-5568

80
1.0208333x10"2 exp| 21 :(103)(Mj
Ve 1.00696
Then V, =0.0261n(1.003222x10" )
SoV, =0.5389 V
A = —(1/V;)
(1/Va ) +(1/V,)
b
A = 0026 _ 3846
11 0.00833+0.0125
120 80
A =-1846
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10.78
| : -
Vg =V, 1n( REF } = (0.026)11{%} =V, =0.5208
. I, 10 S
R =%: R, =8.96 kQ

b.
c.  Modify Egs. 10.79 and 10.80 to apply to pnp and npn, and set the two equation equal
to each other.

V V V,
leo = lso exp[ £80 j[l—i— ECO J =lg, =1, exp[vﬁj[l—i——cmj
V; Ve & Van
5x107" exp Vero 1422 =10"exp Vee 142
V. 80 V; 120

T

5.15625x107" exp [V\E/ﬂ] =1.020833x10"% exp [\\//ﬁ}

T T

exp (VEBO J
V. _
— T 2 -1.9798 =exp (M]

exp(VBEJ
Vi
Vego =Vee +V; In(1.9798) = 0.5208+(0.026)1n (1.9798)
Viego =0.5386 =V, =5-0.5386 =V, =4.461V

T

_(I/VT)
A/:
(1/Va ) +(1/Vsp)
R
_0.026 _ -38.46
A= 0.00833
L. 1o +0.0125
120 80
=—1846
4 A=-1846
10.79

2
100 = (%j(WTJO (12-0.5)[1+(0.02)1.5)]= (WTJ =3.96

[0}

For M,,M,: For I =15 =V, =V =V =15V
60 (W > W W
100=| — | —| (1.5-0.5)"|1+(0.02)1.5 — | =|—| =324
(2)(Ll( Mook )]S(Ll (Lj

For M,: Vg, =3-1.5=1.5V =V, D(WT) =324
3
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) A, =—Guo(Fo]rz)

Uno = ZJ(%J(WTJO log = 2\/(%}(3.96)(0.1) =0.2814mA/V

1 1
—r, = = =500k Q
foo =To2 =7 oo (0.02)0.1)

A, =—(0.2814)500[500) = ~70.35

10.80
(@) lger = Kp(VSG +Vip )2 (1+ﬂ'pVSD1)
0.080 = 0.1(Veg —0.5)*[1+(0.02 V. ]
Approximation, for A =0=V,, =1.394V
(b) I =1,
K (VI —Vin )2 (1+/1nVDso): K, (VSG +Vip )2 (1+/1pVSD2)
Ky =K., Voso =Vspy» 4, =4,
So V, =139V
© lo=lae =80uA
A, = =G (roo "roz)

Umo = 24/K, 1o =24/(0.1)(0.08) = 0.1789 mA/V
1 1
. =625kQ
foo = Foz Ay (0.02)0.08)

A, =—(0.1789)625[625)=-55.9

10.81
3-0.6
@ e =leo === = lco =51.06 4 A
\
rOO :—AN = 120 = rOO =2.35 MQ
leo  0.05106
ro2zvi: 90 :>r02=1.763MQ
leo  0.05106
|
g, =0 005106 o0) Ay
. 0.026

A, =g, (o[ )= ~(1.964)2350[1763) = ~1978
(6) A, =0y (1o [Re )= ~(1.964)(2350]1 763(300) = ~454
(© A, =—(1.964)2350]1763]150)= 256
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10.82
5-0.6
lpee =———=0.1257 mA
REF 35

Then
leg =21ger =0.2514 mA

From Eq. 10.96
-0.2514
0.026 _ -9.6692

A= -
0.2514 + 0.2514 -9—L 0.002095+0.OO31425+L
120 80 R, R

L
-9.6692

As T
0.0052375 +R—

L

R = A =—1846
R =250K, A =-1047

(a)
(b)

10.83

(a) To a good approximation, output resistance is the same as the widlar current source.

Ry =Ty |:1+gm2(r7r2 Il Re )]
(b) A/ =_gm0(r0 ” RL || RO)

10.84
Output resistance of Wilson source
RO ~ ﬁr03
2
Then
A =-0,(LIR)
Iy = Ver 80 _ 400 kQ
I REF
\Y
r, =N :@—6001(!2
I REF
| .
g, == 02 7600 mav
V;  0.026

A = —7.69{600

e
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10.85
(a) los = lpg = lper =200 A
1 1
ForM,; r,= = =250 K
T Ly, (0.02)(0.2)
0.04
6., = 2JKolg, =2 [Tj(ss)(o.z)
0., =0.748 mA/V
ForMg; r, = ! = ! =333K
Aolp,  (0.015)(0.2)
Omo =2 [%)(20)(0.2) = 0, = 0.80 mA/V
A =—0no (K2 1 To ) =—(0.80)(250333)
(b) A =-1143
Want A, =-57.15=-0.80(142.8||R,)
142.8]| R, =71.375 :ﬂ: R =143K
142.8+R
(©) t
10.86
Assume M;, M, matched
leer = 1oy = I, =200 uA
r, = L. ! =250 K
A1, (0.02)(0.2)
L ! =333K

o S, (0.015)(02)

A/ =—Omo (roz ”roo)
~100 = —g,, (250[333) = g,, =0.70 mA/V

Imo = 2\{?)(\/\%)0 (02)=0.70
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10.87

O = 2\/(%](\/\%1 Iy = 2\/(%)(20)(0.1) =0.6325mA/V

1 1
G Alg  (0.02)0.1)

Ros =To2 + 105 (1"" gmzroz)

U =2 (?j(so)(o. 1) = 0.9798 mA/V

1
=1, = ——— =500k Q
for = os (0.02)0.1)

R,, = 500+500[1+(0.9798)500)] = 245,949 k Q
A, =g (1 |Rey )= ~(0.6325)500[245,949) = ~316

10.88

2
_gm
A= 1

+
r03r04 r,r

ol "02

g, =2 [%j(zs)(o.os) =0.6325mA/V

1 1

- - =312.5kQ

fo Ay (0.04)0.08)

2
A —(0.6325) ___ =040 o5y
v 1 1 2(0.00001024 )
+
(312.5)  (312.5)

10.89

V, —(-V
glei :VM +\i+ gsz;rz +o—”2)
(1) rzrz ol r-02
Vo Vo= (-Va)

+0mV,, =0
RO3 I’02

2)



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 10
Problem Solutions

V,
ImVi =Voa [L"'i"' G2 +ij+_0
I

(1) 72 ol ) I
V, L+L +V L+ 0., |=0
o 72 m2
(2) RO3 roz r02
g, >>—
rO
V,
ImVi :Vn2[1+ﬂj -
(1) r/r2 r02

Ros\ B
Vi B
== ~Om R03 —_—
Vi 1+
From Equation (10.20) Ros = Bros

So

_ 2
A =Yo_ TOmlal o 0B g 65 pmany
v, 148 0.026

r, = 80 _ 320K
0.25

(9.615)(320)(120)°
121

=-366,165

10.90 Design Problem
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10.91

Let (W/ L)L2 =50 and (W/L)= 25 for all other transistors

Let lor =801 A

1 1
- - =312.5kQ
CIT o (0.04)0.08)

g, =2 (0'—36J(50)(0.08) =0.6928 mA/V

2 _ 2
A - 9 (0.6928)

—-0.480

T 1
+

+
Fosfos  Talox  (312.5)°  (312.5)
A, =-23,438

" 2(0.00001024)
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Chapter 11

111
(a) CMRR, =0 = v, = Ay, =(250)1.5sin wt) (mV)
v, =0.375sinwt (V)

(b) CMRR,, =80 dB = CMRR =10* =222 = A_ =0.025

cm

v, =(250)0.0015sin wt)+(0.025)3 sin wt)
v, =0.45sin wt (V)

(©) CMRR, =50 dB = CMRR =3162=2C 5 A_ —0.791

cm

v, =(250)0.0015sin wt)+(0.791)3sin wt)
v, =2.75sinwt (V)

11.2
() (i) vy =-g,Ro, =—(1)5)0.7+0.1sin wt)
Uy =—3.5-0.5sinwt (V)
(i) vy, = -9, R0, =—(1)5)0.7-0.1sin wt)
Uy =—3.5+0.5sinwt (V)
(iil) Ly =0y, =—1.0sinwt (V)
(b) Alv, —v,)=(0.7+0.1sin wt)—(0.7 - 0.1sin wt) = 0.2 sin et
—0.5

(©) (1) Ay =W=—2-5
.. +0.5
(11) Ad2 :W=+2.5
(iii) A i S
)

11.3
(a) Neglect dc base currents
le =1l +1e, =0.2mA=_0'7—_(_3): Re =11.5kQ
E
3-1.2

v, =12V, =R, === =18kQ
0.1

(¢) For Vg =0=>V, =07V
3=1.(18)+0.7+21.(11.5)-3
So I, =0.1293mA
oy = Ve, =3—(0.1293)18)=0.673V
Vgn. =—2.3V
So —2.3<v,, <0.673V

cm —
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11.4

a.

10-2(0.7)
==y = =101mA

ICz: 12 = 10; DICZ =~1.01 mA

Vs oo)on)

100/ 1.01
lo,=| — || — |= l., 20.50 mA
=1 )5 )= s

Ve, =(0-0.7)—(-=5) = Ve, =43V
Vee, =[5-(0.5)(2)]-(-0.7) = Vee, =47 V

For Vg, =25 V=V, =—0.7+25=18V

S —16mA

IC4

148 o (100 _
[ e = o 206) = 1o, =223 ma

= R, =2.66 kQ
3.23 -

1

115
a.  Neglecting base currents
I, =1, =400 uA =R, =%: R =73.25kQ
Vg, =10 V=2V, =93V
15-93
© 02

R = R, =28.5kQ

. _(100)(0026) _ .
0.2

k3

50
rO(Q3)=a=125 kQ
We have
PR (100)(28.5)

AN oR) 2(B410) =S

_ PR 1
r,+Rg 1+2r0(1+/})
r +Ry

A =

~ (100)(28.5) 1
~ o Bs10 | 2(125)(101)
13+10

CM RR,, =20log,, (%} = CM RR,, =54.8 dB

= A, =-0.113
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Ry =2(r, +RB):2(13+10)3M
1
Ren =2 [ +Re +2(1+ 8)1, ]

icm

= %[13+10+2(101)(125)] = Ry =12.6 MO

11.6
| (0.5)
=5-2(R.)=5-—2(8
@ Vou (max) =Vee =0 o Ve (max) > (Re) 5 (3)
Vew (max) =3V
(b)
\Y | v . .
Al=g —L=| =2 _d:[ﬁ (M =0.08654 mA
2 V; 2 0.026 2
AV, = Al -R. =(0.08654)(8) = 0.692 V
(c)
Al = (ﬁ) (MJ =0.04808 mA
0.026 2
AV, = (0.04808)(8) = 0.385 V
11.7
P=(1,+1c,) (V7 -V)
L =lg, 5012=21,(6)=1,=I., =0.1 mA
3-0.7—-(-3
R =273 g 53k
0.1 E—
Forvy, =+IV =V, =V, =1V =R, :%3 R. =40 kQ

One-sided output
A =lg R. where g =£:1 923 mA/V
2 m e " 0026
Then

A= %(1.923)(40) = A, =385

11.8

0=07+25(2)+1¢ (85)-5
5-07

le =>—= =1, =0.050 mA
85+1  F———

B (1) _(100)(0.050
leo=le=| T2 15 1= 1o \ T2

+p )\ 2) o)L 2
Or g, = g, = 0.0248 mA

Veer =Vees = [5_ le) (100)]_(_0'7)
So Vg, =V, =322V
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b, Ven(max) forVeg =0 and Vp =51, (100)=2.52 V
So V,, (max) =252V

. =V in)=-43V
Von (min) for Q and Q, at the edge of cutoff Ven (min) = =43 V

(c) Differential-mode half circuits

—\/2‘1:V,,+[V”+gmvﬂj.Ré

Fd

:V”{H(H'B)Rg}

r

k3

Then
o =(v/2)

r

T

Vo ==0,V, R = A =LL,
2 r +(1+ )R,

1 .02
=M _00)0020) o560 5 oo

i leo 0.0248
Then
A :l (100)(100) S A =163

2 105+(101)(2)

11.9
a. For 1=%2=0 and neglecting base currents
~0.7-(~10)
Re=— )R =62kQ
0.15 E—
b.
_ Ve _ BR.
A= vy 2(r, +Ry)
100)(0.026
r. =ﬂvT :7( )( )=34.7 kQ
leg 0.075
(100)(50)
= =710
A 2(34.7+0.5) =& =710
A =— BRe 1
" +R, 1+ZRE(H-ﬂ)
r +Rg
__(100)(50) ! = A, =-0.398
3474050 2(62)(101) | T
347+0.5

CM RRy =20log,,

L0 cMRR, =45.0 dB
0.398
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Rg =2(r, +Rg)
Ry =2(34.7+0.5)= R, =70.4 kQ

Common-mode input resistance

1
Ren :E[r,, +Rg +2(1+ B)Re |

- %[34.7+0.5+2(101)(62)] = Ry =628 MO

11.10

(@ g =Ig =[%j(50)=50.625:> l. =10125u A

3-0.6

= =23.7kQ
0.10125
Re :M:m kQ
0.05

. 3-(1+0.6)
b le="—"" =1, =5907uA
(®) @) e 237 E H

I, = e, :%(%}(59.07): 2917 u A

Vet =Ugy = lcRe =3=(0.02917)30)-3=-2.125V

(i g ~0.02917
™ 0.026

=1.122mA/V

Dy
2
v, = —2.125-(1.122)30)0.006) = —2.327 V
v, = —2.125+(1.122)30)0.006) = —~1.923 V

vy =12mV, =6mV

11.11
(a)
v,=v,=0
lgy =1, 26 A
=60
le, =1, =590 A
Ve, =V, = (5.90)(0.360)—3
=-0875V
Vee; =Veer = +0.6—(—0.875)
=1475V
(b)
(1)
5.90

9, = ——— = 0.227 mA/V
0.026

As = 9,R. =(0.227)(360) =81.7
An =0
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(i)

60)(0.026

Aj:ngC:40'8 ”:( )( )
2 0.0059
=264 K
A = ~(0227)(360) _ 0>
|, 2(61)(4000)
264

11.12

lg =02mA, =l =, = %(%}(o.z): 0.09877 mA

(@) For Vg =0, vg =0, =gy =-25=1cR. =5

-2.
So Ry =22 _253k0
0.09877
0.09877
b Ay =0.Rc, 9, = 0,026 =3.799 mA/V

A, =(3.799)25.3)=96.1

(¢) vy =14mV, 07":7m\/

g, =—2.5-0,Re ”7" =-2.5-(3.799)25.3)0.007) = -3.173 V

v, = —2.5+(3.799)(25.3Y0.007) = -1.827 V
(d) CMRR =60dB = CMRR =1000
1], (81)0.2)R,

1000 = —| 14—
{ i (0.026)80)

}: R, =257kQ
2

11.13
(a) Neglect dc base currents
le =lg +1c, =240 A

. _207-69) 15910
0.24
Rc _373 _167k0
0.12
0.12
b == —4.615mA/V
®) G 0.026
A, =g, R =(4.615)16.667)=76.9
AR .
() A,=—% ~ 05 _g.0279
RE

76.9
CMRR =20log, | ———
dB glo(o 0279

j =68.8dB
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11.14
v, =V, =0
-0.7—-(-10)
LR T
=0.124 mA
e, =g, =0.0615 mA
g =215, 365 mav
0.026
A
290 _ 01
On

9, =2.377 mA/V
9, =2.353 mA/V

12 .
- _(120)(0026) _ g0
0.0615
V
Al=g, =+
O >
Vv
AVe, =—0p, TdRc

C

\Z
AVg, =+0,, 7 R

V Vv
V, = AVg, —AVe, =—0, 7(1 Re =9, TdRC

Vv
:_TdRC (gml +gm2)

=50

A = L (gm1+gm2) : —=(2377+2.353) = A, =-118.25

Common-Mode

Avg, :M AV, :M
1+(l+ﬁ](2RE) 1+(M](2RE)
M r,
Vo _p _ ~(Gm — O )Re  —(2.377-2.353)(50)
Vom m 1+ ! 121) (75
12 er) e[ )
-1.2
=-0.003343
35899

CM RRde=91dB
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11.15

(a)
v, =0
+0.7V
5-07
1

Vi
Ve

=43 mA

IE
lc, =1, =2.132 mA
Ve =Ve, =(2.132)(1)-5
=287V
v, =05, v,=0 Q, on
(b) Ql off
e, =0, I, :4.3(@j mA =4.264 mA
121
Vo =5V v, =(4.264)(1)-5
=-0.736 V

VC 2

Ve 07V g, =232 _ g0 mav
E— 0.026
©
\/ \
AI:ngd AVC:AI.RC:gmzd'RC:

V, =0.015= AV, =0.615V
Ves 4 Ve T

Vo, =—2.87+0.615=-2255V
Vo, =—2.87-0.615=-3.485 V

(82.0)
2

V, (1) = 41.0V,

11.16
@

On =

I
—C=L=38.46 mA/V
V;  0.026
A 1
=—=——-=100
A v, 0.01
A =0,Re
100 =38.46 R,
R, =2.6K
(b)
With V1 =%2 =0
Ve =Ve, =10-(1)(2.6) =74V = v, (max)=7.4 V
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11.17
@ lg=lg+lgp =1 =1 =04mA
(D) Vg —Vg, = B/+ _IEIRCI]_B/+ _IEZRC2]= lesRe —1g Ry
Vg1 —Vg; =0
(ii) v, —vg, =(0.4)7.6-7.4)=0.08 V
(®) Veg =V,

0.8=(2.9x10"% +3.1x10) exp( J (—J—1333 x10'*

V2

Then g, =(2.9x107"°)1.333x10" )= 03867 mA
ey, = (3.1x107°)1.333x10" )= 0.4133 mA

(i) Lo —Ug, =(0.4133-0.3867)7.5)=0.1995 V

(ii) g, — Vo, =(0.4133)7.6)—(0.3867)7.4)=0.2795 V

11.18

i _
(@) ol_gp0-— 1 o[ T% |y
_Udj V;

|
Q
1+ex
p[ .

sothat —uv, =(0.026)In(4)= v, =-36.0 mV

i
(b) <= —0.90=;:>exp(+ud j:O.llll
d) vy

Q +0v
1+exp| —
p[v

T

sothat v, =(0.026)In(0.1111)=-57.1mV

11.19

{0.5 o+ [4'\;] v, (max)} . Ulf(max)/vT )
{0.5 Iy + (“IVQTJ "y (max)}

(0995 ){0'5 +(4\1/T )U" (max)} Trexp(- uj (max)/V; )

By trial and error, v, (max)=14 mV

(b) (0.985){0.5 +[ 4\1/T ]vd (maX)} T ool Uj (max)/V, )

By trial and error, v, (max)=21.2mV

(@) =0.005
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11.20
For Yov =33V and a maximum peak-to-peak swing in the output voltage of 2 V, we need the quiescent

collector voltage to be
Ve =3.5+1=45V

Assume the bias is 710> and lg =0.5 mA
Then 'c =0:25 MA
=104 R ko
Now 025  —————
100)(0.026
r, _ (100)(0:026) 44y
In this case, 0.25

Then

__(100)(22) 101
2(10.4+0.5)

For CMRR,; =80 dB =
1+ B)I,R 101)(0.5)R
CMRR:10“:11+( PR, :11+( J(O5)R, =R, =1.03MQ
2 v, 8 2| (0.026)(100) | T ———
Need to use a Modified Widlar current source.

R, =T, [1+ On (REIHrﬂ )]

So gain specification is met.

If V, =100V, then T, :%:mom
r _(100)0.026) _ 5,
0.5
0.5

=—" =19.23mA/V
9n 0.026

Then 1030 =200[1+(19.23)YRe,|r, )]= Re [, =0.216kQ = R, [5.2=0.216
So, Rg, =225Q; also e =0.5mA

11.21
R, = -0.7 —(—10)
(a) 0.25

=R, =372 kQ
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(b)

(M)

(i)

£+ 9.V, +V”2 +0,V,, = Ve or (1)[l+ﬂj(v,,l +V,)= Ve
r7r rﬂ' RE T E
oty )

r. Rg+r, r +Rg

Vo, =V, -V,

Then

1+ r V,

1) —& z__(V, -V V,-V,)|==%

i E—

From this, we find

v+ r +Rg v,

V, = I

r +Ry +1+r +Rg
Re (1+ ) r,

Now
Vo = _gmvanC = _ngc (Vz _Ve)
We have
120)(0.026
r =M =25kQ, g, _O125 g many
0.125 0.026
SetV, =2 and V, = _V?d
Then
V, 254+0.5
5 1—( j Ve (<0.02)
v 2 25 D
25+0.5 25+0.5 2.026
+1+
(37.2)(121) 25
So
V, =-0.00494V,
Now

v, = _(4.81)(50)(_\%*_(_o.oo494)vd j = A =119

d

SetV, =V, =V,
Then
254+0.5
V - Ven (H 25 j _ Ve (-2.02)
25+0.5 25+0.5 2.02567
{(37.2)(121) s }
V, =V, (0.9972)
Then
V, =—(4.81)(50)[ V., —Ve, (0.9972)
or A, = Vo _ —0.673

V,

cm




Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 11
By D. A. Neamen Problem Solutions
11.22
(@) Ad =0n RC
1.2

d

T 0016

= 0.125 =4.808 mA/V
0.026

m

Then R, :%:15.61@

808

(b) For Veg =0= v, =vc, =vgy =3-(0.125)15.6)=1.05 V
(© cmm:%{nw

=19,231= CMRR,, =85.7dB
(0.026)

11.23

The small-signal equivalent circuit is

A KVL equation: v, =V -V ,+V,

V=V, =V, -V,
A KCL equation
\Y, Vv
4 gV + 224 g,V,, =0
r, I

(Vfrl +V., )(:+ ng =0=>V, ==V,

Thenv,-v, =2V, =V, :%(v1 -v,)and V,, = —l(v1 v,)
At the Vo1 node:
V&-k Vor ~Va

+g.V,=0
R R, 9V

v, (1+1j—v [lj—lg (v,=v)
01 Rc RL 02 RL 2 m 2 1

(1)
At the Yo node:
Y

v -
Yo Yo

"+g.V,=0
RC RL gm 72
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Vo L*'L —Vo L :lgm(vl_vz)
R. R R, 2

2
From (1):

R 1
Voo = Vo [1"'RL]_2 ngL (Vz _Vl)
c

Substituting into (2)

Vor 1+i L*'L _ingL(VZ_VI/) i"'i Vol 5~
R.J\R. R ) 2 Re R,
R
+ + =—

v
L
RC
From symmetry:

A, Vo Vo __9uRe

)‘C
Then

j:;gm(vl—vz)

11.24

The small-signal equivalent circuit is

KVL equation: v, =V, -V, ,+v,orv,-v,=V -V,
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KCL equation:

7l

\Y
+ng7rl +gmvﬂ2 + r”Z :O

T

1
(Virl +V/rZ {r_-i- gmj =0 :an = _V7[2

T

1
Then v, -v, =-2V_,, or V_, :_E(Ul -v,)

Now v, =-0,V,, (Rc "RL)
Z%gm(Rc"RLXUI _UZ)

For v, —v, =v, = A, =Z—°:%gm(Rc"RL)
d

11.25

We have Ve, =-9g,V,,R. =—0,, (V,, -V, )R

and

VCI = _gmvzleC ==0n (Vbl _Ve) RC

Then

Vo =Ve, =Ve,
=-0n (Vbz _Ve ) RC _[_gm (Vbl _Ve) RC]
=0,Rc (Vm _Vnz)

V,
Ay :V _OV =0nRc
Differential gain b b2
Common-mode gain Pom =
11.26
(a)
Vv, =3V =V, =V, =3V
Then R, :1(())7_133 R. =70 kQ
(b)
CMRR,, =75 dB = CMRR = 5623
Now
1+ 8)I1,R
cmrr L] 14 LA IR,
2 Py
151)(0.2)R
5623:l 1+()(—)0 =R, =145MQ
2| (150)(0.026)

Use a Widlar current source.
Ro = ro [1+ ngé]

Let Va of current source transistor be 100 V.
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Now T, 199 500k, gn - 92 J6omav
0.2 0.026
- (150)(50.026) C195K0)

So 1450 =500[1+(7.69)RL |= Rf =0.247 kQ
Now Ri =Rg|r, = 0247 =R.[19.5= R, =250Q

|
Wehave 1oR; =V, ln[ IREFJ
Q

(0.2)(0.250) = (0.026)1{ ('OREZFJ = lper =1.37mA
Then R, = 10=07-(10)

R, =14.1kQ
1.37

oy = RRA Vo R(1+6) 'V+=(1+5J'V+
A +R R(1+5)+R 2468

1
vy =V =25V

For §=+0.01, v, = @'—(())11](5): 2.5124V

For 6=-0.01, v, = (%j(s) =2.4874V

vy =12.5mV
Rg = R[R=20kQ
P P _ (120)0.026)
T e 0.1
g = R __(120015)__ ;o
2(r, +Ry)  2(31.2+20)
v, = A, -0y =(17.58)0.0125) =0.22V
~0.22<vg, <+0.22V

=31.2kQ

11.28
2 .
@ R, =2r =2 _20120)0.026)
lco 0.125

=499kQ

(b) Ry = % [r, +(1+ B)2R, )= l[w+ (121)(2)(8000)}

2 0.125

Ry =968 M Q
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11.29
(a)
| _10-07-(-10)
1 Rl

R —Mln(ﬂj: R, =236 Q

—05=R =38.6K

27 014 \0.14

(b)
Ren = (1+ B)R,
. 0.14
R,=r1, (1 + gm4RE) Ons = M =5.385 mA/V
1 02
- (180)(0:026) 4 ¢
0.14
Rt =33.4/0.236=0.234 K

r, _100 o4k
0.14

R, =714[1+(5.385)(0.234) |
=1614 K
Ren = (181)(1614) = 292 MQ

(c)
-g,,Re 0.07
= “m¢c =——_ =2.692 mA/V
A 2(1+ B)R, 9m =026
14
r/zl
1 .02
r, _ (180)(0.026) =66.86 K
0.07

_ —(2.692)(40)
|, 2(181)(1614)
66.86
A,, =—0.0123

11.30
Ad] =0m (R] Hrzzs)

lor /2
Q1
== =193,

PV _2(100)(0.026) 52
[

ml

r;r3 - -
lgs /2 !

Q2 Q2

0.:R lo, /2
Aﬁz:%, Oms = v, =19.231y,

(19.23) 1,

Then 30 = ‘R, = I,R, =3.12V

Maximum Yo ~Vor =F18 MV g0, linearity

Vo; (max) = (£18)(30) mV = +0.54 V
so 15,R, =3.12 V is OK.
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From Ay :

(5.2}
20=19.231, (R |, )=19.231, @

R, + 2
o2

20— 19.2314,R,(5.2)
IR, +5.2

|
Let 2R, =5V, = I4,R =10V
2

_19.23(10)5.2) N

Then 20
lo,R, +5.2

lg,R, =44.8V

Now 14 R, =10=R, _10
lo

|
So Iy, 101 44892 _4ag
lor lor
Let 1o =100u A, then 1,, =448 u A

Then
[,R, =3.12= R, =696k Q

IoR, =10=R, =100k

11.31

20_VGS3
1T 50
20 —Veg, =12.5(Vesy — 4Vgs; +4)
12.5VZ, 4%V, +30 =0

49+./(49)’ —4(12.5)(30)

e 2(12.5)

20-3.16
'S0

I =0.25(Vgs; —2)°

=Vges =3.16 V

[ =1,=1,=0337mA

|
ID1:7Q:>ID1:O.168mA

0.168 = 0.25(Vgs, —2)" = Vg, =2.82 V
Vpss =—2.82—(-10) = Vg, =7.18 V
Vo, =10-(0.168)(24) =5.97 V

Vps, =5.97—(-2.82) = Vpg, =8.79 V
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(b)
Ip(mA)

/ O-point
0.168

v
|
|
|
|
|
8.79 Vipsa(V)
(c)
Max Ve = Vg = Vg, =Vis (Sat) =Ves1 —Viy
2.82-2=0.82V

Now V,, =10—(0.168)(24) =5.97 V
Vs (max) =5.97 -V, (sat) =5.97-0.82
V; (max)=5.15V
Vew (max) =Vg (max ) +Vgg, =5.15+2.82
Vew (max) =797V
Vew (min) =V~ +Vq, (sat) + Vg,
Vi, (sat) =Vgg, —Vpy =3.16-2=1.16 V
Then Vg, (min) =—-10+1.16+2.82 = v¢,, (min) =—6.02 V

11.32
(@ Iy =Ky (V<351 —Viy )2
60 =100(Vgg, —0.3)° =V, =1.075V
Vi =V —Ves, +V, =4-1.075-1.15=1.775V
3-1.775

Rp = —2=204kQ
0.06

() lo=1,=lp+1p =120uA
I = K3(Ves3 Vi )2
120 = 200(Vgg; —0.3)" = Vgg; =1.075V

(i) R, :—3_1'075_(_3):411(9
0.12

(iii) Vgg; =Vase =1.075V

1 1
b) 1, = = =833.3 kQ
®) 5 g (0.01)0.12)

AV

Alg=—D% === 23 = Aly =276 uA

r, 8333
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11.33
(a)
|Q =160 A
k! (W
Ip = ?n(fj (VGS Vi )2
80

80=—(4) (Vs -0.5)"

80 =160(V,; —0.5)’

Vg = /& +0.5=1.207V
160

Rp = % =375K Vp =2-(-1207)=321V
©
Vps (sat) =Vgg =V =1.207-0.5=0.707 V
Then Vg =V,, =V (sat) =2-0.707=+1.29 V
Andv, =V, =V, =V +Vs =1.207+1.29

V, =2.50 V
(b)

im

vy =y =250V = =10
BOpA - —— —

0.707 321 ypg, (V)

11.34
(@) vey (max): Up; —Upss (Sat)+Uesz

o

0.1

2
Ups, (sat) =1.0208—0.35 = 0.6708 V

Then 2.25=0vp, —0.6708+1.021=> vy, =1.90V

Rp = 37190 _155k0
0.09

0.09 :( j(4)(uesz —0.35)" = vgg, =1.021V

(b) (i) vy, =1.90V

(i) g, =2 \/(%J(ijl bo =2 \/(%j@)(ow) =0.2683mA/V

vy, =190+, -%"-RD :1.90+(0.2683{%

j(12.2)= 2.096V
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(iii) vp, =1.90-9,, ~%’-RD =1.90—(0. 2683)(0;)5)(12.2)=1.818V

11.35
(@ lo=1I= Kn3(v(353 Vo )2
0.25=020(Vgg, —0.4)° = Vg, =1.518 V
R, = 5-1518-(5) 33.9kQ
0.25
025

(b) Io =lp, =—5==0.125mA

Vo1 ~Vo2 :(V+ _IDlRDl)_6/+ _IDZRDZ): I5,Rp; = 15Rp,
(D) oy —o, =0
(i ) vy, —Ug, =(0.125)15.5-14.5)=0.125V
(© lg=1Ip +1p, :(Knl + an)(ves Vi )2
0.25=(0.125+0.115)Ves —Viy )* = Vo —Viy )* =1.04166
Iy, =(0.125)1.04166)=0.1302 mA
lp, =(0.115)1.04166)=0.1198 mA
(i) g —Ug, = (15)0.1198-0.1302)= -0.156 V
(i) g —Ug, =(0.1198)15.5)—(0.1302)14.5)=—0.031V

11.36
i K K

(a) LTINS S Y Uy 1— " og
o 2 V2, 2|
0.20=0.50+

020 0.20 b2
ud 1-
2(0.15) 2(0. 15

—0.3674 =0, 4/1-(0.6667 v
0.135 =02 1 (0.6667)02 ]
0.6667v; —vg +0.135=0= uj =0.15=>0v, =-0.3873 V

(b) 0.80=0.50— 0 20 O 20
o 15) 2(0.15) 15

0.3674 = —v,4/1-(0. 6667)ud = v, =-03873 V

|
(C) Uy =Uy o = 1| —= :‘/E = +0.866 V
’ K, V020
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11.37

i ) K 1
loy o054 210 = =1/(O'2XO'10)=O.lOmA/V
Iy Iy 2 2

e =0.5+0,

()] )
((O ))
K, 0.2
We have I (0 1) =1

0.5+, —[0.5+ud ,/1—05}

0.5+0v,

0.0025:0{0.995—,/1—05} =0, 2019V
0.5+0v, —[O.5+wa/1—uj]

0.5+v,

0.0075 = v, [0.985 —J1-0? J , =0, 20285V

=0.005

(a)

=0.015

(b)

11.38
(b)
gy =2,/K, I, =2,/(0.05)(0.008696)

=0.0417 mA/V

Al =g, ~% =(0.0417)(0.05) = 0.002085 mA

= (0.002085)(510) =1.063
Vv, T= vy, =1.063-4.565=-3.502 V
o = —1.063-4.565=5.628 V
9=14Ry +V +1
I =21,
8= 2K, Ry (Veg +Vip )’ +Veg
8=(2)(0.05)(390)(Vsg —0.8)" +Vqg
8=39(Vg —1.6Veg +0.64)+ Vs
30VE —61.4V, +16.96 =0
y _ 61.4+.3769.96-4(39)(16.96)
€ 2(39)
1217V V,=2217
Ig =0.01739 mA Iy, = I, = 8.696 A
Vo, = Vo, =(8.696)(0.510)~9 = —4.565 V
(b)
Un = 2/Ks I g =24/(0.05)(0.008696) = 0.0417 mA/V

Ay =Al,-R, Aly=g, \% =(0.0417)(0.05) = 0.002085 mA
AV, =(0.002085)(510) =1.063 V
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v, Tl 4o vp, ¥
Vp, =—4.565-1.063 = -5.628 V
Vo, = —4.565+1.063 = -3.502V

11.39
(@)

vi=v,=0

lo = K, (Ve +Vie )’

Vp =1,R, -3
= (6)(0.36)*3 =-0.84V
Voo =Vs —Vp = 0.847—(—0.84)
Vo =1.69V
(b)
®
Ay =0,Ry 9, =2JK,lp

=2,/(30)(6) = 26.83 uA/V
A, =(26.83)(0.36) = A, =9.66
An =0

26.83)(0.36
o Gao _(2653)(030)

= A, =483
2 2 A

A - -9,Ro :—(26.83)(0.36):_0.0448
1+29,R,  1+2(26.83)(4)

11.40

(@ g, :2¢KP|DQ =2,/(0.12)0.075) = 0.1897 mA/V
(i) Up; —Upy =GRV, =(0.1897)30)0.1)=0.5692 V
(ii) vp; —Vpy = GnRpvy =(0.1897)30)0.2)=1.138 V
(b) (i) Avy, =9, R, -%":(0.1897)(30)(0.1):0.5692\/
iy A, =—9nRo_ —(0.1897)30) _ ;50000
1+29,R, 1+2(0.1897)4000)
A _9nRo (0.1897)30)
L=

=2.846
2 2

Avp, = Ajuy + A Ucn» let Uy, =1V, 0, =02V
Then Avg, =(2.846)0.2)—(0.003748)1)=0.5655 V
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11.41
Forv,=v, =0
0=V +21,R; ~10
10 =Vs +2K,Rq (Ves —Viy )
=Ves +2(0.15)(75) (Ves —1)
22.5Vgs —44Vys +12.5=0
S0 Vg =1.61V and I, =(0.15)(1.61-1)" = 55.9 uA
9 = 2K 1 =2,/(0.15)(0.0559)
g, =0.1831 mA/V
Use Half-circuits — Differential gain

V AR

o0 [ Ro+ 5
V, AR

a3 R )

2

2

Vo =Vp; =Vp, = =0, V4Rp
V,
=—2=--gR
Ad Vd gm D

Now — Common-Mode Gain
Vi :Vgs + gmvgs (ZRS ) :ch
vV

cm

V =—— om
% 1+49, (ZRS)
AR
. _gm(RD+ szvcm
" 14g,(2R,)
_gm[RD - AED jvcm
o T T g, (2R,
Vo =Vp; —Vp,
So VO _ _gm (ARD )ch
1+gm(2RD)
A — Vo _ _gm(ARD)
" Vo, 1+gm(2RS)
Then

A, =—(0.1831)(50) = -9.16
~ —(0.1831)(0.5)
1+(0.1831)(2)(75)
CMRR|_=69.1dB

A

=-0.003216
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11.42
From 11.41
Iy, =15, =559 uA
g, =0.183 mA/V

V +V
Ayt AV =-0, 7(1 Ry  AVp, =40, (de Ry

Vv Vv
Vo =AVp, —AVp, =—0, ?d Rp = 9ms 7(1 R,

Ry Ry Ag, Ag,
VO =—2. RD (gmz +gml):Td' RD [gm - g +(gm _ij

2 2 2
A, =—0, R, =—(0.183)(50) = =9.15

_(gm +AgMj RDch (gm _AgzMj RDVCM

119, (2R.) | 1+g, (2R

Aw t Vo =AVp —Avp, =

Vo _AngD
A= e ot ag, = (000)(015)
~ —(0.00183)(50)

=-0.003216

" 1+(0.183)(2)(75)
CMRR|_=69.1dB

11.43
(@) 5=I3Rg+Vs =2K (Vs +Vip )R +Veq
5=2(12)2)Ve —1.2Ve +0.36)+ Vg
4.8V 4760V, —3.272=0=V =1.459 V=0
ls =2(1.2)1.459-0.6)" =1.77 mA
I o = 1p, =0.885mA
Up; =Up, = IpRp —=5=(0.885)1)-5=-4.115V
(b) 5= 2(1.2)(2)(v;G —1.2V¢, +o.36)+vSG +1
4.8V 476V —2.272=0=>V, =1.344 V
Vs =V +1=2.344V
Ip, = 1o, =(1.2)1.344-0.6)’ =0.664 mA
Up; = Up, = (0.664)1)-5=-4.336 V
(c) Using part (a), g,, =24/(1.2)0.885)=2.061mA/V

Vg = —4.115+ 9, Ry -%‘: ~4.115+(2.061)1)0.1) = -3.909 V

Up,y =—4.115-(2.061)1)0.1)= —4.321V
(d) Using part (b), g, =2 (1.2 0.664) =1.785 mA/V

vp =—4336+9, R, “7" =—4.336+(1.785)1)0.1)= -4.158 V

Up, =—4.336—(1.785)1)0.1)=—4.515V
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11.44
@
gm = 2 Kn I D
=2,/(0.4)(1)
0, =1.265 mA/V
v, 1
=0 __ _10
A vy 0.1
Aﬁ = ngD
10=(1.265)R,
R, =791 K
(b)
Quiescent v, =V, =0
Vp, —vDZ =10—(1)(7.91)=2.09 V
Vi f +O 8=238V
VDS(sat 238 0.8=1.58
SO Vg = Vp —Vps (581) + Vg
=2.09-1.58+2.38
Vy, =289V
11.45
_On
A 2
Forvg, =25V
Iy
I, =10, —7:0.25 mA

LetV,, =V,, =3V, then R, =%: R, =28 kQ

_9a(28) _
Then 100 _Tj g, =7.14 mA/V

Andg, =2 %(ijlu

7.14= z\/(o ‘;Soj[wfj(o.zs) =

(wj = (wj =1274 (Extremely large transistors to meet the gain requirement.)
1 2

L L
Need |Ay, |=0.10
From Eq. (11. 82(b))

‘ACM‘*1+2gm R,

(7.14)(28)
1+2(7.14)R,
For the basic 2-transistor current source

1 1
Ry=r=—=—""—=200KkQ
% Aly (0.01)(0.5)

This current source is adequate to meet common-mode gain requirement.

S0 0.10 = =R, =140 kQ
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11.46
Not in detail, Approximation looks good.
a.
Ngg, = (-5
I =%() and |5 =215 = 2K, Vs, ~Vay )’
S
5-V,
5t =2(0.050) (Ve -1y’
5-Ves: = 2(V<3251 ALY +1)
2V<3251 —Ngs —3=0
3+4(3) +4(2)(3)
1 = 0 =V, =2.186 V
I _5-2186 Ig =0.141 mA
20 —
Iy =10, :'?S: Ip, = lp, =0.0704 mA
Vy, =5-(0.0704)(25) = v,, =324 V
b.
O = 2K, (Vs —Viy ) = 2(0.05)(2.186-1)
g, =0.119 mA/V
N ! =710 kQ
© Ay (0.02)(0.0704)
R.f.’l RH

‘1 Via

s
EmVys1

-V
£+gmvgsl+ o ==0
RD 0
1
v(,,[ +r]+gm(vI Vs) rS:O
D 0 0 (1)
Yo ig v eV g

r() (2)
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gmvgsl + VOI _VS + V02 _VS + nggsz = Vis
o fo Ry
2V,
gm(vl _Vs)"'h"'vﬁ_is*'gm (Vz _Vs):
I I

0 0 0

gm (Vl +V2)+%+V£ZVS {zgm +2+1}

0 S

pro] ‘m<

%1

€)

Then

1
Vs(gm+rj_gmvl v 2 1
U (V +V, )+ ———————+ 2 =V {29m+—+—}
] [1+1j r, r, R
"\Ry T
D 0 (3)
gm(vl+vz)r0[l+lj+vs[gm+lj_gmvl+voz[l+1j:VS {ng+2+1}'r0(l+lj
RD r0 I’0 RD r.0 rO RS RD I’0
r 1 1 2 1 I, 1
U (V, +V. )(1+°j—gmv +V, (+J=V {[ng++J£1+°}—(gm+j}
1 ’ RD l " RD rO : r-0 RS RD rO
gm(v -F:"+v2+v2-Rr°j+v02[Rl+l]=VS {ng+2+l+2gm~r"+2+ o —gm—l}
D D D rO rO RS RD RD RSRD rO
gm(vl-r‘J+v2+v2~r°]+v02(l+1]:VS {ng+l+l(l+r°]+2(l+gmro)}
RD RD RD r.0 r-0 RS RD RD (4)

1 1 1
Voo [R+]+ 9V, =Vs [gm +]
Then substituting into (2), o o

(0.119)[vlm+v2+vzm N L
25 25 257710

=V, {0.119+L+i(1+10j+3[1+(0.119)(710)]}
Substitute numbers: 710020 252
(0.119)[28.4v, +29.4v, | +(0.0414)v,, =V, {0.1204+1.470+ 6.8392}
=V, (8.4296)
or Vg =0.4010v, +0.4150v, +0.00491v,,

Then v,, [%+%)+(0.119)V2 =V, [0,1 19+%j

“4)

2
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Vo, (0.0414) +Vv, (0.119) =(0.1204)[0.401v, +0.4150v, +0.00491v,, |
Vg (0.0408) = (0.04828) v, —(0.0690)V,
Vo, = (1.183)v, —(1.691)v,

v,
Now v, =V, +-2

cm

Sov,, = (1.183)(vcm +V?dj—(l.69l)[vcm —V?"j
Orv,, = 1.437v, ~0.508v,, = A, =1.437, A, =-0.508

1.437
CMRR, =20Io —— |=>CMRR, =9.03dB
B gm(OSOSj dB

11.47
Em 1"...\ 1
F Vi —
KVL:
v, :Vgsl _Vgsz +V,
Sov, -V, =Vgsl —Vgsz
KCL:
gmvgsl + nggsz =0 :>Vgsl = _Vgsz
1 1
So Vg ==(V,=V,), Vg =—=(v,—V,)
2 2
Now
Voo , Voo ~Vou
=+ >= =0V
RD RL gm gs2
v, [1+1]_vm
R, R R (1)
Vor , Vor =V
—+ =-0,V,
RD RL gm gsl

Vor = Vo, (1
From (1): b

1 1 Voo
=V, | —+— |-—=
RD RL RL (2)

R
+ RLJ +0n RLVgsz
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Substitute into (2):

From symmetry

_gmvgslzvoz 1+i L-"L +ngL L_‘_L Vgsz_h
RD RD RL RD RL RL

R 1 1 R 1

=0y (V, =V, )+ g, [ 1T+=2 || = (v, =V,) = Vy, | — + =+ —
R (O B R Eeae

|
1 (R w( R LL
ZQm[RL](V‘_Vz):;(“Rij A= Vo _2

Lt ——
D D D 1~V 2_'_&
Ro

1
_E'ngL

VI*VZ 2+i
RD

Vo2 ~Vau _ ngL

Ay =

A =

ViV [2 + EL)
Then cl

11.48
(@ v, :_gm(RD"RL(_ZUd j
1
Aq :Egm(RD”RL)
(b) U, :_gm(RD"RL)Ugs
o :Ugs +gngs(2R0)
_ Uem
Ye T 1i2g, R,
AC :_gm(RD”RL)
" 1+29,R,
11.49
Av 0.5
Ay =—20=""=
@ A Av, 0.1 3
A, =5= ngRD . O =2,K, Tog =2,/(0.15)0.1) = 0.2449 mA/V
Rp = 25) =40.8kQ
0.2449
() ve (max): Vo —Ups (Sat)+UGs

ip = Kn(UGs —Vay )2

0.1=0.15(gs —0.4)’ = vgg =1.216 V
vps (sat)=1.216-0.4=0.8165V

Vo =5-(0.1)40.8)=0.92V

Uy (max)=0.92-0.8165+1.216=1.32V
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11.50
le = _nggisD = _ngD (Vl _Vs)
de = 7gmvg52RD = *ngD (Vz 7Vs)
Now V, =V, =V, ==, Ry (V, =V, )= (=9,Rp (V, -V,))
Vo = ngD (Vl _Vz)
Define V, -V, =V,
Then A, =\\;—°= 9,Rp and A, =0

d

11.51
(@) Loy =Vo —Ups (Sat)+ Ugs
ip = Kn(UGs —Vry )2
0.1= [%)(IOXUGS —0.4)’ = vgg = 0.8472V
Ups (sat)=0.8472-0.4 = 0.4472V
Then vy =1.5+0.4472-0.8472=1.1V
vo =3-(0.1R, =1.1= R, =19kQ

InRo. 0.1

Now A, = , where g, =2 (TJ(IO)(O.I):OAMZ mA/V

(0.4472)19)

A, = = 4.248

CMRR,; =50dB = CMRR =316.2

1 1 0.1
CMRR:E[HZ,/KnIQ -Ro]:>316.2:5{1+2 ( j(lO)(O.2)-R0]:> R, =998k Q

2

(b) Use cascode current source similar to Figure 10.18 with vpg, (sat)=0.3 V.

11.52
(a) From Problem 11.27, v, =12.5mV.
R
A, = 900 here g =2 (1)0.1) = 0.6325 mA/V
A, = (0.63225)(20): 6325

vo =(6.325)0.0125)=0.0791 V
So —0.0791< v, <0.0791V
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11.53
From previous results

Voo = V%
Ay = VZ—V : =0nR :\IZKmIQl R =20
17 V2

1 1
:Engz :E 2Kn3|Q2 ‘R, =30

and A, =

02 ol
IR IR
Set%:SV and %zz.sv

Letly =1y, =0.1 mA
ThenR, =100 kQ, R, =50kQ

Then 2[036J(L1(0'1) (moj [Lj [LJ_W
oo 25 0= = (1) (), =2

11.54

2
i _ | [ _ VGSIJ
b1 = Ibss

a Ve

2
; Ves2
oy =lpss | 1-
Ve

o (3
Al

(VGSZ — Vs )

Then iDl(IQ _im) —;{IQ _IDSS.v(f]

Square both sides

2
. . |
o —ipilg +i{IQ —DSS~V§‘| =0
(

2
_VP)
2
1 |
I, £+ |2—4(j{| —_bss VZ:I
Q Q Q 2 d
. 4 (-Vs)
Iy = 5
| 20,1 ’
v
iDl :Eoi% Ié é < Dsszd +[ IDSSVdZ]
(-V2) (V)
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Or

2
oy L L) (2los | Toss | [ Vo
o 2 =2V ) Y\ I o ) Vs
We had
iDZZIQ_iDl
Then
. 2 2
LS N 0 U Ty eI P P Y
b 2 =2V, ) “\ 1, lo ) \Vs

b.

Ifip, = Iy, then

2 2
LN v, 2lpss | oss | [ Vo
A Iy o )V,
20 LY (v, Y
\Y)
|Vp|:vd\/|DSS —[IDSSJ (Vdj
Q Q P

Square both sides
2 2
21 | v
Vol = {IDSS _[IDSS] (Vdj ]
Q Q P
2 2
Ij m () =52 4V =0
lo ) \Ve Iy
2 2 2
N S
g Iy lo ) \Ve
V2= > .
2[2|DSS] [1]
o ) Ve

I 1/2
Or |vd|:|vp|(|°]

DSS

c. For vy small,

. | | 21
o= Ty 1
(=Ve) o
g diDl _i. lQ X 2IDss
f = Vg0
A |7" 2 (Vo) \ 1o
0 _ 1 IQIDSS
r = g; (max)— —_—
-V, 2
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11.55
a.
lg=lp +1p, =l =1mA
V, =7=10—-(0.5)Ry = Ry = 6 kQ
b.
g, (man) = - |y
! -V, 2
1)(2
g (max) :(%) ()# = g, (max)=0.25 mA/V
C.
R
A =922 = g, (max) Ry
A =(0.25)(6)= A, =15
11.56
a.
Iy = _VGS [1 VGS]
S DSS VP
V 2
5-Ves =(2)(0.8)(20) (1—(625
sy, :(2)16(1+sz +ngs)
8V +33Vg +27=0
-33+,/1089-4(8)(27)
Ves = 5
(®)
=-1.125V
_5-(-1.125)
ST 20
=0.306 mA
I, =1,, =0.153 mA
v, =117V

(b)
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11.57
Equivalent circuit and analysis is identical to that in problem 11.47.
1
E : gm |:QL
A, = R
-
Ro
1
- E “On RL
Ay = R
5]
RD
A, Voo = Vo — ngL
e
Ro

11.58
(@) Ad = gm(r02||ro4)
0

|
g, =—=2 =92 0omAN

vV, 0.026
v
Ve 1206010
leg 02
04=i=&=400k9
leg 02

A, = (7.692)(600[400) = 1846
(b) R, ="ry,|r,s =600[400 =240k Q

(© A= gm(roz r04||RL)
As =(0.75)1846) = 1384.5 = (7.692)240|R, )= R, =720 kQ

11.59
(@)
2
lg =250 A lpge = IQ[H[)’]
)
=250( 1+— |=252.8 uA
180
5-(0.7)-(-5
1:7( 1)~ ):>R1:36.8K
0.2528 B
(b)
0.125
= =——==4808 mA/V
A gm(roz ||ro4) On 0,026 m
=20 21200 K
0.125
A, =(4.808)(1200[800) T, =190 g0k
“ 0125

A, =2308
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(©)
2(180)(0.026)
Ry =2r, =—— " ——=R, =749K
0.125 4 -
Ro=ix oy =1200800 = 4530 K =R,
(d)

Vo (Max)=5-0.7=43V
Vg (Min)=0.7+0.7-5=-3.6 V

11.60
a.
o)\ 1
IO_IB%+IB4z2? E
|
=222 Zo
B 100
b.
r02=r04=V—A:@=1000kQ
lg 0.1
|
m:ﬂ:L:&S%mA/V
v,  0.026

A, =0, (1 [ ) = (3.846)(1000]1000) = A, =1923

AH =0n (roz Hro4 HRL)
A, =(3.846)(1000][1000] 250) = A, = 641

11.61
o
2V
@ A= I
lo lo 1

+ +
Ny NVa R
|

Q
1000 2(0.026)
o g 1
+ +—
2(90)  2(60) 250

1000(1 4 [0.005556+0.008333)+4 = 1,(19.23) = 1, =0.749 mA

(b) gy (max)=V* -2V (on)=5-2(0.6)=3.8V
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11.62
(b) vy ==gn, rmIIRog{ )
1
Adl 5 (rol ||R03 )
oo =7.692 mA/V
Im = v 0026
v,
L= 120 6o0ko
leg 02
Ryy = Fos|[Ves|—» where g,, =7.692mA/V,
m3
Fo (120)0.026)
w 0.2
Then R, = 400[15.6/—— = 15.014[0.130 =0.1289k ©
7.692

Ay, = —%(7.692)(600"0.1289): ~0.4956

1
©) A, = +5 Im2 (roz ||Ro4 ): +0.4956

() Agy = +0m (1 |Res )= 2(0.4956) = 0.9912

—15.6kQ, r,, =

11.63

gm4vsg4 = gm3V593 = gmlvgsl
Vi =V, -V, and Vg, =V, -V,
VooV, v

S

gmlvgsl + gml gsz

V
Om (Vl +V, _2Vs)+_O=Vs[L+L]
2
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V 1 1
gml(vl +V2)+_O=Vs(29m1 +R_+_]

02 0 r02

Now g =2/K l5q =24/(0.5)0.1) =0.4472 mA/V
1

= =500kQ
fo2 (0.02)0.1)
V, 11
Then (0.4472)V, +V, )+% =V, {2(0.4472)+—2000 + soo} =V, (0.8969)
We have (1) V, =(0.4986)V, +V,)+V, (0.0022299)
V,-V, V
Also (2) —— +I’_0+ gmlvgsz - gmlvgsl =0

02 04

VU(L'F%J_:,/_S"_QM(VZ _Vs _(Vl _Vs )):0

02

Vo(i"'Lj_v_s"‘ gml(vz —Vl)=0

r-o 2 r-o 4 r-0 2

We find r,, = =3333kQ

1
(0.03)0.1)

Then VO(L ! j—L[(o.4986)(vl +V, )+V, (0.0022299)]+(0.4472)V, =V, )=0

500 ' 3333) 500
V, [(0.005)-(0.00000446)] - (0.0009972)V, +V, )+(0.4472)V, -V, )=0
(a) LetV, =V, and V, =0
V,[0.00499554] -V, (0.0009972) -V, (0.4472)=0

\Y
Ay =—=289.72
Vy
(b) LetV, =0 and V, =-V,

V,[0.00499554]+V, (0.0009972)-V, (0.4472)=0
A, =Y _g932
Vv

d
Vv Vv
(c) LetV, =7d and V, =—7“
V,[0.00499554] =V, (0.4472)

VO
=—2=89.52
Vd

11.64
a.  From symmetry.
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0.1
bs3 = Vpss = a"‘l

V,

GS3

=V,

GS4

=V,

OrVps; =Vpss =2V

0.1
Vi = (== +1=2V
SG2 01

Vser =

VSDI :Vsoz :VSGI _(VD83 _10)
=2-(2-10)

OrVg, =Vgp, =10V

1 1
= = 1MQ
fo Auloo  (0.01)(0.1) -
1 1
= = 0.667 MQ
for Aol (0.015)(0.1) -
9n = 2K, (VSG +VTP)

=2(0.1)(2-1)=0.2 mA/V
A = 0n (1 s ) = (02)(1000]667) = A, =80

(c)
Iy, = 1o, :%Q:O.lmA
==L 1000k
Ao, (001)(0.1)
1 1
N N (Y T (X R

R, =T, [F,, = 6671000 = 400 kO

11.65
(@) Ad = gm(r02||ro4)

O = \/(%J[WTjn log = 2\/(%](8)(0.06) =0.3098 mA/V

1
- =666.7kQ
fo2 (0.025)0.06)
1
= =416.7kQ
fos (0.04)0.06)

A, =(0.3098)(666.7]416.7) = 79.44

. ko YW
(b) ipy = [_pj[_j (U 3 +Vip )2
> L i G

0.06 = [O'—;Mj(w)(usm ~0.3)" = Ugg, =0.8477V

Uy =1.8-0.8477 =0.9523

Ucwm (max) =g —Upg (sat)+ Vg

0.06 = (%)(8)(%5 ~0.3)" = vgs =0.6873V, vy (sat)=0.3873V
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Uy (max)=0.9523-0.3873+0.6873 =125V

11.66

For

R04 =Ty |:1+ Ona (RHrm ):|
-
“ o1
0.1
=—— =3.846
9 =026
(100)(0.026)

0.1

=26K

R|r., =1]26 =0.963 K
Assume £ =100
(100)(0.026)

M= =26 kQ
0.1

9., =L _3846 mAV
0.026

=800 K

4

Ry, =800[1+(3.846)(0.963) | = 3.763 MQ
= R, =3.763MQ

Then

A/ =—0n (roz HRO)

M = 102(1) =1200 kQ

g =21 3846 mav
0.026

A, =—(3.846)[1200[3763] = A, =-3499

80
R=0, 1, = ~=800k0

A\/ ==0, (roz Hro4)
=—(3.846)[1200[800 | = A, =-1846
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(c) For part (a), R :(3'763"1-2):0910 MQ

For part (b), Ro :(1-2||0.8) =048 MQ

11.67
|

_ 'Es _ IB3+IB4 _ |03+|c4

1B 1+ B p1+p)
Now lg; +1c, = 1

IQ

B(1+B)

| |

I _ E6 Ql
B6 -

1+4  B(1+p)
For balance, we want |
So that 1o, =1,

IBS

So Il =

BGZIBS

11.68
Resistance looking into drain of M.

&

ZinaViga

/V\ 24
— \ " —
Vi % R,

Vs 2 1R,
Vi =V,
IX +gm4vsg4 =
04
\
I{1+gm4Rl+—1} X
04 o4
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Ad =0Om (roz "Ro)

Omo = 24/K, 15q =24/(0.080)(0.1)

=0.179 mA/V
1 1
fo Aloe  (0.015)(0.1)
Ons = 2y/Kp Ing =24/(0.080)(0.1)
=0.179 mA/V
RS B
Al (0.02)(0.1)

P

=500 kQ

1
R, =500{1+(0.179)(1)+——|=590.5 kQ
,=500]14(0.179)(1) s 1|

A, =(0.179)[ 667]590.5 | = A, =56.06

WhenR =0, R, =r, =500kQ
A, =(0.179)[ 667]500] = A, =51.15

R, =667]590.5 =R, =313 kQ

=rs

(c) For part (a), R,

For part (b). R, =1, r,, = 667500 = R, =286 kQ

11.69
Let =100, V, =100V
e

Iy =02mA
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r=Ja 1001000 ke

lg 0.1
Ry, =, [1+9,Rt] where R =r_||Re
Now

100)(0.026
p, = 100)(0:026)

0.1

g, = o =3.846 mA/V

0.026

RL =26[1=0.963 kQ
Then R,, =1000[ 1+(3.846)(0.963) | = 4704 kQ

As = 9, (1,2 [Ros ) = 3.846(1000[4704) = A, =3172

11.70
(a) For Q,, Q4

V. -V Vv
I, =4 GV + OV +—

X

(1) fo2 04
gmzvnz +Vx _V”4 = V“

(2) S s " I

(3) V/r4 = _V/rZ

|-

v =V I: |1| + L +0m :|
I r v I
From (2) 02 74 |["72 02
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Now

ey = (Hﬂﬂ}u@] = (%}(0.5) =0.496 mA

s ('2][11[3][1/;] :(0.5)((112210)2 ] 1., = 00041 mA

So

120)(0.026
p, = (120000026) 264
0.0041

0., = 20016 158 mav
0.026

_ 100 =244 MQ

roz -
0.0041

120)(0.
.= (120)(0.026) _ ¢ 591
0.496

9., =226 _19 08 masv
0.026

=2 _o0ko

0.496

Now

V—*:v,,4 L L ouss 3whichyieldsvﬂ4:V7X
6.29]761 = 24400 (0.318)r,,

ro 2

From (1),

(b)

vV, V 1

| =—2X+2+4V - -

X - r04 4 [gmzt ng roz J
1

! [19.0870.15877

24400) L \
hich yields R, =-* =135 kQ
(0318)(24400) | TS T T

| 1

X —

K= ——p—
V, 24400 202

X

Now r,, :%:160 kQ

Then R, =Ry, I, =135[160 = R, =73.2 kQ

Ai
vy /2

Ay =0,R, where g, =
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Ai

Ai =gV, +gpV,s and V,, +V,, = "?d

Vv
Also ( ot gmlvnl]rns =V,
r

zl

1
SO V7r1 [ +ﬂ]rﬂ3 :V7I3
rl!l

orV., [E](w) V.=V

761 !
Vd

Then 2V, = ng SV, =

zl

S0 Ai = (G + Gy )V, =(0.158+ 19.08)[‘%) = 9.62(\%"]

A 962 A =(9.62)(73.2) = A, =704
v, /2 A =704

Now Ry = 2R, where R, =1 +(1+ 8)r ,
R =761+(121)(6.29) = 1522 kQ
Then R, =3.044 MQ

Sog, =

11.71 - Design Problem

11.72
Input: -8<V, <8mV
Output: -0.8<V, <08V
VvV, 08
“TV, 0008
Ad = gm<r02||r04)
Let 15 =0.5mA, 15, =0.25mA

1

100

= =160kQ
fo2 (0.025)0.25)
1
= =100kQ
fos (0.04)0.25)

100 = g,,(160[100)=> g,, =1.625 mA/V
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o33 [T,
1.625=2 \/(%}(WTJ (0.25) = [WTJ =528

11.73
For current source, g =1,

P=(21 v -v)
0.8=214)6)= 14 =66 uA
Ad = gm(r02"r04)

r =;=1515k0

02
(0. 02)( 0.066]
2

1

r.04 =
0. 03)( 0.066]
2

240 =g, (1515]1010)= g,, =0.396 mAV

kiYW
On =2 H(T) oo

0.396 =2 \/(%}(WT) (0.033) = (WTJ =23.76

=1010kQ

11.74
Ad =0n (roz "Ro)

:W:666.7 K

A, =400 =g, (666.7)
g, = 0.60 mA/V

A5
oo

0.090 = 0.004 (WTJ

(2)-£2) =




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 11
Problem Solutions

11.75
As = 9 (Roa[[Ros )
where
Ros = Toy + oy [14 Gpalis ]
Rys = Fog + g [14+ o |

We have
1
=r,=————————=1667 kQ
for = s (0.015)(0.040)
Mo ="rg= (0.02)(0.040) =1250 kQ

1
(0.02)(0.040)
\/(0060] 15)(0.040) = 0.268 MAN

O = 2\/(0 (;25](10)(0.040) = 0.141 MAV

Then
R, _1667+1667[1+(0268 67)|= 748 MQ
Ry =1250+1250[1+(0.141)(1250) | = 222.8 MQ
(a)
R, =Ry, R, =748[222.8= R, =172 MQ
(b)

Ay = G (Ros |Ryq ) = (0.268)(172000) = A, = 46096

11.76
(@) As= (r02||r04)
Un =2yK,lpg =24(0.2)0.06) =0.2191 mA/V
1
=l = —————=666.7kQ
fo2 = Tou (0.025)0.06) 0667

A, =(0.2191)(666.7|666.7)=73.0
(b) R, =Ty, =3333 kQ
(©) ip; = K, (Uscs +Vip )2
0.06 =0.2(gg; —0.3)° = vgs, =0.8477V
Vo =V —Ugg; =2.8-0.8477=1.9523 V
D1 = Kn(UGSI -V )2
0.06 = 0.2(0gs; —0.3) = vgg, = 0.8477 V, = vy, (sat)=0.5477 V
ey (Max) = vy —vpg, (sat)+ Vg, =1.9523-0.5477 +0.8477 =225V
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11.77
(@) ip; = Kp(USGS +Vip )2
0.25=0.25(0ggs —0.4) = Uy =14V
Then vgg, =14V, UDSl(Sat): 1.0V
Vew = Vo —Vps; (at)+ vgs,
3=V -14)-10414V' =4V=-v"
(b) Ay =g (ar)
On =2yK,lpq =2¢(0.25)0.25) = 0.50 mA/V
1
o =los :W: 200k
A =(0.50)200[200)=50

11.78
(a) For Vn =+2V2V =27V

If 1, is a 2-transistor current source,

V™ =v,-07-0.7

Vi =-34VV' =V =34V
(b)

100
Ad :gm(roz ||r04) 19 ZEZIOOOK
oy = 60 =600 K
0.1
On = L =3.846 mA/V
0.026

A, =(3.846)(1000[600) = A, =1442

11.79
(a) V =V =34V
(b)
fo=2 Z1250K
0.06

=20 _ 6667 K
0.06

g, =29 5 308 mav
0.026

A, =(2.308)(1250]666.7)
A =1004
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11.80
() lg, =025mA, Iy, =0.001656 mA, I, =0.2483 mA

I =0.25+0.001656 = 0.25166 mA
O =2¢K,1oq =24(0.2)0.25166) = 0.4487 mA/V
le, 02483

Im2 =Y "7 0,026

: :(150)(0.026):15'7“(0
P 02483

c_ (0.4487)[1+(9.55)(15.71)]:8 P

" 1+(0.4487)15.71)
(b) Ig, =0.45mA, 1y, =0.002980 mA, I, =0.4470 mA

5, =0.05+0.00298 = 0.05298 mA
O = 24/(0.2(0.05298) = 0.2059 mA/V

g - 0.4470
™ 0.026
r,, =8.725kQ

T

¢ _ (02059f1+(17.19)8.725)] _ | 1 vy

8 1+(0.2059)8.725)

=9.55mA/V

=17.19mA/V

11.81

1 1
r(M,)= = =500 kQ
(M) Alog  (0.01)(0.2)

V, 80
rO(QZ)ZliA:E:é"OOkQ
cQ .

U (M,) =2,/K, g =2,/(0.2)(0.2)
=0.4 mA/V
A =0y (Mz)[rO(MZ)"rO (Qz)J
=0.4[500]400 | = A, =88.9

. =0 CMRR; =
If the lg current source is ideal, A and ® =%
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11.82
(a)

I}
)
e
P
¢

1
N
N

I

(b) g = 0?7 =0.0875mA

lg =0.5=1g +1g, =0.0875+ 1, = I, =0.4125mA

I, =0.002279 mA, I, =0.41022 mA

I, =g + g, = 0.0875+0.002279 = 0.08978 mA

9, =24/(0.7)0.08978) = 0.5014 mA/V

g, = 20225 o8 ma
0.026
r, =1141kQ

() V,= _(g mlvsg +0mV, )RL
V, = (g m Vg XRI ||r712)
V, = _[g mVsg T ImaOmVsg (Rl ||r7[2 )]RL
_Vo = ng [g m T 9m20m (R1 ||r/r2 )]RL
Now Vg =V, -V,

So V, [1"" Om (1 +0m; (R1||rn2 ))RL ]:Vi Om [1 +0m; (R1||r7r2 )]RL

_V_ 9m [1+gm2 (R1||r7r2 )]RL

v Vi - 1"'gml [1+gm2(R1"rﬂ2 )JRL

0

(0.5014)1+(15.78)g[11.41R,  37.71R,

Y1+ (05014)1+ (15 78)gL 4R, 1+37.71R,

(i) For R, =10kQ,
_ (37.71)10)
v 1+(37.71)10)
(i) For R, =100kQ,
~ (37.71)100)
v 1+(37.71)100)

=0.99736

=0.99973
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11.83

@) g = % =0.0875mA

lg =0.8=1lg +1g, =0.0875+1¢, = I, =0.7125mA
I, =0.003936 mA, I, =0.7086 mA

I =l o + 14, =0.0875+0.003936 = 0.091436 mA

9., =2,/(0.70.091436) = 0.506 mA/V

g - 0.7086
™ 0.026
r,=6.605kQ

®) I, =0,V + gmlvsg
VIZ = (g leSg XRI ||r7z2 )

=27.25mA/V

Now Vg, =V,
I, 1
VR = O+ Onal (R, )= 0.506 +(0.506)(27.25)(8]}6.605) = 50.39 mA/V
X 0]
Or R, =19.8Q
11.84
(a)
.V,
@, 3
(L
OTG
v, <+> z; : e z vV,
.’\’rJ.lI."Jr 4
—(~v

gm2vl! + : ( ”) = O

(1) 02
VvV, —(-V = =

gmzvzr +M = gmlvi + V” +L or 0 = gmlvi _V/r [1+1j
(2) r02 rol r/r r01 rzr

V. = gmlvi

&)
7+7
Then o Tz

From (1)
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V,
[gmz +1jvﬂ +70 = 0
r02 rOZ

Vo =-Ty [gmz +1]V7r = _rozgmlvi
r

02

1
Ol m T
VU ~ g 1 Z[g 2 rozj

AI_Vi_ (1 1]
-+
rol rir

[g +1j
" rUZ
—
I’01 r;r

Now
O =2,/K, lg =2,(0.25)(0.025) = 0.158 mA/V
I
U, =—2= 0025 _ 9615 mA/v
V;  0.026
-t o1 _s00ka
2y (0.02)(0.025)
L =Ya_ 0 00 ka
I, 0.025
- AV: _ (100)(0.026) 04 ka
Iy 0.025
Then
—(0.158)(2000)[0.9615+#)
A = = A =-30039

1 1 _—
7+7
(2000 104]

To find Ry; set Vi=0=g,V; =0

@
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Ix :ngVﬂ+VX7(7V”)
02
V/! :7|x(r01||r7r)
Then
1
I, = — (=1 —x
X (gm2+r02)( X)(rOI ||r”)+r02

Combining terms,

V 1
R, = f =rys |:1+(r01 "rfr)[gmz +I‘02]:|

= 2000{1+(2000||104)(0.9615 +1ﬂ =R, =1922MQ
2000)|

3V

Vv, —(-V.,
Vs + M =0
(1) 03
Vo -V s V., —(-V
grn3vgs3 + - 3) = gmzvnz + = ( ”2)
(2) fos S
-V . —(=V -V
VLZ_}_ngV”Z_’,M:glei_’_( ”2)
(3) I 02 lo1
V. = Vgs3
72
15 [gm + rlj
From (2), 0z
Then
1 1 gs3
V7r2 — 0 t—t—|= gmlvi +
(3) I ST S 02

orO:Vﬂz[

1
ng +—
02

gs3

ro 2

1
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Vv Vv
= L-"gmz +L+i = gmlvi + =
1 rzrz I’02 rol roZ
roz Om t—
roz
% V,
g3 ; {T%+09m5+3l—+51—}=096ww+5Ei
2000( 0.9615+ . |L1° 000 2000 000
2000

_ 5
Thep Ve = 1:83x10°V,

G+ Vo, = Yo orv, = -2000( 0,158+
2000

From (1), ( fos
A—ﬁ—dmum
==

j(Lssxlm)v

rO 3

- @

!
BV psd

82V
FolllFz2 VTE
To find R,
VvV, —(-V
|x — ngVgSJ +M
(1) fos
V, —(-V,, RYRRY,
ngVQSS + ( 2 3) = gmzvzrz + = ( ”2)
2) o3 fo2
(3) szz :_Ix(rol ||r/!2)
From (1) I, =V, [gm +1j+vX
r03 r03
|X :Vgs3 [0.158+Lj+ Vx
2000,/ 2000
|-
SoV. . = 2000

3 0.1585
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From (2),

1 1 V 1
V, +—+—|[+%=V +—
gs3 |:gm3 r roz j| rQ} 2 [gmz roz ]
\Y

03

Vi 00584~ 4 L[y Va :v”2£0.9615+L)
2000 ' 2000 ] 2000 2000

I -V, /2000 \Y;
x X TEPPE 100,159 X =—](2000(104)(0.962
0.1585 }( )+ 00 *( | )( )

Then l:

We find R, :\I/—X:6.09><101° Q

X

11.85

Assume emitter of Q is capacitively coupled to signal ground.

80
I, =02[22]=0.1975 mA
“ [81)
0.2
I =—==0.00247 MA
PO 81
80)(0.026
p 2 (80(0:026) o ch
0.1975
0.1975
- =7.60 mA/V
9 (Q)="026

9n (M,)=2JK, 15 =2,/(0.2)(0.00247)
g, (M, ) = 0.0445 mA/V

— -
Vie— s Re
J <+2IM|)VQ.- % ‘

2 Q@
-[\'ur{ Q 1 ) Vﬁ
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\Y)
V.=V, +V_andV_ =g, (M,)V, Vo=
Vo #V and Ve =0 (M )Vl oV g, (M))r,
ThenV, =V, 1+; orVﬂ:#
gm(Ml)rﬂ [ 1 ]
+—
gm(Ml)rﬂ
\'A -0, (Q )R
voz—gm(Ql)v”ch/\:V_:(ll)c
' (1+]
gm(Ml)rﬂ
—(7. 2
Then A, = (7 60)( 0) A =-484
1
I+
[ +(0.o445)(10.5)J
11.86
Mo = —(120)(0.026) =15.6kQ
0.2
Re =Ry|r,, =0.2[15.6=0.1975kQ
2
Omi :0—27.692mA/V
0.026
v
rou=ﬂ:@=600m

ICll
Rery = Moyt (14 9, RE ) = 600[1+(7.692)(0.1975)] = 1512 k Q

Vv
R, =T,, Vw0 _sh0k0

IC7

Z =Rg;|Rey; =300[1512 =250 kQ

g =—(120)(f'026) =3.12kQ
o = ——[1291_6.008264 maA
120 ( 121
o (120)0.026) _ 377510
0.008264
ro+2
- J{ o j ‘3'12+[377.5+250j
121 121
Now R, =R, =5 = 5/|0.06864

121 121

Or R, =67.7Q




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 11
Problem Solutions

11.87
R=r, +(1+ﬂ)rnz
- _(100)(0026)
0.5
2
o (100)(0:026) _ (100)'(0026) 0o
(0.5/100) 05

R =520+(101)(5.2) = R =1.05 MQ

ra+50 _ (100)(0.026)
101 = 7 1

2.6+50

=2.6 kQ

=5[0.521= R, =0.472 kQ

r/!}
1+
Vo _V;rs [r—ﬂJ(S)
73 (1)
V,-V,,)
Yr3 — V + ( 0 73
- ng 72 50
1 1 V
OV =Vos [I’_ 5] _$
73 (2)
V7[2 - [”1 + gmlvﬂl ] rzr
rzrl
:V/rl (Hﬂ] r/r2
" ()
and
Vin :Vﬂ'l +V/r2 (4)
G =2 =19.23 mAV
0.026
Then
101
V, =V, (76](5) =V, =V, (0.005149)

()
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And
19.23V,, =-V, (0.005149)[i+i] Y
26 50) 50
=-V,(0.02208)
OrV,, =-V,(0.001148) @)
And
V., =V, =V, =V, +V,(0.001148) @
So
101
,(0.001148) = [V, +V, ( 0001148)]( ](5 2)
)
-V, (0.001148) -V, (0.001159) =V, (1.01) = A, :\\//—0 =438
11.88
5
l,===1mA
5
[1
Vgsy =4|——= +0.8=221V
Gs2 05 +
2.21-(-5)

1

=0.206 mA
35

Vm ._._ v
v T R,
581 Bt Vg1
+
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Vo = (gmzvgsz)(Rz Hroz)
Vgsz = (gmlvsgl )(rOI HRI )_VO and ngl = _Vin
So Vgsz = _(gmlvin )(rm HRI ) Ve
Then
Vo =Om, (Rz Hroz)[_(gmlvin)(rol HRI )_Vo]
_ Vf0 _ —Om2 (Rz Hroz)gml (r01 HRI)
Vin 1+gm2(R2Hr()2)
G2 = 2K 1o, =2/(05)(1) =1.414 mA/V
O =2,/K 1oy =24/(0.2)(0.206) = 0.406 mA/V
1 1
= = = 4 kQ
CUTN (0.01)(0.206) 5
1
o (0.01)(1)
R, [, =5[[100 = 4.76 kQ
R, |r, =35[485=32.6 k@
~(1.414)(4.76)(0.406)(32.6)
1+(1.414)(4.76)
So = A =-115
Output Resistance—From the results for a source follower in Chapter 4.

1 1
R, = ?“RZH o, = WHSHIOO

=0.707]4.76
So R, =0.616 kQ

A

Then A, =

m2

11.89
(@) R, = ? =5kQ

I, =K, Ve +Vip ) = 1=1(Vgs —0.8)" =V =18V
~5-(-1.8)
L025
(b) g, =24(0.5(0.25) =0.7071 mA/V
9 =24/(1)1) =2 mA/v
1 1
=200kQ, r, = ©02)

=272kQ

=50kQ

fo (0.02)0.25)
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(©

Vol =-0 lein (rol "Rl )
ngz :Vo _Vol

Vo
_0+_+ gmzvsgz =0
2 r.02

V, (RL+FLJ+ Om2 B/o +0mVin (rol ”Rl )]: 0

2 02

1 1
VO[R_2+r_+gm2j :_gmlgmz(rm"Rl )/in

02

V, ~OmOm(ufR) —(0.7071)2)200[27.2)

A=0= =

v W 11 (1 1 j
—+—+ —+—+2
[Rz r ngJ 5750
vV, V
(d) Ix: X+ X+gm2vx
02 2
1 1
R, =ry|RR, =50|5|- = 4.545]0.5
gmz 2
R, =0.450kQ
11.90
(a) rR=>"0_2k0
0.25
Elz—_0'7_(_5):17.2k(2
0.25
5-0.7

R. = =172kQ
25
Re, :#: 2.5kQ

<R||rn3)

Vo2 _ 9m
(b) Ay =—2==1
Uy 2
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2
9., =22 _9615mAN
0.026

- _ (12000.026) _ 5 4160
0.25

(9.615)
2

Adl =

A3 =0 (Rc ||Ri4)
Ris =T +(l+ﬁ)RE2

_ 025 _ 9.615mA/V
0.026

(20]12.48)=36.94

m3

r, :%:1.561&

Ri, = 1.56+(121)(2.5)=304k Q
A, =—(9.615)17.2[304)= -156.5

_ (l+ﬁ)RE2 _ (121)(2.5)

= = =0.995
r,+(1+ B8R, 1.56+(121)2.5)

Now A, =—2=A, A, A, =(36.94)-156.5)0.995)= —5752

d
-9 ml (R||r/r3 )

© A =
2(1 R
1+$

r

7l

_ (120)0.026) _ 1248KO

i 0.25
~(9.615)20[12.48)

A, = - 20200) —0.01905
12.48
A=A A, - A, =(-0.01905)-156.5)0.995) = 2.966

CMRR,, =20log,, [%5626) ~65.8dB

11.91
a.
R, =102V 1022 p _g0ko
le 01 S——
Ry, =07V 1076 g _20ka
l, 02  ———
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VvV, —V
A, =2—2=-g, (Rc1 "rﬂS)
Va
0. =L _ 3846 mav
0.026
- _(180)(0:026) 44
02
A, =—(3.846)(80[23.4) = A, =—69.6
Vos 1
_ 19 R
AdZ vOl _V02 2 gm4 CZ
9. = 02 _ 7.692 mA/V
0.026

A, = %(7.692)(20) ~76.9
Then A, =(76.9)(—69.6) = A, =—5352

11.92
a.  Neglect the effect of ry in determining the differential-mode gain.
v 1
Ay :%:Egmz (Rc ||Ri3) where R;; =1, +(1+ﬂ) Re
d
AZ — _ﬂRCZ
r.+(1+8)Re
12-0.7—(-12
l, = ( )=23'3=1.94mAzIC5
R 12
L (1.94)
Oy =2 =373 mA/V
0.026
(200)(0.026)

3 =
IC3

Vo :12—%(1.94)(8):4.24 v

1o, = 222207 97 ma
33
200)(0.026
- (200)(0026) _ 61
1.07

Ry, = 4.86+(201)(3.3) = 668 kQ

1
Ay = E(37.3)[8”668] =147.4
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Then
A=A, -A =(1474)(-1.197) = A, =-176
Ry =t =2 = 30 412k
les  1.94
~0n2 (Re[Ra)
A:ml - (1+ﬂ)
1+ 770
r/rZ
o =M:536 kQ
?(1.94)

~ —(37.3)(8]668)
" 1, 2(201)(412)
5.36
A =-1.197

A, =(~0.09539)(~1.197) = A, =0.114

=-0.09539

Vy, =V, =V, = 2.015sin wt —1.985sin wt
Vy =0.03sin ot (V)

vV, +V, .
V,, =——==2.0sinwt
2

V03 = Aﬂvd + A:mvcm
=(~176)(0.03)+(0.114)(2)

Or Vg3 =—5.052sin wt

Ideal, An =0
So

Vo = A, = (~176)(0.03)

V3 =—5.28sinwt

Rg =2r,, :2(5'36):W
2Ry, =2(1+ B)R, ||(1+,B)r0

80 =82.5kQ

1
57(1.94)
2R, =[2(201)(41.2)]|[(201)(82.5)]
=16.6 MQ|[16.6 MQ
So= R, =4.15MQ
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11.93
a.

24—V,
R
24—V, =(55)(0.2) (Vass —2)’
24 Vg, =11(Vey, — 4V, +4)
11VZ, —43Vgg, +20=0

43+(43)" —4(11)(20)
Gs4 = 2(11)
24-337

I, = kn (VGS4 Vi )2

=337V

, =0.375mA =1,

Vg, = 12-(%}(40) =45V

Voz _VG53 2

Rs = ID3 = kn (Vesz _VTh)

45V, = (0.2)(6)(ng3 — 4V, +4)
1.2V2, —3.8Ve, +03=0
3.8+,(3.8) —4(1.2)(0.3)
Vass = b
(12)
_45-3.09

=3.09V

=0.235 mA

ID3
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0.375

0. 2K 1. =2 (o.z)(T)
=0.387 mA/V

A = 0uRo = (0387)(40) = A, =774

_gm3 RDZ
A =_2mD2
1+9,5R;
Oms = 2\/Kn lp; = 2\/(0'2)(0'235)
=0.434 mA/V
—(0.434)(4
:—( )(4) =-0.482
1+(0.434)(6)
SoA =A,-A =(7.74)(-0.482)= A, =-3.73
1 1
R =r,.= = =133 kQ
" Aly (0.02)(0.375)
A= “0mRy —(0.387)(40)
™ 142g,,R, 1+2(0.387)(133)
=-0.149
A, =(-0.149)(-0.482)= A, =0.0718
b.
Vy =V, -V, =0.3sin ot
Ve = NtV 2sin wt
2
V03 = Advd + '%mvcm
= (-3.73)(0.3)+(0.0718)(2) = v,; = —0.975sinwt (V)
Ideal, An =0
Vo = AV =(-3.73)(0.3)
Or

=V, =—1.12sinwt (V)

11.94
AR
(@) A =——
V4 + RB
Assuming leo =lg, T, =%=9.75 kQ

ﬁsoﬁo):146
9.75+0.5

d
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(b) C, =C,(1+g,R:)

0.4
=— " =1538mA/V
In = 0,026
Cy =(0.2)1+(15.38)10)]= 30.96 pF
© f. - 1 _ 1
" 2z(r,|Rs JC, +Cy ) 272(9.75[0.5)x10° (1.2+30.96)x 107
f, =10.4 MHz
11.95
1 1
(@) fz

= = :>f =39.8kHZ
27R,C,  2x(10x10° J0.4x1072) " ¢

M) T, _ (15000.026) _g 754 )

R
RO(HBJ (10)(1+0'5 j
. r, 9.75

“ | Re, 20+ pR, E 2(151)10,000)
r, r, 9.75 9.75
Or R, =33.940

I I
" 2R, C,  27(33.94)0.4x107?)
fo =11.7GHz

11.96

g
fT —— 9m
27(C_+C
a. From Equation (7.73), ﬁ( i ﬂ)
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g, ——— =3846 mANV

0.026

38.46x10°

27(C, +C,)

OrC,+C, =7.65x10"" F=7.65 pF

And C, =6.65 pF

Cw =C,(1+9,Re) =1[1+(38.46)(10)]
=386 pF

Then 800x10° =

~ 1
= 2z[r,|Rs J(C, +Cy)
(120)(0.026)

= =312k0

1
f, =
" 27[3.12)1]x10° x(6.65+386)x 10"
Or f,, =535 kHz

1 1

f, = -
. 272R,.C,  27(10x10°)(107"
b.  From Equation (11.140), S 7[( x )( )
oy fe =159 kHz

11.97
1
5 Re
(a Aj=—="——
r/r +(l+ﬂ)RE
r, = (120)0.026) _ 12.48kQ
0.25
l(120)(8)
A=—>2 —_  _-195
12.48+(121)0.1)
l(120)(8)
b) A =— 2 ~112

" 12.48+(121)0.25)
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Chapter 12
12.1
A 5x10* .
a) A, =———=100= = £=9.98x10
@ A 1+ Ap 1+(5x10* )3 g
(b) 80=— 1~ A=2000
1+ A(0.012)
12.2
(@) A, = A 80= ~10° = f=-0.01249
"1+ AB 1+(-10°)p '
_ 4
(b) A, = >x10 — 6658

1+(-5x10* J-0.015)

12.3

A
@) " 1+AB
T=AB
(i) T=w
(i) A=80dB=A=10"=T=1.5x10’

(i) T=15

A =

B=0.15

=6.667

==

(1)

Giy M=

(i) =
(b)

() T==

i) T= 2.5%x10°

(i) T=25

A =L =100
B

AN

.662
25

(1)
(if)
(i) ™

A, =3.9984
=3.846

12.4
(@)
A= =Ly
1+A8 B
/3 =0.0080
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(b)
A, = (125)(0.9975) =124.6875
124.6875=— A
1+(0.008)A

124.6875[1+(0.008)A] = A
124.6875 = A[1-0.9975]
A=49,875

12.5
-2x10*

(@ A A 0= = f=-0.01245
f 4
1+ AB 1+(-2x10*)8

1 dA

o GA
®) A, (1+AB) A

0.01= ! ~d—A:>d—A:2.5%

i+(-2x10*J-0.01245)] A T A

12.6
dA, 1 d_A
A, 1+pA A

0.001 :L-(o.lo): 1+ A =100
1+ pA

_100-1
5x10*

B = f=198x10""

A 5x10*
1+ fA 1+(1.98x107 [5x10*)

Now A, = = A, =500

12.7

(a) Auf :[ Al J( A2 J
1+ A6, \N1+A, B,

so[ 200 10
142008, | 1+10,

(1+2005, )(1+10/31)=(2%())(10)= 40
Then 200047 +2108, =39 =0=> , = 0.096685
Al A2
YT 1EAA B,
2000
1420004,

= 8, =0.0195
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(b) From circuit (a):

200 9
P = [1+ (200)(0.096685)J(l+ (9)(0.096685)] =473 (-5.43%)
For circuit (b):
1800
" 1+(1800)0.0195)

=49.86 = (~0.28%)

128
Vo = (=10)(=15)(=20)V, =-3000V,
(@ VemAotVs
So Vo =—3000(AV, +V;)
We find

\/ -3000
A\,f —

-_o°o__ """
V. 1+30008

A, = _120= 73000
For 1+30003

(b) Now Yo = (1318, =-2187,
Then

A, =

= £ =0.008

2187 2187

1421878 1+2187(0.008)
120-118.24
120

-118.24

% change = x100 = 1.47% change

12.9
(a) Au fH = Auf fC
(5x10*)10)=(25)f¢ = f =20 kHz

5
fo  20x10°

12.10
(@) fc

4
M: fo =10kHz
50

4
® :wj f. = 2kHz

12.11
A f 3
(@) () A, = ; = =(75)(355X10 )=5.25><105
H

5.25%10°

i) 75= = £=0.01333
) 1+i5.25x105iﬁ d
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(b) A=(525x10°)0.9)=4.725x10°
5
A, = 4.725x10 —74.99
1+(4.725x10% {0.01333)

Aty _(4725x10°)5) o Lo
¢ =31

f = v =
C A, 74.99
12.12
A = A
Low freq. 1+ AB
=000 s 0.0098
1+(5000) 8

Freq. response
5000

f f
I+]— || 1+]—
AR i

- (5000)(0.0098)

Y R
f f
1+ ]— |1+ ]—
fl fZ
~ 5000
[1+jf)[l+jfj+49
fi f,
B 5000
1+ji+ji+ Jrye +49
I AN (W
B 5000
50+ji+ji+ e
fl f2 fl fZ
Also
A Ar B 100
e f fY L f L f SfyLf
1+jf— 1+jf— 1+jf—+jf—+ jf— jf—
A B A B A B
So
100 B 100
o f (CfENLfY o f 1 (ifYf
P U U T Ser T Ser, Tsoln L
A B A B 1 2 1 2
Then

1 1 1 1
= +

11

and f fy  50f,f,

fi=10 4 f.=2000

1 1 1 1

—t—=—+ =0.002 +0.000010 = 0.002010

f,  f, 50(10) 50(2000)
and

1 fg

1 1 _Ts

= =
f fy  (50)(10)(2000) ~ f, 10°
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£+L =0.002010

6
Then 107 f
10° £2+1=2.01+10" f,
10° 7 =2.01x107 f, +1=0

B 2.01x107 i\/4.0401><lO’6 —-4(107°)(1)

fg

2(10°%)
. 2.01x107 £2.0025x10™*
® 2(107)
+ sign f, =1.105x10° Hz
+ sign f, =9.05x10* Hz
12.13
(a) Fig. P12.7(a)
[ 200 ]
1+ ji
A f, { 10 }
.=
s 200f (0.1126) 1+(10)(0.1126)
I+j—
L fl .
- * (4.704)
(1+ jj+22.52
L fl
_ 94073 940.73 1
s+ ji 252 gt
f (23.52)f,
40
=5 f s = (23.52)(100) = 2.352 kHz
I+——
(23.52)f,
Fig P12.7(b)
(200)(10)
-
1+ ]—
A f, _ 2000
.= =
1+(0.0245)(2(f)0)(10) I+ f o4
1+j— f
f,
_2000 f e = (50)(100) = 5 KHz
50 o
1+]
(50O f,

(b) Overall feedback = wider bandwidth.

12.14
Vo = AAY; + AV,
S, _ 1000

v, = (100)v; +(1)v, = (100)(10)+ (1)(1) = N—°

0

=1000
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12.15
(a)
A
60
=g
A 1+ (0.1)(60) 8.57
and
Ay
N _y
1 + (0.1)(90)
y
73.4
Ny
81
(b)
y
AA
—L2 _ —3go.l
I + BAA,

AlA"
—12 =3l
I + BAA,

Circuit (b) — less distortion
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12.16

A 5x10°
== A, =121.95
TR BA, 14 (0.0080)5x10°)
Ry =R (1+4,A,)=(10)1+(0.0080)5x10° ||= R, =410kQ
Ro 1X103
= = R, =24.4Q
IR A, 14 (0.0080)5x10°)

12.17

Vg, =BV, =(0.0096)2.5)=V,, =24mV
V =V, -V =25-24=1mV

\Y
V,=AV.=> A =2 2.5

=" —25x10°V/V
V. 0.001
\Y .
Ay Yol 25 _jgoviv
V., 0.025
12.18
RE
VWA
R[l
in VA

——e Vg

A oLV

As z(1+';2j:203 R =19

S
1 R1
vy =igR,
i, :VSR_Vd +(VS_\|;d)_VO
‘ ’ (D
Vo_AbLVd +V0_(Vs_vd):0
K i @
v, L+L :A"Lvd +M
Ro Rz Ro Rz
Ay, (5 =v,)
v, = Ry R,
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1.|:A)Lvd+(v5 _Vd):|
Vs Ve VsV R R R,
R R 10
R0 RZ
L AL
R, R
iy =V L1 R -V, +i+ 0 R 2
R] Rz 14+ -2 1 Rz 1+-—-2
0 R0
Vd_iSRl

R, =190kQ, R =10kQ
i {O.1+190+100~[%+20+105}}:vS {O_.()l+20}

i (1.000219x107) = v, (20.01)

Let

R, =25 =5x10° kQ = R, =500 MQ
Ig _—
Output Resistance

Lh T

— Vx - '%Lvd + Vx

IX
R, R+RIR
__“RIR
R IR +R,
L1 _ 1 _ARIR 1

Vi Ry Ry RRIR+R) R +RIR
R ||R, =10]/100 =9.09

Ll£(9.o9) 1

d X

=—+ +

Ry 0.1 0.1 (9.09+190) 190+9.09
=10+4.566x10* +0.00502

R, =2.19x107° kQ=R,; =0.0219 Q

0f
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12.19
a.
R,
AAYA
R,
= %
- Prf
. Ay
Vs =V :Vo (Vs Vd) V,

which can be written as

Y A
Ay =Lt=—
V,
s 1+|:A/(1+R2]:|
Rl
1
ﬁ_ Rz
1+
b. R
20_L
c 1+(10%) 8
10
=20 = 5004999
So 10 —_
Rl oV 1R 190,
Then R A 0.04999 R,
d. A—>9x10*
4
- 9x10 —19.99956
1+(9x10*)(0.04999)
AA, N AA
f :w=—2.222x10*3%:> L = -0.005%
A, 20 A

f
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12.20
l_=1,—1,=20-19=1uA
19
l, =61 =1 = | 2 mA
fb ﬂl (o] s} 00095 0
| -3
L 200, i00aa
. 1x107°
|
A, o2 _jp0aA
I, 0.020
R, 500
Rif = = 3 =
1+ 4A  1+(0.0095)2x10°)
Ry =(1+8,A )R, = [1+(0.0095)2x10° J|20x107 )= R, =400k Q2
12.21
l,=1,—-1.=25-08=242uA
I, =Al, =(125)25)=1, =3.125mA
|
B, — b 22 G 007744 A/A
I, 3125
Ai
A =——
1+ B A
Ai
125=—— = A =3906 A/A
1+(0.007744)A,
12.22
a.
Ry
VAN
v, ' Z
"1!
7 44
Iy R; ! Ry
r'l;:‘i
Assume that V' is at virtual ground.
Vo =—1uRe
Now
Vv I,R
Ifb:|0+EZ: 0~ ﬂl)?:
lp =151,
and
1, = Al =2

SO
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Ly

Ifb: S*X

From above

Ifb[l+&jzlO

R3

g
AR

IS(H&j:I{HL(H&H
R, AL R

[1 RF]
I, ,
A= =32

or

A s
1+ R
R3
1
ﬂl —
b R,
5
25:L
c 1+(10) 8,
5
100,
B =22 —= p =0.03999
so 10 0
FFzz_F:i_1:0031999_1:>%:24'0
SO 3 ﬁl . 3
4 A =10° - (0.15)(10°) =8.5x10*
4
A = 8.5x10 =24.9989
‘o 1+(8.5x10*)(0.03999)
A -3
A __LIOXI0T 1107 = —4.41x10°%
Ay 25
SO
12.23

I
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Ig=1,+14,V, =R
Vv,
R

I, =1, +=>
P R, andvo =V, —1Re
|
IO:AIS:H&:XO
Now
1
Iy = Al +—- (V= 14Re)
R,
R V
If{lJrF}zAilﬁ—1
R3 R3
P

Re | ZF A
I{HR—J—I{[H JJFA}FR;
-

Ri

Re [y | L l(14Re)in |l
I{HRJ—VI{Ri KH R3]+A}+Rz}

)
le \I/il :
REEF

The /R term in the denominator will be negligible. Then
25
1 s
—| (25)+10
Gl )

R, =5x10* kQ=R, =0.5Q
0)

Ry =

Output Resistance (Let Z, =
Rf

Iy ——X+AI£+RV:R
3 F i
— VX
‘R +R,
SO
L AL Ry

e 1
V, R, R, R.+R’R,
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R, 10 240+2
CR.+R 24042

1 1 10°+1
+

0 f

= Ry #242x10° kQ or Ry, ~2.42Q

~ TS
50 A+l 107 +1
12.24
V.=V, -V, =02-0.195=V_ =54V
V -3
p, =t 2 QX0 639 via
I, 5x10
| -3
Ay =2 =210 _1g00 arv
V. 5x10°
A
Ay =———= 1009 =25A/V
1+A, 8, 1+(1000)0.039)
Ry =R, (1+ 8, A, )=(20x10* J1+(0.039)1000)] = R, =800k Q
Ry =R, (1+ 8, A, )= (10x10° J1+(0.039)1000)] = R, =400k
12.25
A
Ay =——= 2000 =40 A/V
1+8,A,  1+(2000)0.0245)
I, = AyV, = (40)150x10)= 1, = 6mA
Vi = 8,1, =(0.0245)6x107 )=V, =147 4V
V.=V, -V, =150-147=V_=3uV
12.26

L

v, AV,

Vs G Ry

_(1+hFE).I _VS_Vs
- hee b Re

le

V. = ly
Also I :hFE(Ang) SO ‘ hFE
Then
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1+h I—V—S I
‘ RE FEAgR

1+hFE | :ViS
0
FEAQR RE

(l+hFE)R +1 Lo Vs
FEAgR ’ Re
Lo AR ) b Neh
Vo R [Tr AR | Vs T (A R
b' ﬂz = RE
L
. 1+(5x10°) 3,
5x10°
B, :5107 = S, = R. =0.099998 kO
X
d e A —5.5x10° then
5
A - 5-5:10 =10.0000182
1+(5.5x10%)(0.099998)
A -5
ﬁ:m:w
Ay 10
12.27
if..
L\\:,:
v
Rijj—=
Ry
y :
Vg =
7 o= Ye
E:(1+hFE)Ang> E RE S and nglsRi’ Vg :Vs _Vg :VS_IsRi
1
(1+hee ) Aj IR = —- (Vs = IR) — I
Now Re
V,
{(l-thE) ] }' R*S
Ry :\I/*S: Re |:(l+hFE)A9Ri +Fz\>i+l:|
s E
We have
(1+he ) A, = hee Ay =5x10° mS
Re =0.1kQ

R, = (O.l)l:(Sx 109)20)+22 4 1}
s 0.1
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R, =10° kQ
or —mm

IX = ngIT +VX _(_VE)
RO

Vs:_(lx +Agva)(RE l R) (2)
or A RIR) =1 (Re [IR)

Now:

(D

V V
Iy =9, A LY, + X +—=

R
1 _IX(RE”Ri) Vx
l, = || xA e |, TX
x [gmAgr”+R0]L+A;(RE||Ri)}Ro
\Y/
ROf &

_ L) _RellR)
% {”[gm%r" ' ROJ{HAQ(RE [ Ro}

Unl. A, = hee Ay =5x10° mS

_ 3
Let e =100 (A, =5x10°mS
R. | R =0.1]20 ~0.1kQ

Then
R ZSO{H[MWJ{%}
50 ) 1+(5x10°)(0.1)
R, =5.04 MQ
o —
12.28
— AZ
1+ By A,
6 AZ
0.20x10° = = A, =1333 V/uA
1+(4.25x107 JA,
R 500
if

0

of =————=75Q
1+,BgAZ

- - =R, =75Q
1+ B,A,  1+(4.25x10°J1.333x10°) "
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12.29
I, =1,-1,=40-38=2pA
aYo 8 4V
I, 2 pA
Ifb 38 },lA
=P -og75 B2
Z vV, 8 v
Vo8 g,V
i 40 p
12.30
a.

———e (— V)

Al

Assuming Vi is at virtual ground

Y
V)=-Al, =1 =-2
(Vo) =-A A

v,
V,=(lg— )R, = IR, —| -~ R,
( ) [Azj

So
v{niﬂ:lsRF
A Vo . Re AR
=0 -
) {HRF} AR,
SO AZ
A= All :1+2ﬂ
1+A | — ’
RF
or
1
,Bg_R—
b F
sx10¢ = —X10°
. 1+(5x10%),
5x10°
5x10* -
ﬂgzwbﬁg=1.98x105

R. =L =R =50.5 kO
By —————

g
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4 A=009)5x10°)=45x10°

6
Ay = 200 _ 4 994x10°
1+(4.5%10°)(1.98x107")
A
A :—55'49349:—1.11><10’3:>—O.111%
A, 5x10

12.31

——— (— V)

V] = IgRH _VO :_Azla :>VO = Aﬁlv
s and Vo=V, —1Re
“Al =V =5 - 1)Re

Vil_y _ Vi
—AZ[RJ_VI ISRFJ{RJRF

A R
ISR =V, | 1+ +—
S 1|: R R

Iy =15 -1

Ry = \ILI = Re
s [1 + A + F}
Ri Ri
We have
50.5x10°

+
10x10°  10x10°

__505x10"
[1+500+5.05]

Rif - 6 3
{ 5%10°  50.5x10 }
1+

R, =99.79 Q

12.32

(@) Low input R= Shunt input
Low output R = Shunt output
Or a Shunt-Shunt circuit

(b) High input R=" Series input
High output R = Series output
Or a series-Series circuit

(¢)  Shunt-Series circuit

(d)  Series-Shunt circuit
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12.33
@ R (max) = R (1+T)=10(1+10*) = R (max) = 10° kQ
R, (min) = R___10 =107 kQ
1+ 1+10
Or R; (min) =1Q
(b) R,(max) = R,(1+T)=1(1+10*) = R, (max) = 10*kQ
R, (min) = R, __1 - =10"kQ
1+T 1+10
Or R, (min) = 0.1Q
12.34
_k
Overall Transconductance Amplifier, Vi Series output = current signal and Shunt input = current
signal. Also, Shunt output = voltage signal and Series input = voltage signal. Two possible solutions
are shown.
v, (i) (i)
— Series-Series > — Shunt-Series =
v (v) ()
— Series-Shunt — — Series-Series
12.35
g =02mA, 1, =M=18.2k9 , On =—2=7.692mA/V
0.2 0.026
(a)
. .
+ [ 1 <L L
v fe ANV S l/ri,,}c.’.
e L B L,J
24
Vi AP i

\Y Vv, -V 1+h
(1) 7!+ng __o A :V”( + FE]

E " RZ rn
\ AV_-V
(2) _T — v E 0
r, ot I,
V,-V, V, V,-V,
B 2—2+ A4+ A _T-9
R2 Rl Ri

) V.=V, -V,
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From (1) Vo —Vu _(1+he ] AV_ -V, (s AV. -V,
" R r IR +r AR, +r,

2 Fd s} Fd

V, -V, +V AV -V
M RAC E:(l+hFE{—“ s J (Eq. 5)

Using (4), R it

2 o 2

V, VY,
From (3), V,, L+L+L =904t
R2 Rl Ri RZ R

V

o|<

i Ve R
(v, v)( T Loj
(v, =v_)1.1333)=V,(0.10)+V (00333)

We find, V_ =V,(0.9706)-V,(0.08824)

From Eq. (5) above,
Vo _Vi+(1+hFE)‘/o (1+hee) AV Ve
R, R, +r, R, +r, R,
VooV, 141 v, - (i0°
10 0.5+182 0.5+18.2 10
7.640V, -V, (0.1)=7.540x10°V_ = 7.540x10° [V, (0.9706) -V, (0.08824)]

6.653705x10*V, =V, (7.318235>< 10°)

\Y
Then —%=11.0
Vi
AV, -V, ]

(b) From (2), V, = r{
R, +r,

1+hFEJ

From (1), V, =V, + RZV”(
AV =V, J

V, =V, V. )+R,(1+he {W

Vv, |:1+M} =V, +V{M_1} (Eq. 6)
R, +r R, +r,

0 n

From (3),
V V
VA L+L+i = _°+_'
R, R R R, R
V
R

V.
(Vi _VE {L_{—L_'—LJ :_O+_'
RZ Rl Ri 2 Ri

Then, using Eq. (6),

V. +VE|:R2(1+hFE)AU _1:|
R, +r

1
Vi[L+LJ_V{L+L+Lj:L ot
R, R, R, R, R ) R, 1+R2(l+hFE)
R, +r,
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1|V, +V_{7.540106x10°
Vi(l.lo)—VE(l.1333)=E{ ! (75401 )}

V,(1.098674)=V_(1.1333+1.0x10* )

V.
So —=9.103x10°
V

€

V.
Then R, =Ri[v—')z(30x103x9.103><103):> R, =273MQ

€

V.V, -V
() 1, +g,V, +—Z=="2—-4~
r. R,
AV_-V
From (2), V, =r | ——<—*
R, +r,
1+h vV, -V
Then, IX+(+ FE)(AUVE _Vx): x ~Va
R,+r, R
Now, V, =-V_ and V_ =-V,(0.08824)
141 V, V,(0.08824
So, |x+—[105(—0.08824VX)—VX]=_X_M
0.5+18.2 10

I, =V, (0.091176+6.654x10*)

\Y
Ry=-—"=15uQ

of
Ix

12.36
a.  Neglecting base currents

le, =0.5mA,V,, =12—-(0.5)(22.6)= 0.7 V
I, =0.5mA =V, =0

Thel’l IC3 =2 mA
g Ve 0000026) (o
b I, 0.5
0.5
= =——=1923mA/V
gml gm2 0,026
0000026 _ 510
2
Ups = ——— =76.92 mA/V

0.026
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zl 7l

1
(A +V;zz)(r+ gml] =0=V, =-V,

zl

Vi = h(Rs + r;rl)_vzrz +Vb2
r

7l

V, =V, [14—&] -V, +V,,
r

7l

or

But V., ==V,

SO

vV, =V, [2 + &J +V,,
r;rl

()

V, V,, -V,
2+ Vo + = t=0
Re Fes (3)

\Y, VvV, V,-V,

Lo gy, = Yot

73 L 2

Vs =V, =V,

SO

1+h 1 1 V
~V))| —FE =V | — 4 — |-b2
R e R A

L 2 (4)
V—bz _VO +\£+\i =0
R, R r

al

()
Substitute numbers into (2), (3), (4) and (5):

1
Vi = _V/zz (2 +§j +Vb2

V, =V, (2.192) +V,, 2

11 1
V| — +— [+(19.23V_, -V, — |=0
02(22.6 1.3j( Ve °(1.3j
V,,(0.8135)+(19.23)V_, —(0.7692)V, =0

101 101 1 1 1
V| — |=V,| —+—+— |-V,,| —
"2[1.3j 0(1.3 4 soj bz(so}
V,,(77.69) =V, (77.96) -V, (0.02)

1 1 1 1
Voo | =+— |-Vo| = |+V,n| =—|=0
bz(50 10] °(50j ”2(5.2]

V,,(0.120) -V, (0.020) +V_,(0.1923) = 0 (5)

“4)

From (2): Voo =Vi V02 (2.192). qupstitute in (4) and (5) to obtain:

4)
IV, +V_,(2.192)](0.120) =V, (0.020) +V_, (0.1923) = 0

V,,,(77.69) =V, (77.96) - [V, +V._,(2.192)](0.02)

So we now have the following three equations:
V,,(0.8135)+ (19.23)V._, — (0.7692)V, =0
V,,(77.69)

=V, (77.96) -V, (0.02)~V_,(0.04384) (4")
(0.120)V, +V_, (0.4553) -V, (0.020) =0 (5"

From (3): Voo =V4(0.9455) =V, (23.64). gpstitute for Y in (4") to obtain:

(€)

€)

5"
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(77.69)[V, (0.9455) V., (23.64)] =V, (77.96) —V, (0.02) ~V_, (0.04384)
or

0=V, (4.504) -V, (0.02) + V., (1836.5)
Next, solve ) for Ve

(0.120)V. +V_ (0.4553) ~V, (0.020) = 0

V., =V, (0.04393) -V, (0.2636)

Finally,
0=V, (4.504) -V, (0.02) + (1836.5)[V, (0.04393) -V, (0.2636)]

0=V, (85.18) -V, (484.12)

So
V, 484.12
=0 _ = =5.68
A V, 8518 A =568
12.37
A Ru=RI[[R,=400]75=632kQ

R 75
V., = 2V =|l——"—1|(10)=1.579 V
™ (RI+RJ ce [75+400j( )

1.579-0.7

b1 = ———————=0.007106 mA
63.2+(121)(0.5)
e = 0.853 mA
Ve, =10-(0.853)(8.8) =249 V
I, ~ 28907 _ 497 ma
3.6
V., =10—(0.497)(13) =3.54 V
o R w =2.03 mA
14
Then
- (120)(0.026) 5 (1 )
0.853
083 simAsv
0.026
- (120)(0-026) _ 1o\
0.497
9., =27 1912 mAa/v
0.026
- (120)(0.026) _, <\ ()
2.03
g, =25 _ 7808 mA/V
0.026
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Vi :V/rl +V£l 3V,s‘l :Vi _Vﬂ'l (1)
h‘* IV = Yo +V51 Yy

P2l El RF (2)
V/rz = _(gmlvzrl)(RCI || r/zz) (3)
VotV Vo

ngV/IZ + O

C2 s (4)
Vas FOniVos = A3 + Yo~V
s RE3 RF (5)

Substitute numbers in (2), (3), (4) and (5):
)y L L)Y

Vo (3.66 +32'Slj =W V”l)(o.s N 10) 10

or Ve (35.18) =V (2.10) =V, (0.10) @

V., =—(32.81)V,, (88 6.28)
Vo=V, (1202) 5

or

(19.12)v_, +V”3 +V—°+ Ve _

13 13 1.54

or

V,,(19.12) +V,_,(0.7263) +V, (0.07692) = 0 )

v, (st.osj =V, (i+ij—vi A

1.54 14 10 10

or

Vs (78.73) =V, (08143) -V, (0.10)+V,,(010) (5

Now substituting Vio =V, (1202) 4 4):
(19.12)[-V., (120.2)] +V_, (0.7263) +V, (0.07692) = 0

or
-V_,(2298.2)+V_,(0.7263)+V, (0.07692) = 0

Then
V., =V (3164.3)-V,(0.1059)

Substituting Ve = Ve G1643)~V,(0.1059) 1 5.

(78.73)V.,, (3164.3) -V, (0.1059)] =V, (0.8143)—V, (0.10) +V_ (0.10)
or Y (249%10°) -V, (9.152) = -V,(0.10)
Then

V., =V,(3.674x107°) -V, (4.014x107)

_ -5
Now substituting Vr1 = Vo(3-674x107)
-7
(35.18)[V, (3.674)x 10~*) ~V, (4.014x10 )]
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=V, (2.10)=V, (0.10)
or Vo(0.1013) =V,(2.10)

V—O =20.7
So Vi
Vi
o= o
c i and 'i ~ 'R8I bl
v
lper = R
Bl
Vﬂ'
Im = Tl
1
Now

V., =(20.7V,)(3.674x10°) =V, (4.014x107)
V., =V,(7.60x10™*)

Then
v
Rif = )
63.2 3.66
_ 1
0.01582+2.077x10™*
R =62.4 kQ
or ———————

d.  To determine Ror:
. . : V_ +V,
Equation (1) is modified to "=t ™ "et
Ves (78.73)+ 1 =V, (08143)+V,,(0.10) (5

Now
V_,(35.18) = -V, (0.10) @)

Voo =-V,(1202) 5

V_,(19.12) +V_(0.7263) +V, (0.07692) = 0 @)
Now
V., = -V, (0.002843)
SO
V,, =—(-V,)(0.002843)(120.2)
V., =V,(0.3417)
Then
V,(0.3417)(19.12) +V_, +(0.7263) +V, (0.07692) = 0

or Ve = V0100

So then
-V, (9.101)(78.73)+ 1,

=V, (0.8143)+(0.10)(-V, )(0.002843)
or

I, =V,(717.3) )
or

Ry, =0 —0.00139 k2 = R,, =139 Q

I

=0 (V,=0) Equation (5) is modified to:
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12.38
(a)
M v
Ay
2
Vi -V, +g,V :V7A+VA_VO
ml "zl
(1) I RE RF
st-}_gmlvﬂl +V7820
(2) C1 [
V70+ ImoVors +VC mt =0
(3) Rcz s
V, -V
OmiVos + & =—0A
(4) 73 RF
Va=Vi=V, V, =V V,=V.-V,
1 VvV, V,-V,
(Vi _VA)[+gml\J_A+ A2
(1) I Re R:
1 1
Ve (+j+ 0mV,=V,)=0
(2) Re I

V,
Ve {1+1J+ OnaVe ——==0
(3) RCZ r/r3 rzzS

(Vc Vo )[gms +I’lj :u

(4) 3 RF
- _1000O.028) _ 1ok g =143 550 mav
143 0.026
o :W:O,Sﬁ K 0., :ﬂ:US mA/V
4.62 0.026
”ZZW:()_%ZK gm:ﬂ:172mA/V
: 4.47 0.026
-V,
\Z —VA)[;-FSSOJ: Vo YaVo
(1) 0.182 0.05 1.2

Ve [é+ 0 5163
(2) . .

j+ (550)(V; ~V,) =0



Microelectronics: Circuit Analysis and Design, 4™ edition

Chapter 12

By D. A. Neamen Problem Solutions
Ve [L-ﬁ- ! j+178 Vg ~ Vo =
3) 0.65 0.582 0.582
1 V, -V

V. =V, )| 172 =2 A
4) (Ve °)( +0.582j 1.2
(1) M ~Va)(555.5) =V, (20)+(V, ~Vo )(0.8333)
@) Ve(5:109)+550(V,-V,) =0
3)  Ve(257)+178V, ~Vo(1.718) =0
@) Ve —Vo)173.7) = (Vo -V,)(0.8333)
(1) Vi(555.5)+Vo(0.8333) =V, (576.3)
@) Ve(5:109)+550V, -V, (550) =0
3y VeB257)+178V, ~Vo(1.718) =0
@) VeT37)+V,(0.8333) =V, (174.5)
From (2) V, =V, (107.7)-V,(107.7)
From (4) V, =V, (1.0046) -V, (0.004797)

Substitute into (3)

(€]

V,(3.272) -V, (0.01562) +V, (19170.6) -V, (19170.6) —V, (1.718) = 0

257)[V, (1.0046) ~V,, (0.004797)]
+(178)[V, (107.7) =V, (107.7)]-V, (1.718) = 0

V,(19170.6) =V;(19170.6) -V, (1.554)
V, =V, (1.00)—V, (0.00008106)
Substitute into (1)

V,(555.5) +V, (0.8333) = (576.3)[V, (1.00) ~V, (0.00008106) ]

=V,(576.3) -V, (0.0467)

V,(0.880) =V, (20.8)

V

2= =236

V, Ar
Ideal

A, = RetRe 124005 0,

R 0.05
le :ﬁ Ii :Vﬂl _Vi _VA

(b) I and Vot Fai
We have

V, =V,(1.00) =V, (0.00008106)

=V,(1.00) - (23.6)V, (0.00008106)

V, =V,(0.99809)

Then i
if

To find Ror set

| Vi(1-099809)

=V,(0.01051)
0.182

=— 1R =951K
V,(0.01051) =

V, =0
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Vv, -V,

X

V
Iy +0,,V,, +—==
X gm3 73 RF

3

V. =V =V,

b+ (Ve =V, (G + ) =

z3

Vx _VA
RF

For Yi =0 we have

V. =V, (1.0046) -V, (0.004797)

V,(576.3) =V, (0.8333)

V, =V, (0.001446)

V. =V, (1.0046) -V, (0.001446)(0.004797)

V, =V, (1.0046)

V, (1-0.004797)
B 1.2

1
I, +V, (1.0046—1.0)| 172 +
x Yl )( 0.582)

I, +V, (0.7991) =V, (0.8293)
I, =V, (0.03024)
R, = \I/—X =33.1K

of
X

12.39

1
V, = —Zz)gs2 + 2V0
Also +° + 004, +——=0
1 2 D
TS R
- gm RD Rl + R2

2V, (1 1 1
—+ +—=V,
gm RD Rl +R2 2

Wehave R, +R, >>R,

Then V, =




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 12
Problem Solutions

Vi;VO( 2 +lj
ngD 2

:!ﬂ— 1 ngD
\%

2 +1 (2+lngDj
ngD 2 2

Now g, =2,K,lp, =21(0.5)0.5)=1.0 mA/V

A

of

PR R
{2+(1)(7)}
2
12.40
(a) Neglect base currents
Ve -V,
GGRL =5 o +1c,
5-Vp  5-Vp
Ip = =
Ro, 5
. 5-(Vp +0.7)  43-V,
< Ry 1.6
43-(5-5I
Vp =5-51, =1, :%:_0-43754'3-125'01
2.5-V
Then TGS: I +(=0.4375+3.1251 5, )

3.025 =V +4.951 5, =Vgg +4.95(K,, Vg —0.5)°

We find 7.425V2 —6.425V, —1.16875=0 =V, =1.0197 V

Then 1p, =(1.5)1.0197-0.5)* = 0.405 mA
lc, =—0.4375+3.125(0.405) = 0.828 mA

(b)

O = 2y/Kpl o =24/(1.5)0.405) =1.559 mA/V
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| :

9 _le 0828 4 g5 A
V;  0.026

r,= Ve _ (120£0.026) =3.768kQ
le, 0.828

(1) Vo = (gmlvgs + ngV;r)RL
(2) Vi =V +V, =2V, =V, -V,

V T
(3) R_A+ gmlvgs =

D1 V4

VotV V
A+ ”+_”+gm2Vﬂ:O
r

E2 T

-V
So —A=V, L1 35 =V, (32.74)
1.6 1.6 3.768

V, =-52.385V,

~52.385V v
(3) — T E 4155V = —=
5 3.768

or 1.559V =V, (0.2654+10.477)
so V, =0.1451V , =0.1451(v; -V, )
(1) V, =[1.559(, -V, )+31.85(0.1451 )V, -V, )I(1.2)

(4)

v
Then A, == =0.8812

(c)Set V; =0

X

I, +0mV, +gm]Vgs :R—
L

V, =-V

gs X

V, =0.1451V,, = -0.1451V,

[ =VX{L+(31.85)(O.1451)+(1.559)}:VX(7.014)

g 1.2
VX
R, =X =143Q
IX
12.41
: ngS
A, =—>m’S
@ @) A, +g R
On =2yK,lpg =2y(1.5)(1.2) =2.683 mA/V
(2.683)1.5)

= ALY - 0.801
U1 1+(2.683)1.5)

, 1 1
(ii) Ry =a||Rs :%”1.5:0.3727”1.5

Ry; =299Q
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(b) (i) g, =24(2.25)1.2) =3.286 mA/V
(3.286)1.5)

= 2P 2 0.8313mA/V
"t 14(3.286)(1.5)

AA ¢
x100% = +3.78%

v f
. 1 _
(i) Ry =5 1.5 =0.3043]1.5
R, =253Q

AR ;
x100% =-15.4%

of

12.42
dc analysis:
Ry, =150]47 =35.8 kQ,

Vim = [%} (25)=596V
Ry, = 33|47 =19.4 kQ,
VTsz[ﬁ](25)=10.3V
_596-0.7
" 358+ (5)(4.8)
lc, =(50)(0.0187) = 0.935 mA
. 103-07
B2 = W =
lc, =(50)(0.03705) =1.85 mA
ro- (50)(0.026)

=0.0187 mA

0.03705 mA

- =139 kQ;
0.935
| (500020) 05y
1.85
g, =223 3506 mA /v
0.026
g, = 7115 mA/V
0.026

,|}.. R j

Vs =V, +V, (1)

I R Re (2)
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Omi Y Vo Vo
Cl Rsz Mo (3)
Rcz RF (4)
Substitute numerical values in (2), (3) and (4):
Ve =Vs =V, (1)

V., 1 1
L1 (35.96\V._, = (Vs —V.)| —+— |-V, | —
39 ( W =V ”‘)[01 47] (4.7]

or
V., (46.89) =V (10213) -V, 0.2128) )

(35.96)\V., +V._, L, 1+Lj=
10194 0703

or
(35.96)\V., +V_,(1.574) =0 3)

1 1
(TLISV,, +V, [4.7 7)—(VS—V”1)(EJ=

(T1.15V._, +V, (0.4255)—V, (0.2128) +V_,(0.2128) = 0 @

or

From (3): Vo2 =~V (22.85)
Then substitute in (4):
—~(71.15)V,, (22.85) +V, (0.4255) —V, (0.2128) +V_, (0.2128) = 0
or
V,,(1625.6)+V,(0.4255) -V, (0.2128) =0
From (2): Ve =Vs(02178)-V,(0.004538)

Then
~(1625.6)[V5 (0.2178) —V, (0.004538)] +V, (0.4255) —V (0.2128) = 0

or Vs (354.3)+V,(7.802) = 0

Finally

:ﬁ:45.4

S

12.43
For example, use a 2-stage amplifier. Each stage is shown in Fig. 12.29.

12.44
k! YW
DQI (TJ(TJ VTN )2
Let all [ﬂj
L
1

0.5= (%J(zo)(ves ~1.5)" = Vgg,, =2.207V

lpgs =2= (0 1](20)(%33 5) =V, =2.914V

Want Vg, =2.914V, then
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12-2914
D =—9= 18.2kQ
[ ?: G5

g miUgst +9g miVgs2 = 0= Ugso = Vg

Vi =0y =0 +Vp =204, +V,

R
V, = 1 -V,
R, +R,

Vo , Vo
R, R/ +R,
Ugs3 = _(g miUgs2 RD )_Vo

1 1
VO(R_L+ R] N Rz ] = gm3(_gmlugszRD _Vo)

1 1 R 1
19} :—V —V = — 1 V __.V_
gs2 2(A |) 2[R1+R2J [¢] 2 i

1 1 1( R 1
V| —+ =— Ry|=| —L— |-V, ==V, |-g,.V
O(RL R1+R2J gmlgm3 D|:2(R1+R2j o] 2 I:l gm3 o]

1 1 1 R 1
Vo|:R_|_+ R +R, +Egmlgm3RD(m)+gm3:|=Egmlgm3RDVi

=0ms Ugs3

1

\/_0 EgmlngD

: Vi L+ 1 +lg g R L +g
R, R +R, 2°™ ™ PR 4+R, | ™™

O =2 (%j(zo)(o.s) =1.414 mA/V

Oms =2 (%j(zo)(z) =2.828mA/V
%(1 414)2.828)(18.2)

1 1 1 15
— —(1.414)2.82818.2 2.828
{ el sy {R . ] }

10 R, +R, R,

Then 8=
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36.389

546.8
R, +R,

8=

{2.928+

=R, +R, =337kQ =R, =322kQ

12.45
I R R
LT S E WD I IR Y
I, 0.06 R, R,
For example, let R, =3kQ, R, =247kQ
12.46

(@ (H)V,= (I or +1o2 )Roz
(2) 1'5Rp; =Vse,

(3) (VG _VR(551)_VA _ |D1
F

Now Vg =V, _(I or +1o2 )Roz =1 Re

And Vg, = Iﬂ_VTP =1y Rp
KP
V1o, (0.3162)+1=1,,(0.525)
o, =15, (1.660)-3.162

I, =15, (1.660)-3.162]

Then Vg —Vg, —[15,(1.660)-3.162] Ry, = 15,(Rp, +R¢)

Ip = Kn(VGSI —Viy )2
7.6 Vg, —[1 5, (1.660)—3.162]7(0.25) = 15,(0.75)
Ip = 10(V651 _1)2

By trial and error, |, =3.98 mA

Then Vg, =I5, Rp, = (3.98)0.525)=2.0895 V

Iy, =(10)2.0895-1)* =11.87 mA

(b)
(jm‘\(f!"h I'Q,N 1
X7 - +
| +V‘;“" \/‘X;;\,\ ‘:}Mtb‘:"'lﬂ.
QlF e
. k=
AVAV A l‘,i
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Io = gm2V592
ngz = gmlvgsl RD1

I, = Va +VA_(_Vgsl)

RDZ RF
V,+V
Ii + gmlvgsl +%:0
F

Vgsl
orV, =-R; Ii+gm1Vgsl+—
Re
( 1 1 J Vgsl
Iy =V —+— |+
Rpo, R Re

Vv \Y
IO = _RF (II + gmlvgsl + gSLJ[ ! +LJ+ el
Re A\Rp, Re Re

V> | 1
Now Vg =—1"—=—2°

gmlRDl gmz gmlRDl

.0Z_RF.E(LLJ_RFVQSIK%;j( ! +LJ—%}
RDZ RF RF RDZ RF RF

R R
Then I{H L (gml AT H:—Ii[n - ]
Im9ImRoi \Rpo  Re ReRp, Rp,

__0 _ _ngRDl
S0 A= l; _1+ 1 +gm2RD1RD2
gml (RF +RD2) I:QF + RDZ
(©) O =2K, 1o =24(10)3.98) =12.62 mA/V
Ome =2/K, 1o, =2y/(10)11.87) =21.79mA/V
—(21.79)0.525)

A= 1 (21.79)0.525)0.25)
(12.62)(0.75)+ 0.75
A =-233
12.47
(a) IQ =lp +1p,
Vser = IpiRp

I, = Kp(VSGZ +Vip )2 = Kp(l o1Rp +Vrp )2
lg = 1o +K,[I2,R2 =21 R, +1]
We find 2.75612, —-9.51,, —6=0
= 1lp =3.99mA and 1,, =12.0l mA
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(b)

li+9mVe +1, =0
Vo, =g VR, SV s
sg2 = ImiVgs1 Rp gsl _gmlRD
Io:gm2V5g2
IO
Im9ImRp

|

li+gy| —————|+1,=0
1(gmlgmzRD]

' - ~g..R
So that A == I —9wPRo

Ii [ 1 j_1+gm2RD
1+
ngRD

We find g,,, =2,/K, 15, =24(10)12.01) =21.92 mA/V

_ —(21.92)0.525)
' 1+(21.92)0.525)

Then V, =

=-0.920

12.48
(a) Neglect base currents

IQ =lg +1e,
VEBZZICIRC

1. R
lo=1lg +1g, exp| ——%
Q cl s2 P( v,

. . I, (200)
16x107° =1, +(107" s
- 1+ 107 Jexp { 0.026 }

By trial and error, I, =3.92mA and |, =12.08 mA
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(b)

I&Cb l';l ﬂ""t Az
4 |+

|0 = ngVIz'Z
Vnz =g mlvﬂl (rﬂ2 "RC )
Then I 0o = g ml g mZVﬂl (rirZ ||RC )

\Y
L+, +9,V,, +—-=0

zl

1
I, +|o+vm(+—ﬂlJ:0

r

7l

IO

g ml g m2 r;zz ”RC

Then |i+|o{1+ ! (Hﬁlﬂ:o
gmlgmz (rnz "RC) rzrl

( Q j<gmzxr,,z||rec)

Now V , =

So A :I—°= 1A
1
l; B
1+ L r.|[R
(14‘,31 (gmz)(;ﬂ" c)
le, 12.08
c =—C2 == 464.6 mA/V
© O V;  0.026
i .
r, =BV (180)0.026) _ 36741 )
le, 12.08

r.o||Rc =387.4[200=131.9Q
180
— [181}(464.6)(0.13 19)

T80
14| — ||1464.6)(0.1319
+(mj< Yo.1319)

=-0.984




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 12
Problem Solutions

12.49
le, = e le, =(@j(0.2) =0.198 mA
1+h, 101
Vg, =10—-(0.198)(40) = 2.08 V
o =20507 g
I, =(%](1.38) =137 mA
(a)
For Q:
. (100)(0.026) _ 21\ 6y
0.198
U = 0198 _ ;62 mav
0.026
For Qi
- (1001)(0.026) 190 kO
O = 137 _ 52.7 mA/V
0.026
(b)

Rei E )

gm 72
[ n Re Re (3)
Substitute numerical values in (1), (2), and (3):
IS :V”1 (L+L+ij_ve [ij
10 13.1 10 10
I, =V, (0.2763) -V, (0.10) )

(7.62)V,, +V_, (i + Lj +V, (ij =0
40 1.90 40

(762N, +V,,(0.5513)+V,(0.025) =0 )

V., (Lmnj -y, (hij_vﬂ (Lj
1.90 1 10 10
V_,(53.23) =V, (1.10) -V, (0.10) 3)
From (3),
V, =V_,(48.39)+V_ (0.0909)

Substituting into (1),
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Iy =V, (0.2763) — (0.10)[V, , (48.39) +V,,(0.0909)]

or
I, =V,,(02672)-V,, (4839) (1)

and substituting into (2),

(7.62)V,, +V,,(0.5513) +(0.025)[ V,, (48.39) +V,, (0.0909) | = 0

or
(1622, +V,,(1L761) =0 =V, =V, (02310) )

Then substituting (2') into (1"), we obtain
I =(0.2672)(-V,,)(0.2310)-V._, (4.839)
or
Ig =-V_,(4.901)
Now

R
| =g V.| ez
(0] ng ”Z(RCZ‘FRLJ

2
=—(52.7 V_, =—(42.16)V
EEYEET —

Then

or

Vi =V, (02310) 4 1g =-V,,(4.900)

)
I =—[i](4.901)=v (21.22)
0.2310 i
Then

=X = L =0.04713
21.22

Finally

10R;
0.04713 = =R, =474Q
10+Ry, ——mm

12.50
(@

(1)

@)

(3) |9 E2 RF
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R
Io = _(gmzvnz)( = ]
4) Re, +R.

Now
7l V

r/rl "RF - R_F

| =— Tmt
Ry "RBI

1y

R
V,=|——F—— 1V —-IR
So [RslllelrﬂllRp] S

Now, from (2)
szZ +Ve2 +V/z2 — 0
Rcl "RBZ S

gmlvﬂ'l +

1 \Y) Y
O +— |V, + - +—2 =0
(2)1 [ 1 r/rZ ] 1 RC] "RBZ ||r/r2 RCI " RBZ
Also

(gmz + IJV”Z + h =V [1 + 1}
Q3 Fe2 Re Re, Re

And

V. = (IOJEWJ
72
(4)' Im2 Re.

Substitute (1)’ into (2)" and (3)’

1 V 1 R
O +— |V, + 2y 2 “Va—liRe |=0
[ ] L) J ] RC] "RBZ "r/IZ RCI "RBZ I:Rs ||RBI I "RF l i :|

1 \Y 1 1 R
Ak e et Pt AL
Gy s o L RelRu R

Solve for Vi from (2)" and substitute into (3)". Also use Equation (4)'.
Ry =R R, =20[80=16K

(2)”

(b)
20
Vi, =| — |10)=2V
TH1 [100)( )
(1 =297 _ooitima
16+ (101)(1)
leq =1.11mA
Rpy, =15|85=12.75K
15
Vi, :[ﬁ](m):l.sv
s> _ 15707 451265 mA
12.75+(101)(0.5)
leg, =1.265 mA
. L 6o may
0.026
_1265 _ 4g 65 mav

™ 70.026
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~ (100)(0.026)
Ll
~ (100)(0.026)
1265
Rei[|Re, =2[12.75=1.729K

=234K

zl

=2.06K

72

Now
Rs [Rsy |11 [Re = Rey |1y [Re =16][2.34[10=1.695K
Ret||Rez [r,» =1.729]2.06 = 0.940K

Now

$2.69+ v Y2y 1110y o)
2.06 0.940 1.729]1.695

Q)" 46.587V , +1.064V_, —5.7841, =0

(ﬂjvfﬂ + Q — (L + Lj[& .V”1 — |i (1 0):'
2.06 10 0.5 10/]1.695

Gy 490N, =1229v,, 211,

From (2)" Ve = (0-1242)1; - (0.02284)V ,

Then

3)" 49.03V_, = 12.29[(0.1242)|i —(0.02284)V”2:|—21|i
4931V, =-19.471,

v,,zz—[ Lo ][4+4j=—(0.0411)|0
From (4 48.65)\ 4

Then
(49.31)[-(0.0411)1,] = -19.471,

'I—°:A, =9.61

12.51
Ry =13.5]|38.3=9.98 kQ
13.5
V,, =| ——=—|(10) =2.606 V
™ (13.5+38.3j( )
- (120(2.606-0.7) _, oo
A 9.98 +(121)(1)

Ve, =10-(1.75)(3)=4.75 V
_475-07

le, = = ———=0.50 mA
(202000020 oo
1.75
175

Uy =——=6731mA/V
0.026

~ (120)(0.026)
0.50
~0.50

= ——=1923mA/V
0.026

=6.24 kQ

2
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b.
T +
Ve Res
Vs _an _ Virl V/rl _Vez
Rs RB || L RF (1)
Omi Vo +V”2 Ve +VL2 =0
RC] | (2)
VLZ_,’_ gmzv7r2 — V&Z +Vs2 _V/rl
I RE2 RF (3)
and

Vo ==(9mVi2)Re, 4

Substitute numerical values in (1), (2), and (3)
V_S:V”l L+V+]+L _\ﬁ
0.6 06 998178 12| 12
V. (1.67) =V, (4.011)-V,,(0.8333) )
(67.31)V,, +V_, [1+Lj +VL2 =

3 6.24 3

or

V., (67.31)+V.,(0.4936)+V,,(0.3333) = 0 2

L+19.23 :Viz-rviz—viz
6.24 81 12 1.2

\Y

7l

or
V,:(1939) =V, (0.9568) -V, (0.8333) 3

From (1)
V,, =V (4.813)-V(2.00)
Then
V_,(67.31)+V_,(0.4936) + (0.3333)[V, (4.813) —V, (2.00)] = 0

or
V_,(68.91)+V._,(0.4936) -V, (0.6666) = 0 @)
and
V,,(19.39) = (0.9568)[V,, (4.813) -V (2.00)] -V, (0.8333)
or
V_,(19.39) =V_, (3.772) -V, (1.914) 3)
We find
V., =V (0.009673)-V_, (0.007163)

Then
V_,(19.39) = (3.772)[V5 (0.009673) —V._, (0.007163)] -V (1.914)

V,,(19.42) =V (-1.878) | V,, =-V,(0.09670)
so that
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V, = —(19.23)(4)(-V; )(0.09670)

Then
Vo 744
Vs
12.52
Re = \i
Using the circuit from Problem 12.51, we have ls
VS _szl
|g=-3 Tt
Where Rs

From Problem 12.51
V., =V,(0.009673)—V._,(0.007163)
=V, (0.009673) — (0.007163)(-V, )(0.09670)
=V, (0.01037)
So
R _Vs(0.01037)-(0.6) _ 10620 100
V, -V, (0.01037)

or
R, =6.29 Q

12.53
Ry, =1.4(17.9=1.298 kQ

1.4+17.9
o= 0.7254-0.7
. 1.298
I, =(50)(0.0196) = 0.98 mA
Neglecting dc base currents,
Vg, =10—(0.98)(7)=3.14 V

Vo, = (L](m) =0.7254 V

=0.0196 mA

B0 e
0.25+0.5
I, =(@j(3.25)=3.19mA
51
- (50(0.026) _, 1316,
0.98
g, =22 377 mA/v
0.026
= COO-020) _ ) 408 k2
3.19
3D smasv

92 =5 026
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VAN
Ry
_ V/!l Vm _Vl
S RIRIL R 1)
\Y V_,+V,
gle”1 + 72 + 72 + e2 :0
2 Re )
V., -V,
LZJ'_ ngVﬂZ ezR ]
72 El (3)
Ve2 _Virl :71+V1 _Vm

“4)
Enter numerical values in (1), (2), (3) and (4):

szl V;n _V]
s = +
17.9(|1.4(11.33 5
or
I =V, (1.722) - V,(0.20) ()
BTN, 4z Y Ve
0.408 7
or
VaB7.7) 4V, (2.594) 4V, (0.1429) =0 5y
Vor +(123)V,, VeV
0.408 0.25
or
Var(125.5) =V, ()-Vi(A) (3
Ve2 _Vl — V1 +V1 _an
025 050 5
or

V,,(4) =V,(6.20)-V_,(0.20) (4)
From (4):
V,, =V,(1.55)-V_,(0.05)
Then substituting in (3):
V_,(125.5) = (4)[V,(1.55)-V_, (0.05)] -V, (4)
or
V_,(125.5) =V,(2.20) V. (0.20) 3
and substituting in (2):
V., (37.7)+V,, (2.594) +(0.1429)[ V, (1.55)-V,, (0.05) ] = 0
or
V_,(37.69) +V_,(2.594) +V, (0.2215) = 0
Now
V, =-V,,(170.16) -V, (11.71)
Then substituting in (1):
I =V, (1.722) = (0.20)[-V,, (170.16) =V, (11.71)]

2
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or
I =V, (35.75)+V,, (2.342)

and substituting in (3"):
V_,(125.5) = (2.20)[-V.,(170.16) -V, (11.71)] -V, (0.20)
V_,(151.3) =-V_ (374.55)

or V., =-V_,(0.4040) so that
Then
Ig = (35.75)[-V.,(0.4040)] +V_,(2.342)
Ig =-V,(12.10)
R
ly=—(9V c2
0 (gm2 712)[ RCZ + RL]
2.2
=—(123 V , =—(64.43V
( )[2.24_2) 2 =—( V.o
op Vo2 =—(0.01552)1,
Then
L SN
Io (0.01552)(12.10) I,
12.54

For example, use the circuit shown in Figure P12.49

12.55
V.-V, V-V
(a) L _ L [¢]
R, R,
\Y% V.
_O:VL L_f_i 1
R, R R ) R

R.) (R,
So (1) V, :VL[HR_J_(R_I}/i

R, R
So (2) V, :VL(1+R—3+—3]

Then, from (1) = (2)

R R R, R
VL(1+—FJ—(—F)\4 =VL(1+_3+_3J

Rl R1 RL R2

R R, R R
VL(1+—F—1——3——3J = (_F}/I

Rl RL R2 Rl

Now V, =I,R,

|RR_F_&_&_R_F
°“{R, R, R,) |R J'
1 L 2 1
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RF
IO Rl
M=V SRR R, R
i LR g Ll
[ Rl ’ R2 )

R R
b) Set —/— =—
(b) = TR

1

2
R
R -R
Then Ay, =——=—"

_Rs R1R3
| —
Or Ay o -t
Vi RZ
I -
(c) For lo _ gsmAav=_l= R, =2kQ
V, R,
Re R,
For R—:R—, set R, =2kQ and R, =R =10kQ

1 2

12.56

(a) Vo, =3-(1)1.6)=1.40V, V., =(1)1.6)=1.6V
logs = K, Vegs +Vip ) =(10)1.6-0.5)* =12.1mA
Vg =(12.1)0.248)-3=0

(b) gmlvgsl + gmlvgsz =0 :>Vgsz =-V
ngz = gmlvgisD
|o = gmBng3 = gmlgm3RDVgsl
V, =V —Vg, +1,R, =2V
v, _Vi —ZIORL

Io :gmlngD(

gsl

gsl + IoRL

V,-1,R,
2

| 1+ gmlngRDRL — gmlngRD V.
0 7 2 i

_ Io _ gmlngRD
Ay =2=——mEm. Db __
Vi 2-'—gmlgm}RDRL
© G =2/K,lpq =2¢(2)1)=2.828 mA/V
O =24/Klpgs =2y/(10)12.1) =22 mA/V
~ (2.828)(22)(1.6)
9T 24+(2.828)(22)(1.6)0.248)

=3.73mA/V
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12.57
r,=624kQ,r,=312kQ,r, =1.56 kQ

> 73

9, =19.23mA/V,g,, =38.46 mA/V,
G, =76.92mA /V

l’.
S
VA

Vs =V +Vo (1)
\Y V Vv, -V
L]""gmlv;rl = +-8 =

L El RF (2)
Voo ==0nVau(Re, [I122) (3)

V .+V, \Y
OmoVor + SRAL +—2=0
c2 Fes (4)

\Y V V,-V
L3+gm3V,,3 _ Re3 4 e3R el

73 E2 F (5)

Enter numerical values in (2)-(5):

Vo +(19.23\V, =V, (i+ij =V (L]
6.24 0.1 0.8 0.8
or
V,,(19.39) =V, (11.25)-V,,(1.25) 2
Vo, ==(19.23)V,,(5]13.12) = ~(36.94\V,, 3
1 1 1
3846V _, +V_ | —+—— |+V,|=|=0
( ) 72 7[3[2 1.56] 83[2j
or
V. (3846)+V, (114D +V,, (0.9 =0 4y
PN R ESER NN
1.56 0.1 0.8 0.8
or
V_,(77.56) =V, (11.25) -V, (1.25) 5)
From (1) V/rl :VS _Ve]
Then
(Vg -V, )(19.39) =V, (11.25) -V, (1.25)
or Vs (19.39) =V,,(30.64) -V, (1.25) @)

V.. =V, (36.94)+V,, 3694) (31
(38.46)[-V,(36.94) +V,,(36.94)] +V _;(1.141) +V,;(0.5) = 0 @)
From (5) Ve3 :V/r3 (6.894) +Ve1 (0.1111)

Then
V, (19.39) =V, (30.64) — (1.25)[V.., (6.894) +V,, (0.1111)]

or
Vs (19.39) =V, (30.50) -V, (8.6175) )
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and
—V, (1420.7) +V,, (1420.7) +V_, (1.141) + (0.5)[V., (6.894) +V,,(0.1111)] = 0
or
-V, (1420.7) +V,, (1420.76) +V_, (4.588) = 0 @
From (2"):

V., =V, (0.6357)+V,,(0.2825)
Then substituting in (4"):

-V (1420.7) + (1420.76)[Vs (0.6357) +V _;(0.2825)] +V ,(4.588) = 0

~V,(517.5)+V_,(405.95) = 0

Now
L= GniVes =76.92V,5 (V.5 =1,(0.0130)
Then —Vs (517:5)+1,(0. 0130)(405 95)=0
or
Lo _ 98,06 ma/v
VS
1258

Computer Analysis

12.59
71 = I :WZS.ZkQ
0.5
0.5
= =——=1923mA/V
I =02 = 026
- a000026) _ o
2
Ons = =76.92 mA/V
O 026
+ BV
—+ B 3 *Ig
\Y,
L]J'_gmlvzrl +9m2Via =0
N =)
Since e = T2 and G = Ima» then Vai=-V,
Vs =V =V +Vs = =2V, +V,5 )
OnaVrs Vs +M =0
I Re: (3)
VL3+gm3V;r3 :Vi"‘viz

I3 RF I (4)



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 12
Problem Solutions

R
IO :_( = ](gmfivrz})
Re; + R, (5)

From (2): Ves =Vs +2V,,

V”2+VL3+V;r3 +L(\/s+2v”2):0
(19.23) 13 186 18.6

or
(19.23)V._, +(0.8230)V_, +(0.05376)V, =0 3)

1 1 Vv
V.| —+76.92|=| — +2V )+ 22
”3(1.3 J (10)0/5 ) 5.2

or
(77.69)V,,, = (0.3923)V_, +(0.1)V @)

I, = —[LJ(%.%)V”S = —(51.28)V,,
2+1 (5")
From (3'):
V,, = —(0.04255)V_, — (0.002780)V,
Then
(77.69)V_; = (0.3923)[~(0.04255)V._, — (0.002780)V ]+ (0. 1)V,
(77.71V_., = (0.0989)V,
or
V_, =(0.001273)V,
so that
I, = —(51.28)(0.001273)V,
or
|

—% = (0.0653) mA/V
VS
12.60
|
(@) Ay :V—°=RL=3mAN:> R =333.30Q
i E
| hee A
(b) A o o (80)1000) =2.9998875 mA/V

9TV, 1+ (hee )A,R:  1+(30)1000)0.33333)
I, = Ay (5)=14.9994377
_ 14.9994377-15.0

Error x100% = —0.00375%
15.0
12.61
(@ 5=(1+hg)lgoRe +Vegs (0n)+159Rg
5-0.7

lgo = ———~—— = 0.030605 mA
" 100+ (81)0.5) "

leo =2.448 mA, and I, =2.479 mA
Vg =5-(2.479)0.5)—(2.448)1)=1.31V
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vV, V Vv, -V

(b) +—=+h 1, + . =0
C 0 F
\Y
VO(L+i+LJ+hFEIb— =0
RC ro RF F
VIZ = Ibrir
V/T V/T V/T _VO
I, = +—=
Rg T, Re
T rﬂ' VO
I, =1, 1+ +—= |-
g Re Re
I +-=°
I, = F
r r
1+7”+7”
( Rs RFJ
i Vv
1 1 1 ot R0
r
VO(—+—+—J+(hFE z £
Re o Re Re ) 1o fe e
R Re
r
V0 L.ﬁr_i_l,_ 1 1+ ==+ 2
Re r, R Re R:
\Y 1
Now T, _Ya _ 190 4h85k0
leq 2.448
heeV .
r,=—=cT =(80)(0 026)=0.8497kQ
lco 2.448

Then V, l+ ! +L 1
1 4085 10

V,(9.22114)+1,(79.915)=0

100 10

. 0.8497 . 0.8497}{80

Y%
A, =|—°=—8.666V/mA
S
Y%
v, | TR | 8:666
.
(© Ry=-f==2L=r, s F_1=(0.8497 10
[ F .. n 0.8497 0.8497
1+ =+ 1+ =714
s Re 100 10
v %
(d 1, =—+2+h I, +—
RC ro RF +RB||I"”
\% Rq|Ir
l,=—",and V, = —B"” v,
re Re|r, +Re
I R.|Ir
Then X = 1 :L+L+ hi B"/f 4 1
V. Ry R 1, Ur, JRg|r,+Re | Rg|r, +R.

\
_O8497) | gy 08497 Vo
10 10

10
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Rgr, =100]j0.8497 = 0.8425 kO

L1, +( 80 j[ 0.8425 j+ 1
R,y 1 40.85 10.8497 \ 0.8425+10) 0.8425+10
Then R, =0.1186kQ

12.62
(@) () V7 =IpRp +Vgs = KnRD(VGS —Viy )2 +Ves
3= (0.5 50V — 0.8V +0.16)+ Vg
We find 2.5V —Vgs —2.6=0=Vy =1.239V
oo =(0.5(1.239-0.4)° =0.3522 mA

(ii) g, =2,K,lpq =24(0.5)0.3522) = 0.8392 mA/V

V Vo gs
RO +nggs +T:0

(b) (1)

Vv
Q) I, = gSR 2=V, =1.Re +V

Then VO[LJFL}[gm —Rij(lsRF +V,)=0
F

VO[L+ gmj+ 1,(g,Re =1)=0
RD

V, 1-g.R: 1-(0.8392)25)
AZf =I—= =

S —+0, %+0.8392

A, =—-19.23V/mA

\Y
(© I, :R—X+ 9,V and V=V,
D

+0n =%+O.8392

X of

e
RD
R,; =0.962kQ

12.63
1-g,R R
_gm gm
(@ A= =
1 1
—+0, +1
I:QD ngD

As g, >, A =-R;
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1-g.R

(b) —0.95R, =-_9n"F
—

R, *On

237521290 (29)
02+9,

So that g, =4.6mA/V

12.64
dc analysis
R, =24/150=20.7 kQ

v, = (L](lz) ~1.655V

24+150
6o = _L655-0.7__ 00556 mA
20.7 +(151)(1)
s lco =0.834 mA
p = 1500020, e var
0.834
g, _ 0833 4 08 mA/v
0.026
R,
VA
R.\
VAL
1'\ % RH V:.‘ % Fe R!'
e
VS _V/r _ V/r Vzt _VO
Rs RB ” I RF (1)
9.V, + Yo +V° Ve _ 0
A @)
From (1)
Vi = V” l + 1 + L — Vio
5 5 207|468 R.| R
or
V,(0.20) =V, [0.4620+1] Y
F F
From (2):
32.08———|v_+v, [ L+ ]=0
R- 6 R
S0

-V, (0.1667 +1]
v R

” (32.08 —le
F 2
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Then

v, | 0.1667+ -
1 R )|V,
V,(0.20) =| 04620+ — || —~————F 2 |

R
32.08- 1 g
RF

Neglect the Re in the denominator term. Now

E

V, v,
==V == =, (0.20)

S
-V, (0.20)(0.20)R, = (0.4620R, +1
1(0.20)(0.20)R;. =( = ){ 32.08R,
~1.283R? =—(0.4620R, +1)(0.1667R.. +1)—32.08R,
1.206R? —32.71R, —1=0

. 32.71+4/(32.71) +4(1.206)(1)
F 2(1.206)

so that
R. =27.2kQ

-V, (0.1667R; +1)

12.65
dc analysis
Ry =4[[15=3.16 kQ=R,
V., = (ijlz =2526V
4+15
_2526-0.7
Q3,16+ (181)(4)
leg = 0.452 mA
. _ (180)(0.026)
. 0.452

=0.00251

=10.4 kQ

EEE SRR
0.026

Vi _Vﬂl _ an an _Vo
Rs RB H rzr RF (1)
UV + Vo =0
RelIRg I, ©)
IV +V$ =
RellRg Il T, (3)
g.V., 4-\/—0+V—°+V0 Vi _ 0
R. R R

(4)
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Now
R |IRs |IT, =81/3.16/10.4 =1.86 kQ

R, [T, =3.16]|10.4 = 2.42 kQ
Now substituting in (2):

\"
174V, +—=2=0
74Nz, 1.86 or V., =-(32.36)V,,

and substituting in (3):

v
174V, +—22 =0
174V, 1.86

Vv
17.4)[-(32.36)V,, ]+ —=2 =0
(A7H[=32.36)V, ]+ e

3 =(1047.3)V

Substitute numerical values in (1):
& = V”1 i + L + L — Vio
10 10 242 R.) R

Vi(0.10)=V”1[0.513+Rl]_V0

F F

or V”

or

Substitute numerical values in (4):
1 1 \Y,

1
17410473V +V, | =+ —+— |--ZL =0
74X Ve 0[8 4 RFJ R.

V., [ 1.822x10° = |+v,[ 0375+ 2= | =0
R R

F F

-V, (0.375 +1j
Re
vV, =—~  F/

zl
1.822x10* _ L
R

.
so that

v, 03754 1
L RV

1
vi(o.lo)_(o.513+R]

F 1.822x104—i Re
RF
Vo _ g9 v =l
We have Vi or 80
1
—(0.375+Rj
_w:[o_513+i] —Fl _—
80 *|1822x10" - R

E

Neglect that UR: term in the denominator.
_(0S13R +1)(0.375R +1) |

1.822x10*R.
22.775R? = (0.513R, +1)(0.375R, +1)+1.822x10*R.

We find
22.58R? —1.822x10*R. —1=0

—(0.00125R,) =
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o _ 1822x10° +./(1.822x10%)* +4(22.58)(1)

E

2(22.58)
or
R: =0.807 MQ
12.66
Rs (_vp
_\rW .. v
Va | £ J
h@ : QP & 2K
+ AoeVi T
"o V
A ‘ sk
" I
Vs _(_Vd) — _Vd _Vl
a. Rs Re
or
WFl}wMJ
R, R.) R, R )
Vo V1 £+V1 (_Vd)
R R, R.
or
w_m[1+1+1)vd
R ROR R R (g
— VO
and VO = %Lvd or ‘ A)L

Substitute numerical values in (1) and (2):

Viozt.(l_l_i)_’_vis_i_ﬂ:o

10" \5 10 5 10
V,(0.3x107*) +V, (0.20) +V,(0.10) = 0
50 50 10 10/ 10" \10

V,(0.02-107) =V, (0.22) @

or

(1

or

0.02-107°
Vi= 0[ 0.22 J
Then )
and

10-S
V,(0.3x107) +V, (0.20) + (0.10){v0 [%ﬂ =0

V, [03x107 ~0.4545x10 +0.00909 | +V, (0.20) = 0

V -0.2 V
T T

. X
Then ° $
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R, - —vd -V, Ry
Vo= (V) Vg +V,
b. R
V,  21.94v
Vema T 10
Now Av
_ _(21.94x107)(5)
Then —  1-21.94x107*

R; =1.099x107 kQ = R, =10.99 Q
or _—

c. Because of the AV source,
Ry =0

12.67
For example, use the circuit shown in Figure 12.41

12.68
Break the loop .
W
| | L R, ’
R\§| I,I%R, I ék > ’/N,
E S
I =1
V, \
Al +2+—2——=
Now " R R:+R(|R

L (LR
" (Rg+R ) R +R|R

vo—l,(RRJr J (R +R|R)
or

S

Then

A

; 1 1 R +R,
1 i (R +R.|R
{Rl RF+RS||RJ[ Rs ]( P RR)

Rs + R B
[ R"R]{l,( . j(RF+RS||Ri)}_O
L
o,
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12.69

Ry Ry
h‘* IV = Yo +V51 Yy
7l REI RF (1)
gmlvzrl +—7—=0 jVr = _(gm1vn1)(R01 ||r/r2)
R01 "r”z (2)
2 =Vt 50 that
IV +V7”3 al +Q =0
c2 Fes (3)
VL}J'_gm}V/r} . + ‘ _VEI
L RE3 RF (4)
From (4)
Vo [1+1j =V, [1+ gm3j+ -
E3 RF r/z} F
But Vel = _V7!1
Vzr} ! + O3 _V”I
V _ rzzS RF
7_’_7
so Re; Re
Then
_V/[3 —+ gm"ﬂ +£
Vall =49 || 5= T5 | |7
Pl REI RF R [1 1]
E
RE3 RF (1/)
and
V;rs L‘*'gms _h
1 1 r7r3 RF
IV +Vos | o=+ — |+ =0
RCZ r/r3 1 1
R '(FNR]
E3 F (3/)
From (3'), solve for Vs and substitute into (1"). Then from (1"), solve for Vi and substitute into ).
VT
v
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12.70

V. OV, V.-V,
L+ + =0
Rs Fa1 RF (1)
g+ 2 Vo2 2

cl Moz ()
Yaz +0mVor = er""ve .
% RE RF (3)

Assume ., =15.8kQ, g, =7.62mA/V, 1., =2.28kQ, g,, = 52.7 mA/V
Vr[i_}_i_’,ij_vizo
10 158 10/ 10

V. (0.2633) =V, (0.10) )

or

(7.62)V, +V_, L+L +V—9:
40 228) 40

or
Vi(7.62)+V,.,(04636)+V,(0.025)=0

Vﬂz(—l +52.7)=Ve(1+i]—v—'
2.28 1 10) 10

V_,(53.14) =V, (1.10) -V, (0.10)
Then
V_, =V,(0.0207) -V, (0.001882) 3)
Substituting in (2):
V,(7.62) +(0.4636)[V, (0.0207) -V, (0.001882)] +V, (0.025) = 0

or

or
V,(7.62) +V,(0.03460) -V, (0.0008725) = 0

From (1) Ve =V (2:633)

Then
V,(7.62) +V, (2.633)(0.03460) —V, (0.0008725) = 0
V,(7.62)+V. (0.09023) = 0

Vi _ 8445

or 't
Now

T=-Yr 7 445
V

t
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1271
Rry =R|R, =24[150=20.69kQ

R 24
Vi =| =—2— | Ve =| ———|(12)=1.655V
™ (R1+R2j e (24+150j( )

Vi —Vee (0n) 1.655—0.7

I = = =0.0133mA
®¢ Ry +(1+he )Ry 20.69+(51)1)

I o = 0.666 mA
g, =200 _»s5 2 marv
0.026
r, = BN0026) 65110
0.666
=2 _150kQ
0.666

From Problem 12.64, let R =27.2kQ

We see that V, =V,. Let Ry =R|R,|Rq
°o 4 Vo _
LIRe  Re+r.|Rg

) V, = RB—"r” vV
" (Rg|r, +Re ) °

(1) gnVe+

Now Ry =24150[5 =20.69]5 = 4.027kQ; 1,[Ry =1.951[4.027 =1.314kQ

r,|Re =1506 =5.769 kQ

1 1
+
5769 27.2+1.314

(1) 25.62V, +v0[

1314
2) Vo= —27 v =(0.04608)-122.93
@ Ve (1.314+27.2j o =l X v

\
T=-—"L=5.66
V

t

} 0=V, =-122.93V,

12.72

NG RN
(a) ¢=—tan [103] 2 tan [5X104j

At fig =5.1x10* Hz, ¢=-180°
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4
() [T|=025= ﬂ(S:IO ) -
5.1x10* 5.1x10*
TS MR
_ Blsxa0t)
(51.0098)(2.0404)
p=52x10"
12.73

f f
=-2tan™" —tan™"
@ ¢ o (5x103j o (5x105j

At f =7.1x10*Hz, ¢=-180°
li0*)

| [71x10° : L [71x10° ?
5x10° 5x10°

1—M:ﬂ:0.0205

~ (202.64)1.01)
10*

) A,(0)= W =48.54

(d) Smaller

(b) [T|=1=

12.74

f f f
=—tan"'| — |-tan"' —tan”'| —
$=-tan (10“] m (5x104j . (105j

At f =8.1x10* Hz, ¢=-180.28°

T

Determine at this frequency.

|T|:ﬂ(103)>< ! X ! X

8.1x10* Y 8.1x10* Y
1+ : 1+ y 1+
10 5x10

_ p10%)
(8.161)(1.904)(1.287)
4 For B=0.005
[T(f)]=0.250 <1= Stable
b.  For #=005
[T(f)|=2.50>1= Unstable

12.75
(b) Phase margin ~ 80° = ¢ = —100°

f f
=-100=—2tan"'| — |—tan™
/ . [103) . (5x104j

f =1.16x10° Hz

By trial and error,
Then
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. B(5x10%)

2 2 2
1.16x10° 1.16x10°
10 5%10
_ BGx10Y)
(2.35)(1.00)

= B=47x10"

12.76
L
50
B =005
40 =
______ -
30 |- \\\,r} = 0.005
\\
LY
20 -
10—
0 c]c) | . : -
10 friie 1 \ Y}
|
c.  For #=0005
T(H)]=10dB) . f~2.10x10* Hz
Then
[ 2.10x10* L (2.10x10* [ 2.10x10*
p=—tan” | ———— |-tan | — — |-tan" | ————
10 10 10
=-87.27-64.54—11.86
or

$=-163.7
System is stable.

Phase margin = 16-3°
B=0.05,

T(H[=1(0dB) _ f~644x10* Hz
Then

For

10°

- 10° 10°

=-89.11-81.17-32.78
or
¢ =-203.1° = System is unstable.
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12.77

() () o
(a) ¢=—tan (103j tan (IOSJ tan (107j

At fi =10°Hz, ¢=-180°

b =—135°=—tan| —4= |—tan!| & | —tan | 232
®) ¢ (losj [msj (107

fs =10°Hz

|T(f1351=1= ﬂ(5X104)

10° ) 10° ) 105 )’

1+ 1+ — 1+ —

10° 10° 107

4
_ PO g g3wio”

- (100)1.414)1)
5x10*
¢ A, (0)= =351
© A0) 1+(2.83x107 [5x10*)
12.78
10° ,
(a) 100 = == f=999%10"
1+(10% )
-3 5
= 1= pA - (9.99><120 )(10%) :
o) i)
10 10
f f
JH(W) HOS]
f =3.08x10° Hz
Phase
L Lf
¢:—tanlﬁ—tanlﬁ
,3.08x10° ,3.08x10°
=—tan 3 —tan —
10 10
=-89.81-72.01
$=-1618
Stable

(b) Phase Margin = 180-161.8=18.2°

12.79

) )
(a) ¢=-tan (104J tan (msj tan (10°j
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At f =333x10°Hz, ¢=-180°
3
®) ) [T(f0) = 00190")
J1+(333) 41+(3.33) 41+ (0.333)

|T(f,80]:( (0.019%10°) =0.156

33.315)3.477)1.054)

0019 10

P o) )
(”*”J WJ =[5

=-85.236°—50.194° — 6.843°
¢=-142.3°

10°

© A 0)= W:

= f =1.2x10° Hz

(i) [T|=1=

12.80

f f
=-180=—tan' —18°__Dtan' 150
/ 5%10° 10°

f.. =1.05x10° Hz

|- (0.0045)(2x10°)

|, [105x10° ’ L [105x10° ’
5x10° 10°
9

T (21.02)(2.1025)
[T|=f3 =0.204

180

(@)

(b)

System is stable

T|=1- ’

i [

f =3.88x10* Hz

4 4
4 tan” 3.88><130 it 3.88><510
5x10 10
=-82.66—42.41
$=-125.1°
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|- (0.15)(2x10%)
1.05x10° Y 1.05x10° Y
I+ 5%10° b 10°
~ 300
(21.02)(2.1025)
© [T|=6.79

System is unstable

|T|: - 300

(et [l

f =2.33x10° Hz

pm g 233X10° ) 1233310°
5x10° 10°
=-88.77-133.54
$=-2223°
12.81
Phase Margin ~ 45°=¢=-135
§=—135°

=—tan"' [L) —tan™ (Lj —tan! [L) —tan™ (Lj
10° 10* 10° 10°
A f=10"Hz, ¢=-135.6°
T=1

:ﬂ(103)>< 1 X X

4\2 4?2
Plo] )

1 1

X X

Pelio] i)

10 10

_ BU0Y)
(10.05)(1.414)(1.005)(1.00)

or
B =0.01428

12.82

f f f
p=—120°=—tan"'| 2 |—tan"'| —2_ |—tan"" LO( —tan”'
fop 4x10° 4x10°

fl,, =2.31x10° Hz

f120

4%107

)
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4000

231x10° )’ 231x10° )’ 231x10° )’ 231x10° )’
14| 2200 | 220y [ 220y A Y
fop 4x10° 4x10° 4x107
4000

5 2
L+(2*31X10J (1.1548)1.00167)1.0)

|T(f12()] =1=

1=

PD

2.31x10° 4000
fop (1.1548)1.00167)1.09)
fop = 66.8 Hz
12.83

f f
a) f., =-180°=-2tan"'| 2 |—tan~'| &
( ) 180 [104] (loéj

f180 :142X105 HZ
103 103
T(f) = _
{fa) LﬂAﬁ21+@J@y (202.64)1.01)
|T(f180] > 1= Unstable

(b) ¢=-135°=—tan™'| == |-2tan"'| = |-tan” | -
fep 10 10

fs =0.414x10* Hz

|T(f135] =1=

=4.89

10°

0.414x10* )| (0.414x10*Y’ 0.414x10* )’
| SO | DTy | SR
for 10 10

0.414x10*  10°
fop (1.171)1)
fop =4.85Hz

12.84

f f f
=-180=—tan"'| & |—tan'| 18 _ | _tan'| 1
1) an [104j an (5“04} an (105j

fle 28.06x10* Hz

(a)
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|T| _ 500
4\2 4\2 4\?2
14 8.06x10 14 8.06x10 1+ 8.06x10
10* 5x10* 10°
B 500
(8.122)(1.897)(1.284)
(b) [T|=253
T- 500
[1+ jf](u j%)[ﬁ—j f 4j(1+ LS]
© fop 10 5x10 10
Phase Margin ~ 60°= ¢ =-120°
—120 = —tan™ L— tan™' LA‘— tan™' f i tan”' —
fop 10 5x10 10
tan™' s =90°
Assume PD
~ 3
Then f 24.2x10° Hz
500
|T| = 1 = 2 2 2 2
42x10° 42x10° 42x10° 42x10°
T TG S T i T
PD
- 500
42x10° )
1+] = (1.085)(1.004)(1.0)
fop
42x10° N 500
foo  (1.0846)(1.0035)(1.0)
f.o =9.14 Hz
12.85
4
50=—10 50019
() 1+(10%)p
1 (00199)10")

. f . f
I+)— || 1+ ]—
[ i f][ +J105)

Phase margin = 45° = ¢ =-135°
~-135=—tan™"' L—tan’1 LS
fep 10

f =10° Hz



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 12
Problem Solutions

(0.0199)(10%)

52 5\?
P
fop 10

10° _ (0.0199)(10%)

T)-1-

fop 1.414
fo, =711 Hz
10*

20=—— = £ =0.0499
(b) 1+10H 8

T= (0.0499)(10%)
(i)
I+ || 1+]—
711 10
\T\ 1= (0.0499)(10%)

oG )

f =1.76x10° Hz

L [1.76x10° L [1.76x10°
g=—tan | ——— |-tan | —————
711 10°

=-89.77-60.40
$=-150.2
Phase Margin =180-150.2 = 29.8°
12.86
(a) A, =100 dB= A, =10°
10°
20=——= £ =0.04999
1+(10°) 8
(0.04999)(10%)

(ot f f
T 1 j— |1+ j—
[”fmj[”wﬁj[”le

Phase Margin = 45° = ¢ = -135°
o f o f O
-135=—tan” ——tan” ——tan —
fep 10 10
f ~10° Hz
(0.04999)(10°)

6 )2 6\? 62
P (i)
fop 10 10

(0.04999)(10)

T[=1=

1=

1+[1f°6] (1.414)(1.005)

PD

10°  (0.04999)(10%)

foo  (1.414)(1.005)
fop =2.84 Hz
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10°

S=————= =0.19999
(b) 1+(10°) 8

(0.19999)(10°)

J”UJJI+(I;]2J1+(U

f =2.25x10° Hz

T=1=

b (2255100 (22500 (20510
10

284 10°
=-89.99-66.04—12.68
¢=-168.7

Phase Margin =180—-168.7 =11.3°

12.87
. T(0)=100dB=T(0)=10’
5
T(f)= 10
(1+ji](l+j f j(H—j f j
10 5x10° 10x10°
|T|:1:
=10°x ! X ! x !

2 2
1+[fj 1+[7f 6) 1+(7f <
10 5x10 10x10

By trial and error
f =0.976 MHz

g —tan [ QIT6X10°)_(0976) (0976
10 5 10

=-90°-11.05°-5.574° = -106.6°
=180°-106.6° =73.4°

Phase Margin
o1 10 75
fo oo — FTERET
b. Fso m 20
or
fp, =2.67 Hz
Now
T=1-
—10° 1 “ 1

By trial and error
f ~2.66x10° Hz
then
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L[ 2.66x10° [ 0.266 . (0.266
$p=—tan | ——— |-tan | —— |—tan | ——
2.67 5 10

=-90°-3.045°-1.524° = -94.57°
=180°-94.57°=85.4°

Phase Margin
12.88
@ - 1 _ 1
" 27(Ry|Ru )G 27(2)0.75)x10° x(1.2x107)
f, =243kHz
®) foo = ! !

6= 27(Ry R JC, +Cy) 22(2)0.75)x10° x(C, +C, )
C,+C, =4.863x10"° =1.2x107" +C,,
Cy =0.0486 4 F
(¢) Cy =Ce(1+]A)
0.0486x10™° =C(1001)
C. =48.6pF

12.89

f f f
¢=-120°=—tan"'| 2% | —tan”" 1206 _tan” 1207
feo 4x10 4x10

fl,, =2.05x10° Hz

4000
|T(f120121: > > >
2.05x10° 2.05x10° 2.05x10°
I B N | e Y | 8 e
fop 4x10° 4x107
2.05x10° 4000
fop (1.1237)1.0013)
fop =577 Hz
12.90
5%10°

a) 40= = £ =0.024998
@ 1+ 8(5x10%) d

(b) ¢=-120°=—tan"" Tz —tanl(fLosj—tanl(fl_Zgj
fop 5x10 10
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f,, =2.71x10° Hz

()1 (0.024998)5x10°)
120 — *+—

2.71x10% ' 271x10° )" | (2.71x10° )
| 2P0 | 20y SR
fop 5x10° 107
271x10° _ (0.024998)5x10°)

foo  (1.1374)1)
fop = 24.66 Hz
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13.1
0-(-3
@ Ry, = 3 )=15kQ
k! Yw
I D3 — (TDJ[TL(VSGS +VTP )
0.2= [024](40)(%3 0.4)° =V, =09V
0.9

Rp, = a_9kQ

. l)0 m

(b) () A, =22 =Im g
v 2

d

Om =2 (0 1j(zo)(o 1) = 0.6325 mA/V

A, = [0'6325 j(g): 2.846

, )
(i) A, =—==-g.3Rp,

Uol

=2 (0 04j(4o)(o 2) =0.8mA/V

A, =—(0.8)15)=-12

) A=A, A, =(2.846)-12)=-34.15
13.2
3-0
8) Re,=——=75kQ
@ Re, 0.4

Vgy =0.7+(0.4(05)-3=-2.1V

Rey = %zé_g) =3.6kQ
UO m.
L= 921 (Rc1"Ri3)
d
02 _g615mAn, r M= w:lu kQ

gml O O 6
Ris =I5 +(1+ 3, )Re =11.7 +(181)0. 5) 102.2kQ

(b) (i) A =

A = (9 6215j(3 6102.2)=16.72
~(180)75) _ 14

. _U_o_ _ﬂchz
(i) A, =—= +(1+ 8, Re T1L 7+(181)0. 5)

Uol
(c) A=A, A, =(16.72)-13.21)= -220.9
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13.3 Computer Analysis

13.4 Computer Analysis

135
(a) A:i = gml(rozHrOAHRiG)
g, =12 _ g 769maiv
V, 0.026
o= Ve 80 _ 4 ma
le, 20
M= Var 80 _ 4 ma
le, 20
Rig = +(L+ ﬂn)[Rl ||r7r7:|
o (120)(0.026) _ ¢ ey
0.2
I, = e 064550 ma
R, 20
- (120)(0.026) _ 104 vy
0.030
Then
R =104+ (121)[ 20[15.6] = 1.16 MQ
Then
A, =769(4[4[1.16) = A, =565
Now
V, ==l r; ==(B,1,,)r,; =—Bir, ( R jl
o c7'07 n'b7/%7 n'o7 R1+rﬂ c6
R V,
=-B,0+p)r, | ——|l,;and I, =—2
ﬂn( ﬂn) 07(R1+r”7j b6 b6 Ri6
Then
Vo _ﬂn (1+ﬂn)ro7 Rl
p\/z =3 -
Vor Ris Ri+r,;
AN RPAPS
le, 02
So
—(120)(121)(400)( 20 j
= = A, =-2813
A 1160 20+15.6 A, = 72813
Overall gain = A, - A, = (565)(—2813) = A =-1.59x10°
. (80)(0.026) _ ;04 vy
(b) Ra=2%1 ang 0.020

R, =208 kQ
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and C,, = (10)(1+ 2813) = 28,140 pF

1
fop =
27R,,Cy
Ry =, [roa[Ris = 4[4[1.16 =0.734 MQ
1

fop = 6 12
27(0.734x10°)(28,140x107)
Gain-Bandwidth Product = (7.71)(1.59x10°) = 12.3 MHz

(©)

=7.71Hz

13.6

a. Qs acts as the protection device.
b.  Same as part ().

13.7
If we assume
So breakdown voltage

Vge (0n) =0.7 V, then Vin =0.7+0.7+50+5
~56.4 V.

13.8
0.5x107°
@ Ves, =Veen = (0.026)In[—16] =0.7184V

5x10
15-0.7184-0.7184—(-15)
- 0.5

R, = (0.026) |n(£j =2438kQ
“ (0.03) "10.03

R, =57.1kQ

Vet =Vaen — e Re = 0.7184—(0.03)(2.438) = 0.6453 V

(0) N = 15_0'6;;)'5_(_15) =0.5044 mA

0.5044

[ (2.438):(0.026)In( J: lepo =301 A

IClO

0.5044-0.5
(C) I REF - [—

%x100% = 0.88%
0.5

lero ! (MJ x100% = 0.33%
30

13.9
5-0.7184-0.7184 (-5
(a) Rs = ( )
0.5
R, = (0'026)In 95 1 _su3k0
0.03) " 0.03
Vg =Vaen =0.7184V
Vv

b0 = 0.6453V

=17.13kQ
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5-0.6-0.6—(-5)

b) I... = =0.5137 mA
b) eer 17.13

0.5137

C10

| 10 (2.438) = (o.oze)m( J =l 23022 4 A

(€) loge: (%] x100% = 2.74%

lego ! [mjxmo% =0.733%
30

13.10
(a) I _ 3_VEBZ _VBEl B (_ 3)
REF 80

IF{EF
Vg, =Vag, = (o.oze)ln(mJ

X
By trial and error, g =59.6 £ A
0.0596

I

1,(3.5)=(0.026)In J: l, =119 u A

lea 3x107°

(59.6)=35.76 u A

EE

|4 ZE' REF 5x107%°

Iy =%-|REF =((%))-(59.6)=11.92yA
(b) lper =596 A, 1,=119uA

l, —:% | = 85111%;5)-(59.6)=95.36 uA

I =:i-|REF =%§i—8izg.(59.e)=23.84uA

13.11

| _5-06-06-(-5)

REF — 40

lewRs =V In(lRi]

C10

= lger =0.22 MA

Iy (5) = (0.026) |n[?‘22]

C10

By trial and error;
lepo =14.2 uA

[
log =S = 1., = 7.10uA

w575
ley =0.751 e = Iy, =0.165 A
lcisn =0.25l e = cy30 =0.055 MA
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13.12

21 =IC8+2li=ICg 142
ﬂp ﬂp
|E1:|E2:|[1+ﬂn]
B
I, =1 :l(“ﬁ”jL
B3 = g4 B, 11 4,
|c10:|09+2|(1+ﬂnJ .
By \1+B,

lco =lco +1co 1+i (1+IBHJ( L J
By N By \1+5,

50 = |C{1+(1+ i)( glj[iﬂ =1.,(1.0259)= 1., =48.738 1 A

40 ) 90 )\ 41
I .
le, =1 =" 142 | 387381, 2 =25587 u A
2 B, 2 40

ley = IC{AI%j = (25.587)(@j(ﬂj =25.240 11 A
18, \ B, 41 ) 90

I .

l o :ﬂzﬂzllglglaA
B
| :

s, =ﬂ:25240=0.631yA
B

13.13
Vgs =V 7 =Vge (0N) + 15 (1)
=0.6+(0.0095)(1) = 0.6095

0.6095
ley === ley =122 A

cs = leg =19 LA
see = 0.72 MA

Power = (V* =V )[lc; + log + log + laer + les + Loy
=30[0.0122+0.019+0.019+0.72+0.72 +0.138]
= Power =48.8 mW

Current supplied by V*and V™ = I, + lgg + log + lper + leps + lena
=1.63 mA
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13.14

(a) V,,(min) =-15+0.6+0.6+0.6+0.6 =-12.6 V

V,,(max) =+15-.6=14.4 V
So —12.6<v,, <144V
(b) V,,(min) =-5+4(0.6) =-2.6 V
V,,(max)=5-0.6=4.4V
So -26<yv, <44V

cm —

13.15
l cizn = (0.25)1 or =(0.25)0.5)=0.125mA

0.6
lzo =2—=0.012 mA
RIO = g0

lers = logsn — lay =0.125-0.012 = 0.113mA

B19 5. 200
less =l ago + 1 ggo =12+0.565 =12.565 11 A

-6
Vees = (0.026)"1{%} =0.54474V

= gy = 0.565 1 A

14

0.113x10°°
Ve = (OIOZG)In(lO—“j =0.60185V

Vﬂ — VBE18 +VBe]_9 — O 57329 V
2 2 '

I o = (3 ><10714 )exp( 057329

0.026

j: lew =113 4 A

13.16
80x10°°

I ias
@) Vg =2V, |n[|3—j = 2(0.026)In[—15] =1.22178 V

D 5x10~

1.22178/2
lon =lcp = lsq €XP T 0026

(b) For v, =3V, v, =3V, iL;%zo.SmA

First approximation:
0.3
I — =, =25uA
BN = 100 BN H
I, =80-25=775uA
77.5%x10°°

-15

I

Vg = 2(0.026)In[ J =1.22013V

5x10

0.3x10°°
Ve = (0.026)In(mj =0.63304V

Vegp =Vigg —Vaey =0.58709 V

}: loy =lep =128 4 A
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0.58709

S o1, =51.24 u A
0.026] P a

lep = (8107 )exp(
Second approximation:

len :(%](0.3+0.05124)=0.34834 MA, Ig =2.903 1A

I, =80-2.903=77.1uA
77.1x10°°

Vg = 2(0.026)In£ e

J =1.219864 V

0.34834x1072
Voo =(0.026)In] ———"—— _ |=0.636922V
BEN ( ) ( 8X10,15 \J

Vg =1.219864—0.636922 = 0.582942 V

lep = (8><:|_O’15 )exp(%

1 =437 uA
o.ozesj cp "

Ve 1160
(0.1 (0.2)0.12)

| -6
Vee =V, |n(%} = (o.oza)m(woxm)) =0.6187 V

R, +R, = =96.67kQ

s 5x107*

Ve :( Ry j(vBB): 0.6187 :(9227j(1.16)

R, +R,
So R, =5156kQ, R, =4511kQ

13.18
(a) Ay :_gm(r04

From example 13.4
9.5
=——=365uAlV, 1,=526 MQ
9 = 0.026 # o

Io6 HRiZ)

Now
re=r,=526 MQ

Assuming Rs =0 \we find

R =Ty + 1+ B)Re

=329+(201)(50[9.63) = 1.95 MQ

Then

A, =—(365)(5.26[5.26[1.95) = A, =-409
(b) From Equation (13.20),
3 =B, 1+ SR, (RacIZ HRi3 HRon)
" Ro{Re+[rs + @+ SR, ]
or R =0. R, =195MQ

2

F
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Using the results of Example 13.5
—200(201)(50)(92.6“4050“92.6)

= A, =792
§ (1950){50 + 9.63} Ay =792
13.19
Let low =40 A thon ler=lcz =20 4A. ygo the procedure in Example 13.4:
R, = 4.07 MQ
_@000020) 0
0.020
me = 0.020 =0.769 mA/V
0.026
ros = ﬂ = 2.5 MQ
0.02
Then
Rou = 2.5[1+(0.769)(1/|260)] = 4.42 MO
roe = ﬂ = 2.5 MQ
0.02
Then
|
Ay :_{VLj](rOA RactlHRiZ)
- —[ﬂ] (25]4.42]4.07)
0.026
So
A, =-882
13.20

From Problem 13.11
I, =1,=7.10 uA, |, =0.165 mA, |, =0.055 mA
ler Ry +Veer, _ 0165  (0.165)(0.1) +0.6
R, 200 50
=0.000825+0.01233

les ® 1oy +

les =0.0132 mA
_(200)(0.026)

0,165

R = Ry |[r.1; + 1+ B)R; ] =50[31.5+ (201)(0.1)]

=50|51.6=25.4 K

_(200)(0.026)

00132

=315K

394 K

716

Then
R, = + 1+ B)RE = 394+ (201)(25.4) = 5.50 MQ
Now
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. (200)(0.026) _ 732 K
0.0071
One = 00071 _ 0.273 mA/lV
0.026
le = 0 = 7.04 MQ
0.0071

actl 06[1+ gmB(RH 6)]
= 7.04[1+(0.273)(1]732)] = 8.96 MQ

e =2 2704 MQ
0.0071
Then
Ad = _gml(rOA RactlHRiZ)
= ( 710 j(7 048.965.5)
0.026
A, =627
o =2 303K Ry, = =303K
Now 0.165 0.165

From Eq. (13.20), assuming Riy — o

A, =- B+ ARy (R [Ror)
27 Ry, {Ry [Ny + 1+ AR]!
_ —(200)(201)(50)(303[[303)  —3.045x10°
~ (5500)[50+31.5+(201)(0.1)]  5.588x10°
A, = -545

Overall gain A = (-627)(-545) =341715

13.21
Using results from Problem 13.20

R, =5.50 MQ, Ram[ 100

0.007
L, = 100__ 1408 Mo
0.0071
A = (07010 J(14 08[117.93[5.50)
A, =885
Now
= 100 _ 606 K R,, = 100 _ 606k
0.165 0.165
A, = —(200)(201)(50)(606[/606)  —6.09x10°
" (5500)[50 +31.5+(201)(0.1)] 5.588x10°
A, = —1090
Overall gain

A, = (~885)(~1090) = 964,650

)[1 (0.273)(1]|732)] = 17.93 MQ
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13.22
(@) Teig +1cio = lgias

(0.25)1 g1 + 1o =0.18 MA, = I, =0.144mA

l 15 = 0.036 MA

0.144x1072
Vi = (0-026)”{10—MJ =0.60815V

~ 0.60815
" 0.036
(b) Vgeye =0.60815V

0.036x107
Ve = (O'OZB)IH(H)—MJ =0.5721V

=16.9kQ

13.23
0.168
b) l.,, =0.168 MA, =————=6.462 mA/V,
(0) Iy 9 mo 0026
- (20000026) 006160~ 50 _poa0
0.168 0.168
0.01284
loe =12.84 1 A, =—— _ =0.4938 mA/V
c18 H Omis 0026
= (200)(0.026) _405kQ, 1, = 50 _ae0ak0
0.01284 0.01284
Vi =V, +Vog
Vv Vv
1) I,= 28 4 ImisV r1s +Z2 OmoVeag +——
18 018 019
\Y Vv Vv Vv
(2) 718 + gmlgvﬂlg + 718 — 719 ¥ 719
718 s Rio T
Then V_, i+ 0.4938 +L =V i i+L
405 3894 50 30.95

V,15(0.49653) =V ,,(0.05231) =V, =V,,4(0.10535)
Then (1) I, =V,,,(0.49653)+(6.462)V +;/TX8
I, =V,,,(0.10535)0.49653)+ (6.462)V ,, +(0.003356
|, =V,,(6.5143)+V, (0.003356)
Now V, =V 5 +V, 10 =V,10(0.10535)+V ,, = (1.10535)V
Oor V_, =(0.90469)V,
Then I, =(0.90469)V, (6.5143)+V, (0.003356)

|
So = _58068= R, 1700
V, Ry

X
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13.24
Now
_ r;r14 + ROl

o 1+ 5, Ry =Rs+Ry,

and
Assume series resistance of Qs and Qs is small. Then
R01 = 013A||Re22

R _ r7r22 + R017 Hr013B
e22

where 1+ 5
and R017 =Ty [1+ gmn(Rs ||r7r17)]

Using results from Example 13.6,
r., =9.63kQ r,, =7.22 kQ

0,17 =20.8 MAIV 1, =92.6 kQ

Then
Rys7 = 92.6[1+(20.8)(0.1]9.63)] = 283 kQ
50
fose = ——— = 92.6 kQ
% 0.54
Then
7.22+283(92.6
Ry =——"—=151kQ
51
Ry = foyan [Rezo = 278|1.51=1.50 kQ
| _(600028) oy
Then
Ry, = 20415060420 ka2
51
or
Ry, =422Q
Then

R,=422+27=R,=69.2Q

13.25

r7[3
Rqg = 2|:r”1 +(1+ ﬂn)(mﬂ
B, =200, B, =10

@
le, =9.5 uA
L (20000026) oo
0.0095
- (L0)(0.026) _ .,
0.0095
Then
5, ~2[s. 20T

R, = 2.095 MQ
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(b)
I, =7.10 uA
~ (200)(0.026)
7 0.0071
~ (10)(0.026)

=) 366K
0.0071

Ry = 2[732+M}
11

R, = 2.80 MQ

=732K

13.26
We can write

A(f) = )

. f f
1+j— (1+ jJ
[ fPD fl

~ 181,260

(. f f

1+ j— || 1+ j—

( +J10.7j( ] flj
Phase:

¢$=—tan™" (Lj—tan’1 al
10.7 f,

=70°, ¢=-110°

For a Phase margin
So

-110°=—tan™ (Lj —tan™* f
10.7 f,

Assuming f >>10.7 Hz, we have
o f f
tan [—] =20°=> T =0.364

fl 1

At this frequency, A =1 ¢

1- 181,260
2
\/1+(10f7) -1+ (0.364)?
_ 170,327
2
1+ o
(10.7)
L:170,327 = f =1.82 MHz
or 10.7

Then, second pole at

f=— = f =5 MHz
0364 +———
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(8) 10x10° = f,p(10°)= f,p =10Hz
1 1

b) fop=—-—=C, = =1.326x10°F
®) T 2R,Cy " 2x{L2x10°)10)

-8
C, =C, l1+])=c, = 132010

C. =13.25pF
1001 F P

13.28

¢=—110:—tan‘1( f J—Ztan‘1 f :—90—2tan‘1(L
fPD 1:2,3 f2,3

So (Lj =0.1763
1:2,3

|A=1= ZOS’OOO T2 200,000 = f =1.9397 MHz
2
1{ f J 1+[f] [mj[u(o.l?as)]
fPD f2,3
6
Then f,, = 2339710° ¢ 11 0mHz
: 0.1763 :
13.29

k, YW )
@ lp3= (7}(?)3 (Vses +VTP)

150 = (%OJ(SOXVM ~0.4)* =V, =0.7873V

Rpi = 0.7873 =7.87kQ
0.1

S

200 = (%j@o)(vw ~0.4)* = Vg, =0.7162V

_07162—(-3)

=248kQ
b2 0.15

R, = 0_(_3)=15 kO
015

() (i) A, = gzml]- Royr Oy =2 /(%j(zo)(o.l) ~ 0.6325 MAIV

Ay = (0' ;25J(7.87): 2.49

(i) A, =—0,5Rps» U5 = 21/[0'—24}50)(0.15) =0.7746 mAIV

A, =—(0.7746)24.8) = -19.21
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R
(iii) A, :gm“—s, G0 =2 (%j@o)(o.z) —1.265 MANV
gm4

(1. 265)(15)
T 1+(L.265)15)
©) A=Ay -A, A, =(2.49)-19.21)0.95)= -45.4

950

3

13.30
100 2
@ 1, =100= ( > )(25)(\/(;33 0.4) = Vg, =0.6828 V

Ry, = 28828 _ 1366 k02
0.05

Iy, =200= [420)(100)(VSG4 0.4) = Vg, =0.7162 V

03 :—3_(_00'17162) =37.16 kQ
R :ﬂ_ls kQ
0.2
0.04
(b) () A =( j Rpis Om =2 ( > J(so)(o 05) = 0.5657 MA/V
=[ 657jls 66) = 3.864

(ii) Ay =—0,5Rp5, Gps =2 (Ozlj(zs)(o 1) = 0.7071 mAN
A, =—(0.7071)(37.16) = —26.28
ImaRs 0.04
A =—2m4 S = . AV
(iii) A, o R Uma =2 ( ; J(lOO)(O 2) =1.265 mA/
(1.265)15)
A3 e wi’A W
1+(1.265)15)
) A=A, A, A, =(3.864)-26.28)0.95)= -96.5

=0.950

13.31
a.  Original 9m and 9m2

_ _ V_V 1:Cy _
K=K, —( 1 j[—z J =(12.5)(10)

=125 uAIV?
So

Ot = Oy =2 K,{%QJ = 2,/(0.125)(10)

=0.09975 mA/V

9
If ( L is increased to 50, then
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K,y = K,, = (50)(10) =500 xA/V?
So
O, = Uy = 24/(0.5)(0.0199) = 0.1995 mA/V
b.  Gain of first stage
Ay = G (I, ) = (0.1995)(5025[5025)
or
A, =501
Voltage gain of second stage remains the same, or
A, =251
Then A/ = Ad : A\/Z = (501)(251)
or
A, =125,751

13.32
Uem (max):V T —Ugps (min)_usel
Vs (Min) = v (sat)+0.2 = 0.9022 0.5+ 0.2 = 0.6022 V
ip =K pl (Usel +Vip )2
20.2 = 250(vgg; —0.5)° = vy, =0.7843V
ey (Max)=5-0.6022-0.7843 = 3.61V
Uem (min):\r *Ugs3 +USD1(min)_USG1
iy = K, (0ges ~Viy ) K, = [%](6.25): 0.3125 mANV 2
20.2 =312.5(0gg5 —0.5)* = g =0.7542 V
Ugpy (Min)=0.7843-0.5+0.2 = 0.4843 V
Uy (Min)=-5+0.7542 + 0.4843-0.7843 = —4.55 V/
So —4.55<uv, <3.61V

13.33
ki Yw 0.04
a) K., =|—2|—| =] ==|50)=1.0mA/N?
@ Ko {J(Lj (2j( )
V5=V, =V~
K ps (Vses +Vip )2 :+

set
(1)50)VZs —1.4Vqy, +0.49) =10V,
5OV 2, — 60V eq +14.5= 0= Vg, =1.121V

10-1.121

' Q

= =0.1776 MA =1,

set

2

) Ay = (oalloe), 0o = 2\/(0'04](50)(0'12776J = 0.5960 MA/V

Y _osisk0, 1, - L

I’02
(0.04)(0.12776j

(0.02)(0'12776j
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A, =(0.5960)281.5[563.1)=111.9
A, =

e (719 R 2\/(%)(30)(0.1776) ~1.032 MAV

1 1
== =2815kQ, ry=——-=1408kQ
for (0.02)0.1776) foo (0.04)0.1776)
A, = ~(1.032)(281.5[140.8) = ~96.86
A=A, -A, =(111.9)-96.86)= -10,839
13.34
A= 0o (rroe)s g =2 (%j(so)(o.l) = 0.6325 AV
[y =t —400KQ, I, = ~666.7kQ
°2 " (0.025)0.1) "ot (0.015)0.1)
A, =(0.6325)(400/666.7)=158.1
A, =G (olFs)s 9w =2 [%J(so)(o.z) =1.095 MA/V
(=t _3333KQ, r, == 200kQ
" (0.015(0.2) T ® (0.025)0.2)

A, =—(1.095)333.3[200) = ~136.9
A=A, -A, =(158.1(-136.9) = —21,644

13.35
__ 1
27R,,C;

eq i
where Ry =T "roz and G = C1(1+|A12|)
We can find that

A, =251 404 Tou =Ty, =5.025 MQ
Now

Req = 5.025||5.025 =251 MQ

and
C, =12(1+251) = 3024 pF

fPD

So
_ 1
27(2.51x10%)(3024x107%)

foo

or
fop =21.0 Hz
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13.36
From Problem 13.33,

|A,|=96.86, r,, =2815kQ, r,, =563.1kQ

P 1
e 2”(r02||r04 EM
1
Then C,, = =1.06x10"F
M ()81 5563 1)x10° "

Cy =C1(l+|A2|):>1.06x10’7 =C,(97.86)
Or C,=1.08x10"°F

13.37
Ro =loz "ros
We can find that
I, =le =2.52 MQ
Then
R, =2.52|2.52
or
R, =1.26 MQ

13.38
6
(@ Ves2 :§:2V

I, =05= (%J(WTJ@—OA)Z = (WTJZS =391

g ml (rol||r02 ) 1
by A = L r, =1, =————=80kQ, r|r,=40kQ
(k) A, 1+ gmlirol"rozi for = oz (0.025)0.5) oz
09g- Im(0) _ 9., =1.225 MAIV
l+ gm1(40)

O =1.225=2 (%j(WTl(o.s) = (Wfl =15

1 1
© R,= g—ml||r01||r02 = @”40 =0.8163)J40

R, =800Q

13.39
lo = (%} (20)[1.1737-0.7]

@ |lo180KA
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lps = (%} (25) (Vgse —0.7)" = 25 = Vg, = 0.8581 V

lpy = [%) (50) (Veg; —0.7)* = 25 = Vg, = 0.8581 V
(b)

j (0.8581-0.7)> :(VXJ =360
8P L Jge

] (0.8581—0.7)2:[\’—\’] =180
8N L 8N

13.40

| ger =1 o= 0.150 = [%j[ﬂj (Vs —0.5) = (%j(zo)(vGSll ~0.5)" = Vg, =0.8873V
11

L
Viesrer =5—0.8873=4.1127 V

For three NMOS transistors in series:

Vg, = H127 4 3709 v
3

lper =0.15 = (%j(wfj(lsmg -05) = (WT] =3.96

13.41
(a)
80
g, = 250uA = (?j (5) (Vs —0.7)°
= Vggs =1.818 V
1.818
= Vs =Vsgr == —=0.909 V
80 )
lps = o7 = (?j (25)(0.909-0.7)2 = 43.7 uA
(b)
0. =2/ 3 as)( 20| = 05477 mAN
ml 2 2
1
r, =——————=800K
** " (0.01)(0.125)
ho=———t __-5333K

* " (0.015)(0.125)
Ay = G (1,2 Iros ) = (0.5477)(800]533.3)
A, =175

Second stage:
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AZ = _gms(ros "rog)

G =2 /(4—20j (80)(250) = 1.265 mMAIV

=t _2667K
(0.015)(0.25)

1
Mg = oo =4
(0.01)(0.25)
A = —(1.265)(266.7"400)
A, =-202

00 K

Assume the gain of the output stage ~1 then
A = Ay A = (175)(-202)
A, =-35,350

13.42
(a) A =0m (R "Ros)
O = 2K, l5g =24/(0.5)(0.025) = 224 uA/V
Ut = Ome
U = 2/(0.5)(0.025) = 224 pAIV

R T
Ay, (0.015)(25)

ln = Tos = Tog = Too =

2.67 MQ

r,= 1 = 1 =133MQ

“ Ay, (0.015)(50)

Now
Ros = Ons (el ) = (224)(2.67)(2.67) =1597 MQ

Rys = Ons (s ) (s [[1,y) = (224)(2.67)(2.671.33) = R, =531 MQ

Then
A, = (224)(531|1597) = A, = 89,264
(0) R, = Rys |Rys =531[1597 =R, =398 MQ
1 1

" 27RC. 27(398x10°)(5x10 %)
GBW = (89, 264)(80) = GBW = 7.14 MHz

PD

(©)

= fpp =80 Hz

13.43
(@)
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1 1
==l = =———=2MQ
PR L, (0.02)(25)
-1 _sermao
A1, (0.015)(25)
N, = ! ! =1.33MQ
Ay, (0.015)(50)

wonf a1
S R

6
Ro = RoG RoB = [gmG(rOG)(r04 rol)] "[gms(rosrolo)]
8] o]
Define L) and LJe
Then

R, =[63.2X,(2.67)(1.33]2) [ 41.8X,(2)(2)]

=134.8X, [167.2X, = __22539X, X
134.8X, +167.2X,

ol

=

22,539, X
= R =(41.8X _omerrtiate
A =0mBs = 1)(134.8X6+167.2X1J

=10,000

e () = ) -osrex,
Now 6 ' !

We then find

xf :(ﬂ) =4.06=(V_Vj
L, L/,

13.44
LetV' =5V, V- =-5v

P=1,(10)=3=1, =03mMA = Il =0.1mA=100 A

lor = Tos = Tono :#:l MQ
(0.02)(50)

1

s = 0.015)(50)

f—— -0
(0.015)(100)

35\(W
O = 2 (EJ(TJ (50) :59-2)(1 =Ons
1

[
where !

Assume all width-to-length ratios are the same.

=133 MQ

667 MQ
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Ome =2 (%j(\/—\:j (50) =89.4X,

Now
Ro = Roe HRos = |:gm6 (roe )(r04 Hrm ):HH:ng (roarolo ):|
=[89.4x, (1.33)(0.667[1) |[[59.2%, (1)(1) ]

- (47.6X,)(59.2X, )
M 476X, +59.2X,

=[47.6X,]|[59.2X

Sp Ro =264X,
Now
A =R, =(59.2X,)(26.4X,) = 25,000
X} = W _16
So that ——L for all transistors

13.45
(a) Ad = Bgml(roﬁnroﬁ)

Oy =2 (%)(20)(0.06) =0.4899 mA/V

1
-~ -1389kQ

foo (0.04)0.06)3)
-1 _omsko

foe (0.02)0.06)3)
A, =(3)(0.4899)138.9/277.8)=136.1
(b) R, =rylr,; =138.9[277.8=92.6k Q2
1 1
 — -
© o =2RC 27(92.6x10° [5x 107
GBW = (136.1)343.7x10% )= GBW = 46.8 MHz

] = fop =343.7 kHz

13.46
1

fos = (0.02)(2.5)(40)

P 1

°® " (0.015)(2.5)(40)

A= Bgml(rDG Hros)
400 = (2.5)g,, (0.5]0.667) = g,, =560 uA/V

o g, =560 =2 [%} (WTJ (40) = (WL):49

Assume all (W/L) ratios are the same except for

=05MQ

=0.667 MQ
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M, and Me.(V%J :(V—Xj =1225
5 6

(b) Assume the bias voltages are
Vi=5/, Vv =-5v.

+5V

Four
transistors

lo = (%) (49)(Vesy —0.5)* =80 = Vg, = 0.702 V

Then
80 \(W

lper =80 = (?)(fjo (Vosc -0.5)*
For four transistors

Ve <1907 335

80= (QJ(VXJ (2.325-0.5)° = (Vlj =0.60

2 \ L) L Je
foum = 1 R, =0.5/0.667 =0.286 MQ

(C) 27TROC

1
f =

S8 27(286%10%)(3x107%)
GBW = (400)(185x10%) = 74 MHz

=185 kHz

13.47
(@) From previous results, we can write

RolO = Omo (rom fos )
R012 = O (r012 log )
Ay =Bgm (Rom " R )

Now
o0 = o = L = L =05MQ
7B(14/2) (0.02)(2.5)(40)
l =T = L L =0.667 MQ

24B(15/2) ~ (0.015)(2.5)(40)
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Assume all transistors have the same width-to-length ratios except for Ms and Ms:

BE
Let \ L
Then
/ k, \(W _ / 35\,
Oo =2 (ZJ[LJm(IDQN) =2 (?j X*(2.5)(40)
=83.67X
k, (W _ 5|80y
Om2 = 2\/[ZJEL)12(IDQ12) = 2\/( 2 ]X (2.5)(40)
=126.5 X
Om =2 [%}XZMO) =80 X
Then

Ruo = (83.67 X)(0.5)(0.5) = 20.9X MQ
Ru = (126.5 X)(0.667)(0.667) =56.3X MQ

We want
20,000 = (2.5)(80X)[20.9X H56.3X]
= 200X [W} =3048X?
20.9X +56.3X
Then
X?=6.56= [ﬂ]
. \b)
Then
(Vlj :[V—V) =(2.5)(6.56) =16.4
L 6 L 5
(b) Assume bias voltages are V' =%, V7 =-5V
+5V
My
Five
transistors
|
]
Ippr = ! 1| 1p=
80 pA 80 pA
M M
| [
Visa
-5V
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Need 5 transistors in series

Voo = —1072'052 =179V

Then
80\(W w
I =80=| = || 2| @.79-052=|—=| =1.20
(2J(Ll( ) D[LJC

1
o=
©  27RC yhere Ro=RuolRuc
Now

R, = 20.94/6.56 =53.5 MQ

R, =56.3v6.56 =144 MQ
Then
R, =535|144 =39 MQ
. 1
S 27(39x10°)(3x10712)
GBW = (20,000)(1.36x10°) = GBW = 27.2 MHz

=1.36 kHz

13.48
(@) AVy, =0.7+(0.3(0.4)=0.82V
- 0.82
0.15
R. = 370 _j0k0
03

Rp =5.47kQ

(0) Ay =2 (Ro|Re ), gy =2 [0'—24j(50)(0.15) = 0.7746 MANV

2
(120)(0.026)

a

Re =1, +(@+B)Re, T =0g  =104ke

R =10.4+(121)0.4)=58.8 kQ '
A, = [0'7;46J(5.47||58.8)= 1.938

_ -MR¢ _ —(120f10)
© A = r.+(1+p)R, 10.4+(121)0.4) 2041
(d) A, =A,-A, =(1.938)-20.41)=-39.6

13.49
0-(-3)
R.=———~2=10kQ
(@ Rs 03

I, =K, (VGSl Vi )2
0.3=3(V, —0.4)° =V, =0.7162 V

- 0.7162 (- 3)

Re, = =12.39kQ

AV, =(0.3)0.5)+0.7=0.85V
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0.85
Rey =——— =34kQ
“0.25
O gn=22 —ossman, r, = 120000%) 5 4510
0.026 0.25
O =22 ~1154mAN, T, _(12000026) 1544y
0.026
A = génl (RCI||Ri3)
Riy =15 + 1+ B)R. =10.4+(121)0.5)=70.9k Q
A =2 6215 (3.4[70.9)=15.60
© A" ARe,  _ -(120)1239) _ 20,97

r,+(@+pB)R. 10.4+(121)0.5)
9moRs
d) A =—" 5 =2 :3) =1.897 mA/V
@ A= g Im =2J(3)03)=1807m
_(L8or)0)
*1+(1.897)10)
() A, =A,-A,-A, =(15.6)-20.97)0.95)=-310.8

950

13.50
(@) For PMOS:

O = O = 2\/[0§4j(40)(0 125) = 0.6325 mA/V

1 1

ro = = =228.6 kQ
® Ay, (0.035)0.125)
For BJT:
Y
== 10 _1500k0
lc 0125

(B) A =Gy (re o )= (0.6325)(228.6[1200) = 121.5

13,51
(a) For NMOS:

O =2 (Ozlj(m)(o 125) =1.0 mAIV

1

Fon = ————— = 400k Q
" (0.02)0.125)
For BJT:
=0 _ g0k
0.125

() A = G (T ) = (1.0)400]800) = 266.7

13.52
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lee =200 pA K,=K,=05mA/V?
A,=4,=0015V"
= gl‘ﬂ RD RD
@ A=tn(RalRa)
where
Ros = Ons (rosrom)
Ros = Ome (roe)(rOA Hrm)
Now
s = 2K I pg = 2/(0.5)(0.1) =0.447 mANV
g = t 1 =667 kQ
Aolps  (0.015)(0.1)
o= e 667 kQ
/’{’PIDS
U = Yes _ 01 _ 346 man
V,  0.026
r=Ya 80 g0
I, 0.1
oy = 1 = ! =333 kQ
Ao, (0.015)(0.2)

ry = LI ! =6
Ay (0.015)(0.1)

O = 2K I, = 2,/(0.5)(0.1) = 0.447 mANV

67 kQ

So
R,s = (0.447)(667)(667) =198.9 MQ

R,s = (3.846)(800)(333(667) = 683.4 MQ

Then
A, =447(198.9(683.4) = A, = 68,865

13.53

Assume biased at V' =10V, V" =-10v.
P =3l (20)=10= I, =167 uA
Aﬂ = gml(Rue HROE) = 25,000
k! =BOKAIN? K, =35 4AIV”
A, = 0.0].5\/71,/1p =0.02V™*

(L), 20
Assume P n

ROS = ng (ros r.010)
Ry = gm6(ru6)(ro4 Hrm)

e -1 _060MQ
Aolos  (0.02)(83.3)
fo = —0.60 MQ

P " D8

Kp \(W (3 2
Ue =2 (Tjtfl s _2J( ; j(Z.Z)X (83.3)

=113.3X
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I =V—A:ﬂ=0.960 MQ
83.3
los = . = : =
A5, (0.015)(167)
(= 1 1 _
Aol (0.02)(83.3)
Il 833

—les = 833 _ao04 uAlV
Ons =3 " 0.026 .

0 =2 ["ZJ[VD I = 2\/[3;j(2.2)x2(83.3)

=113.3X

040 MQ

0.60 MQ

Now
R,s = (3204)(0.960)[ 0.40/0.60 | = 738 MQ

R,, = (113.3X)(0.60)(0.60) = 40.8X MQ

Then
A, =25,000 =(113.3X)[738]40.8X |
- 113.3%)| 210X
738+40.8X

which yields X =248

or
X?=6.16= (V—Vj
Lk

and

(V%j +(2.2)(6.16) =12.3

13.54
For Ven (max), assume Vs (%) =0- Then
V, =15-0.6-0.6=13.8V

Lo = los =&236=o.118mA

Using parameters given in Example 13.12

Vi = [hoe y = [O18 4 4 na7y
K, 0.20

Then
V,,(max) =13.8-2.17 = v, (max) =11.6 V

For

Ven (MIN). a5sume
Vo (M,) =V (sat) =V +Vp = 2.17-1.4=0.77 V
Now
Voy = 15,0(0.5)+ 0.6+ 1., (0.5)~15
~0.118+40.6-15=V,,, =-14.28 V
Then
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V,, (Min) = —14.28 + Vg, (sat) — Vg,
=-14.28+0.77-2.17=-15.68 V

Then, common-mode voltage range
-15.68<v, <11.6

cm —

Or, assuming the input is limited to 15V, then

-15<v,, <116V

cm —

13.55

Vg —0.
—SGT%:VSG =18V

I, =0.15=K,(1.8-1)" = K, =0.234 mA/V’

13.56
Ve =V
(a) Kp(VSG +VTP)2 =B
R
Vi, —0.6

0.15(vy —1.2)° = 5

We find 1.2V —3.88V, +2.328=0, =V, =2437V

I, =1, :@:O.ZZ%mA
(b) Ve, =V'-06-0.6
Ve =V~ +2.437
Set Ve =V,
Then Vg -1.2=-V, +2437 =V, =182V

13.57
les = 1o, =300 LA
We have
R, =, BVr _ (200)(0.026) _ o
leis 0.3

A, = 2K, Ios - (R,,) = /2(0.6)(0.3) - (17.3)

A, =10.38
Now

or
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los _ 03 445 man
V, 0026
SO PP

C13

Oms =

Then

| A, |= Qs Toz = (11.5)(167)
or

Al =1017

Overall gain:
|A|=(10.38)(1917) =19,895

13.58

Assuming the resistances looking into Q: and into the output stage are very large, we have

Py E— -

Fs + 1+ B)Reys
Rots = Tots |:1+ Omis (RE13 H M3 ):.
lei3 =300 (A, Iy = (?_03 =167 kQ

where

0.3
=—" —115mA/V
9ms = 5026
~ (200)(0.026)

0.3

=17.3 kQ

713

So
Ross = (167)[ 1+ (11.5)(1[17.3) | = 1.98 MQ

Then
A |

Now
C, =C,(1+|A,|) =12[1+1814]
= C, =21,780 pF
1
~ 27R,C,

Req = Riz Hrmz H To10

~(200)(1980)

- -1814
17.3+(201)(1)

PD

Neglecting Ry,
1 1

fo = = =333kQ
2.,  (0.02)(0.15)

Neglecting Rs,

fp = os_fs =333 kQ

Ry =l + 1+ B)Rey;  =17.3+(201)(1)

=218 kQ
Then
. 1
" 27[218]333]333]x10° x(21,780)x10
or

foo =77.4 Hz
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Unity-Gain Bandwidth
Gain of first stage:

A\i = \/2Kn IQs : (R12 Hrule rulo)
- J2(0.6)(0.3) - (218333339)

= (0.6)(218||333)333)

or A =566
Overall gain:
A, = (56.6)(1814) =102,672

Then unity-gain bandwidth = (77.4)102,672)
= 7.95 MHz

13.59
Since Ves =0 in Jor Trer = loss
= lpss =0.8 MA

13.60
a. R, :r/r5+(1+ﬂ)[r/r6+(1+ﬂ)RE]
100)(0.026
- [10000.026) 5,
0.2
| 200 nA
l. =-S5 = =2 uA
cs I 100 M
So
100)(0.026
-, = 4000020 _ 155 ko
0.002
Then

R., =1300+(101)[13+ (101)(0.3)]
or
R, =5.67 MQ

b. A =0, (roz HrOAH RiZ)

Om2 :Vi-le “loss :%-V(O.l)(O.Z)

=0.0943 mA/V
h ==X ___500kQ
Aly  (0.02)(0.1)
h=a =20 500k
le, 0.1

Then
A, = (0.0943)[500| 500 || 5670]
or
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A =226

13.61
a  Need Yo Q) =V (sat) =V, For minimum bias ¥V
-3V =3V

V.
and -2
VZK _VDl
R3

R =ﬂ:>R3=24kQ

sothat = 01
Set bias in Q¢ = lrer2 + 122
Therefore,

lpss =0.2 MA

b.  Neglecting base currents
12-0.6

V,
Set -F

lrers =

=0.1+0.1=0.2mA

los = lgers =05 MA =

4
so that
R, =22.8 kQ

13.62
a. We have

2 |'\j|D : IDSS :§'V(O-5)(l)

vV,

gm2 =

=0.354 MAIV
11
I, (0.02)(0.5)

:%:200 kQ

=100 kQ

_ (200)(0.026)

” =104 kQ
05

So
Ros =T |:1+ Ona (r/r4 HRZ ):|
=200[1+(19.23)(10.4]0.5) |

= 2035 kQ
‘A1‘: gmz(roz HROAHRL)
R, >

For |l =0.354(100 2035) = 33.7

With these parameter values, gain can never reach 500.
b.  Similarly for this part, gain can never reach 700.
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Chapter 14

14.1

Vv, (max) = 4.5 = v;(max) = 56.25 mV

V; (max),,,, = 56.25 =39.77 mV

S o rms \/5

14.2

Ry = 160 k0

(a)
i, =22 20028125 mA
160

i :2:4.5mA
1

Output Circuit = 4.528 mA
v, 45

v, =——2=——=V, =-0.05625V
A 80

(b)

i, 15 mA:V—":E

RL RL
= R, (min) =300Q
14.3

(1) v,=2V

@) “=l2smv
(3) AOL = 2)(104
4) v, =8 uV
(5) Ao =1000
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14.4
R, 120
a 0)=——2 =— " =-21.42857
@ A (») R = 56
-21.42857
== 07 = 2142376
Ao 1+22.42857
10°
—21.42376—(—21.42857)X100% 0.0224%
—21.42857
R 120
b 0)=——2 = — _14.634146
®) A (o) ==E =7
Ao :w:_m'@l%
|, 15634146
10°
—14.63186—(—14.634146)X100%:_0_0156%
—14.634146
145
1+ﬂ
. 6.8 791176
= = =7.90863
@ O Ao 47 791176
1+—| 1+ 2
. 6.8 2x10
2x10*
(ii) 790863 = 79176 1 609 = ~0.03956%
7.91176
791176
b) (i =7 " 784966
®) O A 791176
1+
10°
(i) 784966791176 o0 o 1esor
7.91176
14.6
Rk R4 "
(a) —15.0= 1= ! = —2 =15.12091
14+ R 1.0005+5x10~( R R,
Rl Rl
I+
2x10
~15.12091
b =— =7 —_15.1160
®©) Ao 16.12091
14—
5x10*
14.7

(1-0.0001)90) =

900 = A =8.9991x10°

I+—
Ao
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14.8

A. = (1-0.0002)1)= = Ay = 4999

I+—
AOL

14.9

(@) |A=+Re - 2100000)
R, 21(1+0.001)

A
So 9.98<|A<10.02

10.02

) [A,,, =—1g5 =10:009
1+ —

10*
998
min — 10.98

1+

10*

So 9.969 <|A| <10.009

=9.969

A

14.10

i l R; —Apg vy

So

vy ~(I/R)

- = :AbL
v [ul(uulﬂ
R, AL\R R R

From Equation (14.20) for Rt =%

and R =0



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 14
Problem Solutions

Rk R R, 1
a. For N =1k
~ —(1/20)
Ao 1 1(1 1 1
— | -
100 10°\20 100 1
~ -0.05
[0.01+1.06x107]
or
= A, =—4.52
3
T LI e —g0s0
R, 1 100 ——
b. For R=10kQ
~ —(1/20)
A 1 1(1 1 1]
|
100 10°\20 100 10
~ -0.05
[0.01+1.6x107™]
or
= A, =492
3
LI N Y
R, 10 100 "%
c. For R =100ko
~ —(1/20)
A 1 1(1 1 1]
— | —F—+—
100 10°{20 100 100
005
[0.01+7x107]
or
= A, =—4.965
3
LI S N X X
R, 100 100 %
14.11
Ry
AN
R,
: .
AVAYAY, +
Ry
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For the ideal:

e |2 010 g,
R ) 0.002

v, (actual) = (0.10)(1—-0.001) = 0.0999

So
0.0999 _ TO 4995
0002 |, L s
Ao
which yields
Ao, =1000
14.12

From Equation (14.18)

_[AOL_IJ
v, R, R
A,“:_lz—z
L S S
R, R, R,

0

Or
(5x10° 1
1 100 —(4.99999x10%)
Vv, = v, = v,
( 11 1 ) 111
7+7+7
10 1 100
v, =—4.504495x10° -v,
Now
h_viv_
vl Rlvl -
Then
v, -V, = KRy,
which yields
Vi
vV, =
KR, +1

Now, from Equation (14.20)

1
3
1 1 1+5x10 +E

107100 1 1
10 100

3

=(0.1)+ (0.01){—5 '0011 1 T 10

Then

}: 45.15495

V. V.

(45.15495)(10)+1  452.5495

We find
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v, = —4.504495x10°| —
452.5495

Or
Vol
A, =2 =-9.9536
v

For the second stage, R =0

_[5><103_ 1

1 100] ’ 3 ’
-V =-4.950485%10" -V,

v02 - 1 1
7+7
[1 100)

3
K=ty L1001 4o 61485

10 100{ |, 1
100
' Vol Vol _ Vol

Vv, = = =
'TKR +1 (49.61485)(10)+1 497.1485

Then
3
Ver _ —4950485x10° _ o oo
v, 497.1485
So

A, =222 = (29.9536)(~9.95776) = A, =99.12
V e —

14.13
a.
R ).::\IK
r N.‘\‘»_:.-I._If.K b T -"\.-;\«"’\.- ' ol
5,_ IS
Vi—Vi v Y -0
R,+R R R
1 1 1 v() VI
—_t— =
''R,+R R R,|] R, R/+R
Vo Vo= AWYs VoY 0
R R, R, 2
or
Vo S S I R S .
RR. R, R | R R
V, - [uj R
R, +R; 3)

So substituting numbers:

(1
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<

! 1 1] v v,

+—F— ===+ ——
110+20 10 40 40 10+20 (1)
or
v,[0.15833] = v,[0.025]+V, [0.03333]
I 10*
Vo 1+L+L :L_Q_ﬂ
1 05 40] 40 05

or
v, [3.025] = v, [0.025]+(2x10* ),
(V| -V

v, =
10+20

]-20 =0.6667(v, -V,)
)

So

v, [3.025] =v,[0.025]+(2x10*)(0.6667) (v, -V, ) @
or

v, [3.025]=1.333x10%v, —1.333x10%y,
From (1):

v, =, (0.1579) +v, (0.2105)

Then

2)

v, [3.025] =1.333x10%V, —1.333x10* v, (0.1579) +v, (0.2105)

Vo[ 2.1078x10° | =v, [1.0524x10" |
or

A, =20 = 4993

Vi

To find Ri: Use Equation (14.27)

[ 0.5 0.5]
| 1+—+—
1 40

11 05 05) 05 (10°)v,
=V =t || I == [
10 40 140 ) (40 40

i, (1.5125) =V,{(0.125)(1.5125) —0.0003125} — 25V,

or
i, (1.5125) = v, {0.18875} —25v,

Now
Vg =1 R =1,(20) and 1 =V —i,(20)
So
i, (1.5125) =[v, —i, (20)]-[0.18875]— 25, (20)
i,[505.3] =V, (0.18875)
or
Y Z2677 k02

R, =10+2677 = R, =2.687 MQ
Now —_—

To determine Ror: Using Equation (14.36)

LU A | L) 10
R R 1+ R, 0.5 1+i
R R 10[20
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op Rii =350
Thep ot =1 kO35 ©
=R, =349 0Q

b.  Using Equation (14.16)

A _ 1oy 2= Y _ 0.05%
o 10)(103]: (009

14.14
(@)

(&3

s
v, —Uy Uy —Ag (0, —0g)

b | ¢} — (0] L | (0]

(b)  ® R R
v Agy, . L+L Ao
R R, R R, R,

1 5x10° 1 1 5x10°
S A B AT RN

0,(5.0001x10% )=, (5.0011x10?)

Yo _0.9998
o
VA, (V) V
(11) IX— X AOL( X)+_X
R, R,
Lo 1 _ WAy 1 _145x10° 1
V, R, R, R ] 10
R, =020
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14.15
40K
20K AAA
Vi e AVAYAY
——a 1))
10K -
vp AN Y
..I.. —Agr vy
Vil =V, +V|2_V1 :V1_Vo
20 10 40
Y vl_z+v_ozvl[i+L+L}
20 10 40 20 10 40
VO
=0
and Yo = =AY 5o that Av
Then
1 1 7
v,,(0.05)+Vv,,(0.10) = -v, s —+ | —
n( ) |2( ) 0{40 2%10° (4())}

=-V,[2.50875x107]
=V, =-1.993v, —3.986v,,

Av, 2-1.993 Ay,
—L==

= —2=0.35%
v, 2 v,
14.16
40K
AN
0K
ne—AN——— %
Yy
10K Vg Agy vy
40K B
Vg = (7404010]% = [?]vz =0.8v,
* (1)
Vi —Va _ Va—V
10 40

A ( 11 j

L+ Loy, | —+—

10 40 10 40

Vv, (0.1) +v,(0.025) = v, (0.125) ©)
Vo = Ay Vg = AL (Vg —V,) (3)

or
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Vo = Ay [0.8v, =V, ]

v,
-2 -0.8v, =-v,
L

v,
=v, =0.8v, ——

L

Then

v,(0.1)+V,(0.025) = (0.125){0.8% —/\\’:}

L

03

v,(0.1)= v, (0.1) = —v, [0.025 L0128 }

=-v,[2.5125x107]

= A =0 39801

2 1
_ M 0.0199
A

= 0.4975%

14.17
a.  Considering the second op-amp and Equation (14.20), we have
L1 1 f14100| o 101
Rio 10 01|, 1 (0.1)(11)
0.1
Ry, =0.0109 kQ

So
The effective load on the first op-amp is then
R, =0.1+R,, = 0.1109 kQ

Again using Equation (14.20), we have

1+100+$

L_1r.n 10.11({9:0.10+110.017
Ry 10 1 . L1 11.017
0.1109 ' 1
so that

R, =99.1Q

b.  To determine Roe s
For the first op-amp, we can write, using Equation (14.36)

r_1 AL 1 100
Rin R 1+ R, 1 +ﬂ
Rl ||Ri 1”10
which yields Rort = 0-021kQ2

For the second op-amp, then
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Lot A
ROf RO 1+#
R+R IR
1 100
L, 0.10
(0.121) |10
Ry =184 Q
of ——

c.  To find the gain, consider the second op-amp.
0

Vg o Vo2

Ry

Apr, Va2

Voi _(_de) +Vd_z — Vi, Vi
0.1 R 0.1

(1

Vo, 1 1 1 Vo,

L t+vy, (—+—+—j =--2
0.1 0.1 10 0.1 0.1
or

Vo, (10) +Vy,(20.1) = v, (10)

Voz_AbLVd2+V02_(_de):O

R, 0.1
Yo, (100 1) W
1 1 01) 0.1
Voo (1 1) — Vg (90) =0

2

or
Vyy =V, (0.1222)
Then Equation (1) becomes
Vg, (10) +V,, (0.1222)(20.1) = —v,,(10)
or
Vy, = —V,, (1.246)
Now consider the first op-amp.

v —ANN — ? Vo
IK Ry

0.1 K
va Z R; App Vay

Ripr =
0.0109 K
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vy _(_le)+E: —Var —Vou
1 R 1
' (M
I 1 1
v (D) +vy, (_+_+_j ==V (D

1 10 1
or
Vi (D) +Vy, (2.1) ==v,, (1)

Voi +V01 _AOLle +V01 _(_le) =0
0.1109 R, 1 @)

1 11 100 1
Vo, t=+= |-V, | —-=|=0
0.1109 1 1 1 1

Vy; (11.017) =V, (99) = 0

or
Vg, =V, (0.1113)
Then Equation (1) becomes
v, (1) +V,, (0.1113)(2.1) = —v,,

or Vi =-V,,(1.234)

\x]e had V01 = —V02 (1 .246)
So Vi = Voo (1.246)(1.234)

Yoo _ 0,650
Vl
or

Voo _4

d.  Ideal Vi
So ratio of actual to ideal = 0-650.

14.18

(a) For the op-amp. A fr =10°
_10°

T 2x10°

For the closed-loop amplifier.

10°
f3dB = E =40 kHz

=50 Hz

(b) Open-loop amplifier.

4 4
A 2x10 S A|= 2x10

1+ ] f £y
f3dB I+ f
3dB
4
f=025f, :>|A|:&=1.94x104

J1+(0.25)

2x10*

J1+(5)

f=025f,=|A= B 405

J1+(0.25)

25

J1+(5)?

f=5f o =|A= =3.92x10°

Closed-loop amplifier

=4.90

f=5f 45=|A=
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14.19
A, =100dB, = A, =10°

A=38dB, A=79.43

10°

A\2
1+(10 ]
fPD

= fop =7.94 Hz

Then 79.43=

10* _ 10°
foo 7943
GBW =(10°)7.94)=7.94x10° Hz

14.20
(@) Ago = l+& = l+@ =11
to R, 15
fr =1.2x10° = (11)f, 4y = f, ;s =109 kHz
150)140.05)
b = 1+(—
®) Ao [ (15)(1i0.05)}

157.5

Aco (max)=1+ g 1205

142

5
A min)=1+——=10.05
CLO( ) 15.75

Then 10.05< Ay, <12.05

fr =12x10° = (12.05)f, 4 = f, 45 = 99.6 kHz
fr =1.2x10° = (10.05)f, 45 = f, ;s =119.4 kHz

Then 99.6< f, ,, <119.4 kHz

14.21
The open loop gain can be written as

'%L(f)—[ A

1+j-L (1+j~ f j
fon 5x10°

where A =2x10%
The closed-loop response is

an
P = 1+ BA,
At low frequency,
o 2x10°
T 1+ B(2x10°)

So that /= 9-995% 107,

Assuming the second pole is the same for both the open-loop and closed-loop, then
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¢=—tan™' t - tan ™' [Lﬁj
fop 5x10

For a phase margin of 80°, ¢ =-100%

So
. f
—100 =-90 —tan <
5x10

or

f =8.816x10° Hz
Then

|A0L| =1

2%10°
8.816x10° )’ 8.816x10° )’
1+ 1+ <
fop 5%x10
or

8.816x10°

=1.9696x10°

PD
or
fop = 4.48 Hz

14.22
(a) 1% stage
(10)f, 4 =1 MHz = f, ,, =100 kHz
2" stage
(50)f, 45 =1 MHz = f, ,, =20 kHz

Bandwidth of overall system =20 kHz

(b) If each stage has the same gain, so
K?>=500= K =22.36

Then bandwidth of each stage
(2236)f, o =1 MHz = f, ,, =44.7 kHz

14.23

R,
100
(”R/)
5><104

=-9.9978

(@ Ao =

f. =1.5x10° =(9.9978)f3,dB = f, ;5 =150.033 kHz

(b) Aco =(-9.9978) =-999.34

999.34
At o s = |Aq|= A =706.64
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999.34

2
1_"_[ f3—dB j
150.033%10°

3
f : 999.34 )’
1+ 3—'153 =|——| = f,  =7649kHz
150.033x10 706.64

Then 706.64 =

3

14.24
(5x10*) fop =10° = f,p =20 Hz
(25)f, 10° = f, ;o =40 kHz

A=—De=al=

. f 2
o ah
3-d8 40x10

At T=05f 5 =20 kHz

|A,|=i=22.36

J1+(0.5)

At T =2f g =80 kHz

|A|= 2 s

J1+(2)

25

14.25
(ZOXIOS)'|A”|MA>< =10°= |A’f|MAX =50

14.26
6
(@ f o 310 sokm
2NV 27(5)
6
o fo =230 L s305kH,
27(1.5)
6
© f.o =210 ¢ 9oMmmy
27(0.4)
14.27
a.  Using Equation (14.55),
_ 8x10°
PO 27(250%10°%)
or
Vo, =5.00 V
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A

Vo |-
Slope = SR

T :%:%:mlo-" s
Period 25010

One-fourth period ~ Lus
Slope = Voo _ SR =8 V/us
1us

=V, =8V

14.28

f SR

max = 271\/'30
SR =27(10)12x10° )= 7.54x10° V/s
Or SR=0.754 V/u's

14.29

6
@ f__ =20x10° =%:VPO =50V

ma;
PO

3x10°

b) Vo, = -2387V
() Veo 27(20x10%)

14.30
For input (a), maximum output is 5 V.
SR=1V/us
)

|
|
[
|
|
|
|
)

5 I 15

fps)

For input (b), maximum output is 2 V.
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gy

R f—————
S i

T p(jus)

For input (c), maximum output is 0.5 V so the output is

Ly
051
| |
| |
| |
| |
| | 5
14.31
For input (a), max|v0]| =3V
Vo1 4
| 2021 Hks)
0 T {)() T
I I
I I
I I
I |
| I
“H= 55
\Y; = =
Then Vool =33)=9V
Vo2 A
3 20 23 Hus)
9 | 55 |
| |
| |
[ |
[ |
| [
| |
| |
| |
| |
=0, I (}(}

For input (b), max|v01| =15V.
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Yo
| o 1920 (1)
() T 27 T
| |
| |
| |
| |
| |
Then [Vozle =3(1:5) =45V
Poz A
1.5 ¢ ¢ 19 20.5 f(ps)
0 T } } T
| |
| |
| |
| |
| |
| |
| |
| |
45+ ()()

V, V,
I =1 exp[%}, I, = Iszexp[ \ZEZ]

Want ' =120 g0

5x107*(1+ X)exp (\651]

T

1
1_1=
|
: 5x107*(1- X)exp[vBEzj
VT
_(1+x exp Veer —Vee,
1-X%) v,

Or

_exp[ 20025)_ g
0.026

Now
1+x=(1-x)(1.10)=>
X=0.0476 = 4.76%

14.33
(a) Balanced circuit, I, =5x107"° A
(b) From Eq. (14.62), v, =5V, Ugg, =5.6-1.2=44V
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15 (H“j
120 _lss 120

1+% IS4 1+£
80 80

1.041667 _ 15, (1.036667)
1.0075 Iy, (1.015)

|
53 -1.0123= I, =4.939x107"° A

S4

(©) Veg; =5V, U, =5.6-25=3.1V

T
120 _1ss U 120

l_i_% IS4 (1_'_25)
80

1041667 g, (1.025833)

1.0075 1y, (1.03125)

|
—22=1.03937 = |, =4.811x107"° A

S4

14.34
K, =150 u A/V?
AK, =150(1+ x)=150(1 - x) = 300x u A/V >

1 [ 1o (aK,
Vos =5 2Kn( K, ]

15x10- = L [ 200 (300x
2\ 2(150)\ 150

j: 0.8165x = x=0.01837

14.35
(a) vy =-30(10£2)x107 =(~300£60)x107 V
So —0.360< v, <0240V
(b) v =-30(100+2)x107 =-3+0.06 V
So —3.06<v, <-2.94 V

14.36
Vg = —30(25 sin ot +2) mV
Vo =—0.75sinwt£0.06 V
So (~0.75sin wt—0.06)< vy <(-0.75sin wt +0.06) V

14.37
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Gl
il Xksd
I\
R
= *!_-
P, =5SmV
-3
[ =0'5X£0 =5x10" A
10
Also
1=c V% v, _ij'ldtzl— t
dt c)
Then
-8
- 5X1076t:t=103s
10x10
14.38

(@) vy = (1+%}(¢ 3) mV, -33< vy, <33mV

Vg, = —(%j(i 33+3) mV, —180 < vy, <180 mV

(b) v, =(11)10£3) mV, =77 <v,, <143mV
Vg, = —5(143+3)=-730mV
Vo, = =5(77-3)=-370 mV
So —0.73<vy, <037V
() vg, =(11)100+3) mV
1.067 < v, <1.133V
Vo, =—5(1.133+0.003)=-5.68 V
Vg, = —5(1.067 -0.003)= -5.32V
So —5.68<v,, <532V

14.39
Vo due to V'

v, = (0.5)(1+ﬁ] =0.9545V

Wiper arm at vi=10V, (using superposition)
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v R | R (10) :[ 0.0909 ](10)
R IR +R, 0.0909 +10
=0.090
Vo, = —(1](0.090) =-0.090
Then 1

Wiper arm in center, V1 = 0 and Ve =0

Wiper armat ¥ =—10V, Vi = —0.090

So
Vyy = 0.090

Finally, total output o * (from superposition)
Wiper arm at v,
v, =0.8645 V

Wiper arm in center,
v, =0.9545V

Wiper arm at Ve,
v, =1.0445 V

14.40
A RI=RI=05]25=0490 k2
or
R'=R; =490 Q
b.  From Equation (14.75),

-6
(0.026) In (%}(0.125)&'
125%107°
22x107"
0.586452 +(0.125)R! = 0.583974+ (0.125)R!
0.002478 = (0.125)(R, —R!)
o RI—R/=0.0198kQ=19.8 O
Then
R,(1-xR, R xR,
R,+(1-¥)R_ R +XR,
05)(1=X(50) __(O5)E0X _ o0
0.5+ (1-x)(50)  (0.5)+X(50)
25(1-x)  25x
50.5-50x  0.5+50x
(0.5 +50X)(25 — 25%) — (25X)(50.5 — 50X)
(50.5—50x)(0.5 + 50X)

=(0.026) In ( j+ (0.125)R;

=0.0198

=0.0198

=0.0198
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25 {0.5—0.5x+50x —50%> —50.5X + 50x2} = 0.0198{25.25+ 2525% — 25X —2500x2}

25{0.5-x} =0.0198{25.25+2500x - 2500x"}
0.5-x=0.019998+1.98x —1.98x"
1.98x* —2.98x+0.48 = 0

_ 2.98+/(2.98)° —4(1.98)(0.48)
B 2(1.98)

So
Xx=0.183
and
1-x=0.817

14.41
R'=R [[15=0.5]/15=0.4839 kQ
R, =R, ||35=0.5]/35=0.4930 kQ
From Equation (14.75),

(0.026) In {:Cl }-HCIR' (0.026) In [I ]+ICZR'
S4

(0.026) In [ R!—i

ICl }
o R
(0.026) ln[ J_ucz { RJ

(0.026) In [ =ig, (0. 4930){1 (0. 9815)( H

By trial and error:

0 =252 uA e, =248 A

or

<L =1.0155

14.42
(@) Vo] (1m =10 J200x10°)= 0.2V

Insert resistor R,
. 200
UO|(2;1A):_0~2:_(2X10 )R3 1+— 50 =R, =9.09kQ
(b) Vo (05 = (0.8x10° 200x10° )= 0.16 V

] 200
Vol (05, = ~0.16 =~{0.5x10 °)R3[1+2—0]: R, =29.09kQ




Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 14
Problem Solutions

14.43
(@) o =—I4R, =—2x10°)150x10°)=-03V
(b) vy = —%(o.oz)—og =05V
() vy = —@(— 0.02)-03=-0.1V
d) v, = —%(0.1)—0.3 =-13V
14.44

(@) vo =(0.6x10°)250x10°)=0.15 v
(b) vy =(41)0.008)+0.15=0.478 V
(©) vy =(41)=0.0035)+0.15=0.0065 V

(d) vy =(41)0.005sin wt)+0.15 = 0.205sin wt +0.15 (V)

14.45

_p

—

Iy

0K

For lg, =1 LA, then Vo :_(1076)(104)

v, =—0.010 V
or e

b.  Ifa 10K resistor is included in the feedback loop

0K

Now Yo = ~15:(10)+ 15,(10) = 0

Circuit is compensated if o = s

14.46
From Equation (14.83), we have
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Vo =Ry ls
where R =40kQ 4 1o =3 pA.
Then

v, =(40x10%)(3x10°°)
or

Vv, =0.12V

14.47
a.  Assume all bias currents are in the same direction and into each op-amp.
Vo, = 15, (100 kQ) =(10°)(10° ) = v,, = 0.1V
Then
Vo = Vo, (=5)+ 1, (50 kQ)
=(0.1)(=5)+(10)(5x10*)
=-0.5+0.05
or
vV, =-045V
b, Connect R =101100=9.09 kO
R, =10]/ 50 =8.33 kQ

resistor to noninverting terminal of first op-amp, and

resistor to noninverting terminal of second op-amp.

14.48
a.  For a constant current through a capacitor.
1 ¢t
V0 = EJ.O I dt
0.1x107°
V. = ‘t=v, =(0.1)t
T , =(0.1)
b.  Att=10s, Vo =1V
c.  Then
100x10"
v, :T~t =v, =10t
Attzlos’ vV, =1mV
14.49
(@) 0o, =(3x10°)50x10°)=0.15V
Vg, =0.15V
20

Vo3

:—2—0(0.15)+(3x10*6)(20x103)=—0.09V
(b) R, =10[50=833 kQ

Rg =20[20=10 kQ
(©) Do, =+(50x10°0.3x10)=20.015V

Doy = +0.015V

Doy = +(20x10°)0.3x10)£0.015 = 40,021V

14.50
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a.  Using Equation (14.79),
Circuit (a),

v, = (0.8x10’6)(50x103)—(0.8><10’6)(25x103)(1+%]

or

V=0
Circuit (b),

50
v, =(0.8x107°)(50x10°)—(0.8x107°)(10* )| 1+—
= (08x10°)(50x10°) (0810°)10") 1+ 3
=4x107-1.6

or

v, =—1.56 V
b.  Assume s =07 H4A apq oo =09 #A, e using Equation (14.79):

Circuit (a),

Vo =(0.7x10*6)(50x103)—(0.9x10*"’)(25x103)(1+%]

=0.035-0.045
v, =—0.010 V
or _—
Circuit (b),
50
v, =(0.7x107°)(50x10° ) —(0.9%x107°)(10°)| 1+ =
= (07x10°)(50x10°)~(09x10°) 107 1455
=0.035-1.8
Vv, =-1.765V
or _—
1451

(a) For Vys: v, :(1+%j(i3)=i33mV
For I, : v (max)=(0.43x107f100x10%)=0.043 v
vo (max)=(0.37x10 J100x10° )= 0.037 v
So 4<vy £76 mV
(b) For Vog: vy =£33mV
For log: v =+(0.06x10° )100x10 )= +0.006 V
So -39<uv4 £39mV

©) v, =(1+%}(O.2)¢0.039

So 2.161<vy <2239V

14.52
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[ R )(15) =0.010 V
a.

R +R,
15 =0.0006667
15+R,
15(1-0.0006667) = 0.0006667 R,
Then
R, =22.48 MQ
b R =R ||R: =15]|10=R, =6 kQ

14.53

a.  Assume the offset voltage polarities are such as to produce the worst case values, but the bias

currents are in the same direction.
Use superposition:
Offset voltages

[ Vo, |:(1+%j(1()) =110 mV v, |

50
[Vp, [=(5)1 10)+(1+EJ(IO)

= |V, |=610 mV

Bias Currents:

Vy, = 15 (100 kQ) = (2x107°)(100x10°) = 0.2 V
Then

Vg, = (=5)(0.2) +(2x107°)(50x10°) =-0.9 V

Worst case: Vo1 is positive and 2 is negative, then
v, =031V vV, =—-1.51V
01 and 02

b.  Compensation network:
-
100 K

10K 10K

If we want

Re V' =20mVandV' =10V
Rg +Re

_ 833 1i0)=0.020
8.33+R.

=415 MQ

14.54
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(a) Offset voltage:
Vo, = (1 +%j(i 2)=+12mV

U, = 1242 =+14mV

Vo3 = [—;—gj(i12)+ 2)£2)=+16 mV
Bias current:
(021x10°f50x10°)=0.0105 v
or v, =(0.19x107 J50x10° )= 0.0095 v

Uoy = Vg
Doy = (= oy )+ (0.21x10 [20x10° )= —v, +0.0042
or gy =g, +(0.19x10 J20x107 )= g, +0.0038
By superposition
—2.5< 0, <£22.5mV
—4.5<0,, <245mV
~223<0,, £10.7mV
(b) Bias currents:
Doy = +15 (50x10° )= £(0.02x10 |50x10° )= v, = +1mV
Doy = +165 (20x10° )= +(0.02x10 |20x10* )= vy, =204 mV
By superposition: vg; ==fvg, £ 2(2)i 0.4
~13< vy, <13mV
-15<0vg, £15mV
-17.4<vy, <17.4mV

Vo,

14.55
For circuit (a), effect of bias current:
v, = (50x10°)(100x10) = 5 mV
Effect of offset voltage

50
VvV, =2)|1+—|=4mV
0 ()[ 50)

. Vo =9mV
So net output voltage is

For circuit (b), effect of bias current:
Let ls2 =3300A, g =450 0A, o from Equation (14.79),
v, = (450><10’9)(50><103)—(550x10’9)(106)(1+§—8j
=225x107 -1.1
or
v, =-1.0775V
If the offset voltage is negative, then
v, = (-2)(2) = -4 mV
So the net output voltage is
v, =—1.0815 V

14.56



Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 14
By D. A. Neamen Problem Solutions

At T=25°C, Vs =2mV
vV, =4 mV

b.  For | =50°C, the offset voltage for is
V,o =2 mV +(0.0067)(25) = 2.1675 mV

so the output voltage for each circuit is
v, =4.335mV

a. so the output voltage for each circuit is

14.57
a. At 1=25C Vos =1mV, en
Vo, = (l)(l+2j =V, =6 mV
10 _
and

60 60
Vg, =V, (1 +%J + (1)[1 + %j

= 6(4)+(1)(4) = V,, =28 mV
b At T=50°C, Vo5 =1+(0.0033)(25) =1.0825 mV
V) = (1.0825)(6) = V,, = 6.495 mV

> then

and

V,, = (6.495)(4) + (1.0825)(4)
or

V,, =30.31 mV

14.58
25°C; I, =500 nA, 1,4 =200 nA
50°C, I, =500 nA + (8 nA /°C)(25°C) = 700 nA
l,« =200 nA +(2 nA/°C)(25°C) = 250 nA

a.  Circuit (a): For s> bias current cancellation, Vo = 0

Circuit (b): For ls Equation (14.79),
v, =(500x10*")(50x103)—(500x10*9)(106)(1+§—8j

=0.025-1.00=>v,=-0975 V

b.  Due to offset bias currents.
Circuit (a):

Vv, =(200x 10’9)(50>< 103) =V, =0.010V
Circuit (b):
Let I, =600 nA

Iz, =400 nA
Then

v, = (400><10’9)(50><103)—(600x10’9)(106)[1+%)

=0.020-120=>v, =-1.18 V

c.  Circuit (a): Due to 's> Y=0

Circuit (b): Due to I

B>
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Yo = (700“0’9)(50“03)—(7oox1o*")(106)(1+§_8]

=0.035-140=>v,=-1365V

Circuit (a): Due to los

v, =(250x107°)(50x10°) = v, =0.0125 V

Circuit (b): Due to los
Let lg, =825 nA

Iy, =575 nA
Then

Yo :(575X1079)(50X103)—(825><1079)(106)(1+%)

=0.02875-1.65=Vv, =-1.62V

14.59
25°C;1, =2 pA, g =02 uA
50°C, 1, =2 uA+(0.020 A /°C)(25°C) =2.5 uA
le =0.2 A +(0.005 A /°C)(25°C) = 0.325 pA
a. Dueto s’ (Assume bias currents into op-amp).
Vy, = 15 (50 kQ) = (2x107°)(50x10%)
=V, =010V

Voy =v01(1+§—8j+ I (60 kQ)—1,(50 kQ)(Hi—g)

= (0.1)(4) + (2x107°)(60x10*) — (2x107°)(60x10*)4

or Vy, =012V
b. Dueto los*
Ist op-amp. Let I, =2.1 A
2nd op-amp. Let I, =2.1 4A
Iy, =1.9 uA
Vo = 1, (50 kQ) = (2.1x107°)(50x10%)
=V, =0.105V
Vo, =V, (1+%j+ I5,(60 kQ)—1,,(50 kQ)[H%j
=(0.105)(4) +(2.1x107°)(60x10*) = (1.9x107°)(50x 10* )(4)
or
vy, =0.166 V
c. Dueto's’

Vo = (2.5%107°)(50x10°) = v, =0.125 V

Vo, =V, (1+%)+ I5(60 kQ)—15(50 kg)(u%j

= (0.125)(4) +(2.5x10°)(60x10*) — (2.5x 10°)(50x 10° (4)

Vy, =0.15V
|

Due to '0s -
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Let I, =2.625 uA

I, =2.3375 uA
Vy, = 15, (50 kQ) = (2.6625x107°)(50x10°)
=v, =1.133V

Vo, = Vo, [1+%)+ I, (60 kQ) — I5,(50 kQ)(Hi—g)

= (0.133)(4) +(2.6625x10°)(60x10°) — (2.3375x 10°)(50x 10°)(4)
or

Vy, =0.224V
14.60
50
a) A, =—=5.0
(a) Ay 10

For common-mode, v,, =v,,
From Chapter 9,

If R,=50(.015)=50.75, R, =10(1-0.015)=9.85
R, =10(1-0.015)=9.85, R, =50(1.015)=50.75
50.75

" oss 5075 615028

Then A, = = ~5.15228=5.046x10°°
1. 985 985 1.19409
50.75
If R,=10(1.015)=10.15, R, =50(1-0.015)=49.25
50.75
1+

9.85 5075 _6.15228

Then A, = - —5.15228 = —0.051268
11015 985~ 120609
49.25
If R, =4925, R, =10.15
, 4925
4925 585222
Then A, ——10:15 4925 585222, osyrs_ 4 04377
1, 985 1015 1.19409
50.75

Now CMRRg (min)= 20 logm[ =39.8dB

5
0.051268}
(b) R, =50(1.03)=51.5, R, =10(0.97)=9.70

R, =50(0.97)=48.5, R, =10(1.03)=10.3
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L S1s
970 515 630928

1, 103970 C1.21237
48.5

1
-5.30928 =—-0.10519

Ao =

5
CMRR,, =20log, | ——— |=33.5dB
® g‘°(0.10519j

14.61
(8) CMRR, =50 dB= CMRR =316.2

Al =—>—=001581
316.2

From Problem 14.60,

A =-0.01581 = 100=x) 50 +x)
10(1+x)

=]+X

X is small, so that
1-x

1+ 501+ x)1+x)

1+o.2(1+x)(1+x)_S(HX)(1+ ¥

Then —0.01581=

Neglect x*,

1+5(1+2x)
1+0.2(1+2x)
(=0.01581)1+0.2(1+ 2x)] = 1+ 5(1+ 2x) = 5(1 + 2x)[1 + 0.2(1 + 2x)]

We find (1+2x)° —0.003162(1+2x)-1.01581=0=> (1+2x)=1.009456

Then X =0.004728 = X = 0.4728%
(b) CMRR,, =75dB, = CMRR =5623.4

Acm = 5
5623.4
Then (~0.00088914)1+0.2(1+2x)]=1-(1+2x)’

-0.01581= —5(1+2x)

=0.00088914

(1+2x)* —0.000177828(1+2x)—1.00088914 = 0 = (1+2x) =1.0005334 = x = 0.0267%
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(@) Noninverting amplifier
g1tz Re g, R, =210kQ, R, =30kQ
At nonin\l/ertinglterminal
RC=_2 : =5.305x10"°

27t 22(30x10°)
Let input C =0.001xF, then R=5.305kQ

(b) Set R, =15kQ, R, =300k for inverting amplifier

1 1

R,C = =7.958x10"°
27t 22{20x107)
Put C in series with R,
-6
=M:>C =530.5pF
15%10
15.2
@ [T|= 2 ; =0.4061= -7.83dB
1+(15
1
(b) [T|=—=—==0.2841=-10.93dB
= J1+(15)°
1
€ [T|=——=——==0.1938=-14.250B
= J1+(L5)°
1
(d) |T|=——=—=—==0.1306 = -17.68dB
= J1+(1.5)°
15.3
[T|=-6dB, =|T|=0.50
0.50 = 1 = L
' B 2N B 2N
\/1{1) Vi+(111)
0.9

15.4
(@) From Figure 15.8(a)

RC = ! = ! =6.366x10"°

27ty 27(25x10°)
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Let C=0.001F, then R =6.366 k Q2
And R, =(0.707)R =4.50k Q
R, =(1.414)R=9.0kQ

(b) () [T|= 1 06123=-426dB

4
1+ 25
22

(i) [T|=—=—=—===0.707 = -3dB

4

[y
+
VR
[l l\)‘l\) =
gl o
N—
£

(i) [T|=———=—==0.7819= -2.14dB
1+(25
28
155
1 1 "
(@ RC= = =7.958x10
27fy 4 27(20x10%)
Let R=20kQ, then C =397.9pF
And C, =(3.546)C =1411pF
C, =(1.392)C =553.9 pF
C, =(0.2024)C =80.5pF
(b) () [T|= 1 _09923=-0.0673dB
10)°
1+ —
20
(i) [T|= ;6 =0.9214 = -0.711dB
1+(15j
20
(iii) [T| = 1 _07071=-300B
20\
1+ —
)
(iv) [T|= L _04557=-6.83dB

(6]

)G

6

1+(2

8|
o

M) [T]= =0.2841=-10.9dB

—
+
7N\
N‘w =
SIk)
N—
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15.6
From Equation (15.7).
T(s)= LAE
Y.Y, +Y, (Y, +Y, +Y;)

For a high-pass filter, let " =2 = C

1+ ! 2+ !
sR,C sR,C

Define 7, =R,C and 7, =R,C

1—‘[2— ) J
T, o7,
P

o’t,r, ) or,

2 -1/2
. 1 4
T(jo)=11-
T(jo) {[ wz%J +w215}

For a maximally flat filter, we want
||
do

Taking the derivative, we find

=0

®—>0

dT( 2 -3/2
—| Jw):_l 1— 21 + 242 x| 21—
do 2 O°T,T, o°r,

or

1

2

4(-2)

2
01,7,

I

3
W T4T,

}

3.2
w’t,

|
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d[T(jo)
dw

| D—>0

0
4 1 8
H 3 ](1_ 2 J_ 3 21
W T,4T, 0°T,T, o°t;
4
»°

1 1 2
1-— =
T3T, w°T,T, T,
Then

1 1- 21 _% 0
T4T, 0737, ) Ty |

So that i=£:>2‘[3 =7,
Ty Ty

Then the transfer function can be written as:

'T““":{[l‘wzfzr;ﬂz*w@s)}m

3-dB frequency

20tz =10or o= LI !
\/5(73) \/E(RS,C)
Define
=
RC
So that
R
R, =——
P2
We had 27, =7, or ARC)=RC=R,=2R,
R, =v2R

So that ——

15.7
-14dB=|T|=0.1995

2
0.1995=;2N:>(1.2)2N :[ L j ~1=241
JIr@2) 0.1995

N=9, 9" order filter
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15.8
-12dB = [T|=0.2512

1 1Y
0.2512= ———— = (1.333)"" -1=14.85

(4JZN 0.2512
1+ —
3

N=5, 5" order filter

15.9
1
et
1+[ f ]
deB
At f =12 kHz, =09
0.9= ! = !
f 2N 12 2N
deB f3dB
2 Y 1
[ j -1=0.2346
faae (0 9)*
Also
0.01= ;
2N
1+[ 14 J
deB
14 " 1
=~ -1=9999
fam (0.01)
2N
14 j
.I: 2N
LZN = (E) = 9999 =4.262x10*
12 \J 12 0.2346
f3dB
(1.16667)°" = 4.262x10"
N =35
Then
09= o
12 2N
1+[j
3dB
j =0.2346

[ 3dB
( SdB

j . 2346) = (0.2346)°28

=0.9795
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So
fae =12.25 kHz

15.10
1 1
@ |- -
2N 2N
\/1+( 1 ] Vit (L.25)
0.8
For N=3, [T|= ﬁ =0.4557 = —6.83dB
1+(1.25
(b) For N=5, |T|:ﬁ:0.3114:>—10.1 dB
1+(1.25
(c) For N=7, |T|:ﬁ:0.2053:>—13.8 dB
1+(1.25
15.11
1
@ [T|=——
i 1+(1.4)"
1
For N=3, |T|=————=0.3424= -9.31dB
J1+(La)
1
(b) ForN=5, |T|=———==0.1828=-14.8dB
J1+(L4)°
(c) ForN=7, |T|:ﬁ:0.0944:>—20.5 dB
1+(1.4
15.12
Consider

v;

Vo R +Ry
For low-frequency: i Rt Re+Rs
Yo__R
Vi Rl + RZ

For high-frequency:
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So we need

R, +R, o5 R,
R+R,+R, | R +R,

L

| =

5

| -

Jr Ju f—

_ R, =15kQ =R =485kQ
Let R+R =50k o 4 R, =15kQ=R =485

Then

15+R, _ 25(Ej — R, =144kQ
50+ R, 50 ) ———Tc

Connect the output of this circuit to a non-inverting op-amp circuit.

1

AVAYAY
Ry
NV =
=
—8 |
v, e— +
At low-frequency:
yyo RertR | 154144 oo,
R +R,+R, 485+1.5+144
=25.

Need to have Yo

R R R
v, =25=|1+—=|-v, =|1+—=|(0.75)v, => —==32.3
R R R

4 4 4

To check at high-frequency.
Ry 15 ooy
R +R, 1.5+485

v, = (1+32.3)v,, =(33.3)(0.03)v, = (1.0)v,
which meets the design specification
Consider the frequency response.

Vol

R, +R, —1
Vor _ sC
A 1
" R+R +R|—
1 2 3 SC
Now
1 R,

3

sC  1+sR,C
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Then, we find
Vy  Ry+R,(1+5sR,C)
v, R,+(R +R,)(1+5RC)
which can be rearranged as
Vo (R, + R3)(1+5(R2 Il Rs)C)

v, (R, +R, + R3)(1+S(R3 (R + RZ))C)

So
- 1 ~ 1 ~ 1
" 272(R,|IR,)C  27(15]|144)x10°C  (9.33x10°)C
- 1 ~ 1
" T 2x(RII(R+R,))C 27 (144]50)x10°C
~ 1
(2.33x10°)C
Set
25 kHz = a 1 t !
2 2| (9.33x10°)C  (2.33x10°)C
Which yields
C=2.23nF
15.13
dB
0
=100
| I
} :
12 kHz T10kHz f —
1 5
|A|= ——=—=-100dB =10
/14—[ f ]
f37dB
So
10° :;ZN
1+[7—70j
\I 1
or

2
1+(64.2)*" :(10%] =10"

or
(64.2)*N =10%
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Now

Left Side

W N Rz

4.112x10°
1.7x107
7x10%

So, we need a 3" order filter.

15.14

dB

=50

Ji 60 Hz Ju

Low-pass; —50 dB = 3.16x10°°
Then
1

3.16x10° = 1
Y 60)

\/1+[] \/1+(]
fL fL

We find fL =337 Hz
High Pass:

3.16x10° = ! = !

fH 4 fH ]4
_H 1 _H
RCRAE

Bandwidth: BW = fu — fL =1067-3.37=
BW =1064 Hz
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15.15
a.
Vil Ve Vo n
Y
sC
v Vg,
0 __ 2
R, ( 1 ) (2
sC
Y Y
R051 :_RL:DVOI —Vo2 (3)
Then
VU VOZ
=+
2], el
sCJ or SR (2)
And
Vio W 1) Y%
R, R, |sRC (1)
Rl —=
sC
1 1
=-V, + 1
I R,(sR,C) R, -(1/sC) @
i R, +(1/sC)
L, 1 14sRC
_RS(SRZC) R,
__y | R+ @+ SRO)(SR,R.C)
’ (SC)RR,R,
Then
Vo_ 1 (SC)(RR,R;)
v,  R,| R +5R,R,C+s’RR,R,C?
or
_1
vV, R
A()=-—"2= . 1
il Z4sCH
SCR,R,
1
. R
A(jo) = —3
—+ joC +
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or

{a)RlC— R }:0
‘A\l‘max when @CR;R,
Then
_R_8 -
|A/|max - R4 3 :>|A/|max 28.3

Now

1
lec[l—zzl}:o ®=
®*C?R,R, or  CVRR.

Then

1 1
f = =
27C\JR,R,  27(0.1x10°°)4/(300)?
So
f =5.305 kHz

To find the two 3—dB frequencies,

R
wRC-———= =+1
wCR,R,

®’RR,R,C? R, =+wR,R,C

©” (85%10°)(300)? (0.1x10°)? —85x10° = £ (300)? (0.1x10°°)

®° (7.65x107°) —85x10% = +w(9x107%)
®°(7.65x10°) + w(9x10°%)-85x10° =0

£(9x10°) J(9x10®)? +4(7.65x10°°)(85x10°°)

T 2(7.65x10°) 2(7.65x10°)
We flnd f =5.315 kHz and f =5.296 kHz
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15.16
a.
Vi =V Va
= 1
. ( T ) ®
sC
v, Vg VgV,
= 2
R R (2)
and Va=Vs
So
v, (l ] (1+SRC]
—=V,| =+sC |=v,
R R R (1)
or
Vv, = v
A7 1+sRC
Then
2V
V, +V, =2v, =2V, = ! 2
I 0 B A 1+SRC ( )
2 1-sRC
Vo=V, | ———-1|=Vv,| ——
1+sRC 1+sRC
Now
V, . 1- joRC
L= Ajo) =T
v, 1+ jwRC
2p2p2
1+ @?R*C?
Phase:

$=-2 tan'(wRC)
b RC=(10')(159x10°) =159x10"

f 4

0 0

102 -11.4
5x10° -53.1
1/27RC =10° Hz -90°
5x10° -157

10* -169
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15.17
a.

Vi, ViV, _
R, R,|I(/sC)
V, V, -V,
_+—
R, R,
1+sR,C
R 1
1+sR,C

Vo _ R +R(@+sRC) (R + R)[1+5s(R || R,)C]
Vi

=0

V) +V =V,

R (1+5R,C) R (1+5R,C)

:sv_(lR_){M}
Vi R )| (+sR,C)

f B 1

= le T RC
TR

= f —;
= 2r(R|IR,)C

Vi + i 0 :0
RI@SC) R,

v, Vv, V,
+L=-2
RZ

Rl Rz
1+5RC

v, {% (1+SRC) +1} =V,

<

~-[R, + R, +sR,R,C]=V,

_t
2z (R, || R,)C

<|< |

- RZFlel SERGY Rz)c]:»‘v’—‘::[ui—j[us(& IR)C]= =

15.18

V. 4,
R +(/sC,) R,|(/sC,)

v sC, _V 1+sR,C,
' 1+sRC, °l sC,

—sR,C, B —sSR,C,
@+sRC)(A+5SR,C,) 1+sSRC, +SR,C, +s’RR,C,C,

Vo
V,
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or
T(S):VJ:_&. 1
Vi R ! [1:R .S +5R,C,
SR,C, R G
b.
. 1
‘T(Jw)‘:_izx p 12
1+&.& +| wR,C, !
R G RC,
[a)chz —10] =0,
when oRGy we want
\T(jw)\:SO:&- L

R [“Rz.cz}
R C,

At the 3—9dB frequencies, we want

et )
oR.C, R C

For T =5KHZ, e + signand for f =200HZ, g6 — sign.
w, = 27(200) =1257
o, =27(5x10%) = 3.142x10"
Define 7, =R,C, and 7, =R,C,
Then
50 Ry 1 @h)]
Ry 1+ 72
21

From (2)
witr, -1 T +7,

0,7y 7y
or
0,77, —— =7, +7,
@,
1
(@7, -1)=—+7,
2
So

—+7,
@,

T, =
0,7, -1

Substituting into (3), we find
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o7, — 1 — |14+ (i’zfz 1)
1
(-‘rfzj ;+Tz
w, 2
' (‘0212 _1)

1 1 1
o7, L}—Jr 12}—;(60212 —1)= —Hw—Jr 12J+ 7, (a)zrz —1)}
2 1 2

R TS S S
Ty T 7, P! = Ty —WyT,; T7,
@, o, o, @,
w, o 1 1
2 1 2 _
(a)1+a)2)12+ ———r,+|—+—|=0
w, o W,

(3.2677x10 )r2 —24.967, +8.273x10* =0

| 24.96++/(24.96)° —4(3.2677x10* [8.273x10*)
2(3.2677x10*)
Since w, is large, 7, should be small so use minus sign:

r, =347x10° s

T2

Then
-5 -5
/- 3.18x10 +3.4Zx10 7, =732x10"s
9.09x10"
Now
R 1
R, 347x10°
7.32x10™
Then
& =52.37
R, or R =524 kO
Also

7, =R,C, sothat C, =0.0732 u F
7, =R,C, sothat C, =66.3 pF

15.19
Two noninverting amplifiers,

2
(1+&] =30dB==31.62

1

. . R
which gives R—Z: 4,62, then R, =250k Q, R, =54.1kQ
1

For high-pass filter:
1

C= 1 =7.958x10°°
27(20x10°)

Set R=250kQ, then C =31.8pF
For low-pass filter:
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C=—"—-=1.061x10""
27(150)

Set R=250kQ,then C=0.00424 uF

15.20
1
a) R, = =R, =40MQ
@ R (50x10°Jo.5x10%2)
1
b) R = =R, =10MQ
®) Ry (50x10%f2x10%2) "
1
c) R, = =>R_ =2MQ
€) Ra (50x10°J1ox10%2)
15.21
a.  From Equation (15.28),
V, -V
Q: 1 2 T
Ry °©
T. = ! =10 us
and fc =100KHZ o5 a¢ € 100x10° g
Now
R, = 1 L =1MQ
“ f.C (100x10%)(10x10*?)
So
-6
Q:M:mxloﬂ C
10°
or
Q=10pC
| _Q _10x10®
b T 10x10° g =1HA
c. Q=CV o find the time that Yo reaches 99% of its full value.

V, =V, (1-e'*) where r = RC

Then 0.99=1-e7"'* or e*'* =0.01
or t=71In(100)

7 =RC = (10°J10x10)=10"s

Then
t=461x10"°s
15.22
. C,
gain=-10=—=10
Low frequency <
f. =10x10° Hz = feC,
27C.

Set
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f. =10f,,; =100 kHz
Then
3
C, _ 27[(10><1(2 ) — 0628
C.  100x10

G so let

The largest capacitor is
C,=30pF

Then
C,=3pF

and
C. =4.78 pF

15.23
a.  Timeconstant =7z =R,C where
1 1
R =1 .~ 100x10°)5x10 )
cYvi
Then
7 =(2x10°J30x10%)

=2x10° Q

or
7=60us

b. v, :—%J.v,dt

or

Av, :—(1)(TC) and T -
T fc
So
1

Av, = - 3
(60x107)(100x10%)

or
AV, =0.167 V

¢ Now AV =13=N(0.167)
or

N=78 cjock pulses

15.24
1 1

@ f,= -
2743RC  274/3(20x10° J0.001x10°
f, =459kHz, R, =8R=160kQ
1 1
(0) C-= -
273R T, 274/3(20x10° |25x10°)
C=184pF, R, =160kQ
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15.25
a.

R { SRC, ]
v, = "V, = v,
R+(L/sC,) 1+ SRC,

L__R .V_( SRC j'v
2 1 % (1+srRC)

v o_R ~v—( SRC j.v
s 1 % (1+sRC) 2

V__&( sRC T RC, ),
" R\1+sRC) (1+sRC, | °

Set S= 1@

1-_ R -»’R*C? jowRC,
R |1+2jwRC-w’R*C? )| 1+ joRC,

The real part of the denominator must be zero.
1-®’R*C* -20*R°CC, =0

SO
o 1
° RJC(C+2C,)
b,
1
fO ax —
27(10*)y/ (10 )10 + 2[10])
£y ey = 919 kHz
B 1
" 2210410 ) A0 + 2[50x1072])
£, i = 480 kHz
15.26
@ oLl _ 1
27\[6RC  27/6(12x10° J150x10 %)
f, =36.1kHz, R, =29R =348kQ
1 1
(0) R= -
27\/6C T,  276(0.001x10°° J22x10°)

R=295kQ, R, =29R=85.6kQ
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15.27
Vo — Vi _ ﬁ ViV
T "rRTTI @

sC sC

or (v, —Vv;)sC = V—R1+ (v, —v,)sC

vllv2 Ve, 1v2 @
— R —+R
sC sC
or (v, —v,)sC Yoy v, (sC)
R 1+sRC
V., Vo
= ®)
—— +R 2
sC
or v,sC __ Vo
1+sRC R,
S0
v, =—%_(1+ sRC)
2 sR,C
From (2)
1 sC
Vl(SC):VZ[SC+E+1+sRC}
or
__V%(@+SRC) [ L1 1 }
' SRC SRC ~ 1+SRC
From (1)
Vv, (sC) = vl[sC +%+SC}—VZ(SC)
Then
vo={2+ 1 } —V,(1+sRC) ){1+SRC+ 1 }L % (14 sRC)
sRC sR,C SRC  1+sRC] sR,C
_1_[1+25RC} 1+3sRC || (1+3SRC)* +sRC | 1+sRC
sRC sR,C (sRC)(@@+sRC) sR,C
- (1+2sRC)(1+2sRC +5°R*C* +sRC) _ (1+sRC)(sRC)*
(SRC)?(sR,C) (SRC)?*(sR,C)
(1+2jeRCY1+3jeRC + ©?R°C?)  (1+ joRC)- w?R’C?)

Set s= jw, then -1= —
. (~w?R?C?)juR,C) (~w?R?C?)jaR,C)
The real part of the numerator must be zero.
1-w’R’C? -60°R°C? + @*R*C* =0

6w’R2C? =1
so that
J6RC

Condition for oscillation:
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2joRC +3jwRC -2 jo’R’C? + jo®R%C?

1=
(-0°R’C*)(jowR,C)
_ 5-@’R’C?
(@RC)(wR,C)
But
PR
* J6RC
Then
g 1 (5—1)(6R2C2)
1= 6___\ 6
(RC)(R,C) RR,C?
6R?C?
(ZGQJ(GR) -
1=~27  or2_29
R, R
15.28

Let Rey =Re, =Re3 =Rg

R
Uy =|1+—— ! j-uo
R \1+sRC
R 1
v, =|1+— v
o2 ( Rj(usch o

Yos TWo2 |, Yoz | Pos _
R ]/sC R

003(%+ SCj :%

1:—R—F 1+R— j

R R 2+5RC 1+ 1+sRC
Let s= jw

1=——F 1+R— !
R R 2+ ja)RC 1+ ja)RC 1+ joRC

:_R_F 1+R_F
R R 2+ja)RC 1+2]a)RC w’R?*C?

Re Re

; 1RCJ(1+%FJ(1+;C

j.u(,

2
=-—|1+— 2p2~2 : 3033
R R 2+4ja)RC—2w R%C? +ja)RC—2a) R°C* - jo’R°C
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5% o
R R ) | 2-40’R*C* +5jwRC — jo’R*C?
Imaginary Term must be zero
5jw,RC - jwiR’C® =0
5- jo?R*C* =0

3l&

Wy =

15.29
(a) 1% stage:

2" stage:

Vo2 = — 1+R_F Vo
1+ joRC R

At node of C,:

%+0A(jaﬁ)+%:ODUA:2+l}%
3" stage:
pg=—Re o Re Vo
R R (2+ jwRC)
Now

R 1 1 R
UO ___F. 1+_F P
R (2+ joRC)\ 1+ jeRC R |1+ jeR,C

2
1=_R_F 1+R_F . 1 . 1 .
R R) (

From the denominator, we have:

(2+ jeRC)1+ joRC )L+ jaR,C)=(2+3jaRC - 0°R*C? 1+ jaR, C)

[2-0?R?C?)+3jaRrC]i+ jaR,C)

—(2-?R?C?)+3jaRC + jaR, C(2- ©°R?C? )-30°RR, C?

For oscillation, imaginary part must be zero.

2+ jaRC) (1+ joRC) (1+ joR,C)
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30,RC +o,R, C[2- ?R?C?)=0
3RC +2R,C - @ZR,R*C? =0

Sothat w, = 1 [3R+2R,
"RC| R,
1

R R,
(b) 1=--—+ 1+_J 2p 22 2 2
R R) (2-w?R?C?-3w?RR,C?)
Consider the term:

2-0?(R’C? +3RR,C?)=2-

3R+2R
= £2% R2c? +3RR,C?)
R2C? Ry
R+2R, |, 3R :2RRV—(3R+2RV XR+3R,)

R, R RR,

_ 2RR, —(3R? +9RR, +2RR, +6R?)  (3R?+9RR, +6R?)
- RR, - RR,

Then

RF
R) (3R? +9RR +6R?)
For R=R,

_F R_F
R 1R2
2
Re
Or 18=—F|1+ Re :>_:2
R R R

(c) For R, =15kQ,

f, = L (25)+205) _ ¢ _ 1684k
27(25x10%0.001x10°°) 15
For R, =30kQ,

f, = 1 3(25)+2(30) _, f, =13.5kHz
27(25x10% J0.001x10°?) 30
So 135< f, <16.84kHz

15.30

@ 2T vy (joc)+ ez —0

2 . v )
— 4+ C()C :_O+£
U01[R J j R R
Then (1) v, (2+ joRC)= vy + v,
Vo2 =Ug +Uoz(ja)C)+ Vo2 guos -0
S0 (2) Uy, (2+ jWRC) = vy, + g,
Vo3 — Vo, . Uos
— "4V oC)+—==0
R 03(1 ) R
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And (3) vs(2+ joRC) =0y,
R
Also (4) v, = —?F Vos

Vo

From (1) ve,(2+ joRC)=vg + 00, (2+ joRC) = vy, :mww

From (2) U03(2+ jWRC)Z =Ug T Vo3 = 003(2"' jCURC)Z = 2005 + (2+l;o RC)
ol
; —w?R2C2-2)= Yo
Dos(4+4jaRC - ) T o)

Vo

(2+ joRC)2-w?R?C? +4jwRC)

Vg3 =

Using (4) v, __Re. : Yo _
R 2+ JoRCI2- o R°C7 - 4j0RC)
Re 1
_?' [(2)(2_602R2C2)+8J60RC+ ijC(Z_wZRZCZ)_4w2R2C2J
For oscillation, denominator must be real, so

8w0R0+wORC(2—w§RZCZ)=0:>wo:%
Re 1
b) 1=-
®) R [2)2-wZR?C?)-402R?C?]
1-_Re 1 __Re, 1 __Re 1
R 9, 2p2n~2 4 2Q2~2 —
l4-207R?C? —40?R?C?| R {4 6( 10 ch} R (-56)
R2C?
or Re_sg
R
© C- Vio V1o

_ = C=0.00114 uF
27 f,R  27(22x10° J20x10° ) g

R; =(56)R=R; =1.12MQ

15.31

v
(a) OIR—+ 001(

oC)+

o[ +— +ja)CJ
1 )

oC | =20 o2

UOI[R"R * J R, TR

Then (1) v, 0+ jo(R|R, )= (R|R, ( o, Vos ]

Vo1 —Vos Uoz _

R, R
From Problem 15.30,

(2) vo, (2+ jCURC) =Ug; tUo3

(3) Vo3 (2+ ja)RC): Vo2
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(4) vo = _?F'Uoz

From (2), 0g;(2+ jaRC)’ =g, + g5 = Vg, = Vo [(2 + joRC)’ —1J

Then (1) v, |(2+ joRCY ~1f1+ jo(R|R, ) )= (R||RV {“—%”—;3(2 ; ijc)}

1)03{[2+ij(: ~1fi+ joR|R, Jo)- 2L (2+ jeRC }z(R"R )- 2o .

RF _(R"RV)_U . 1

Then, ovy=—-—7 o
R R
' {[2+]a)RC ~1fi+ jo(R|R, )- ”:V (2+ja)RC)}

"

Consider the denominator:

[4+4jorC - w?R2C? —1f1+ jo(R|R, )O)- RIR, (2+Jch)

(3-w?R?C? +4jeRC )1+ jolR|R, k)~ RV (2+ joRC)

For oscillation, the denominator must be real, so
4jw,RC+ jo, (R|R, c[3-w2R?C?]- " ©,RC =0
4R+ (R|R, B-@2R?C?]-R|R, =0
4R +2(R|R, )= 02 (R|R, RZC?
Sotha’tco—1 4[ R J +2
R|Ry
(b) For R, =15kQ,

o= : 425) 5, 1, = 2286 kHz
27{25x10° |0.001x10°° ) | 2515
For R, =30kQ,
1 4(25)

f, = 2 = f, =19.45 kH
* = 22(25x10° J0.001x10 ° )| 28530 ° ’

So 19.45< f  <22.66 kHz

15.32
a.  We can write

R Vg = % v
VA_(R1+RJV° and ¢ (zp+zs °

1 R
Z,=Ry|l——=—1t—
where sC;  1+sR;C,
7 _R 4+ 1 _1+sR,C,
s A
and sC, sC,

Setting Y~ = V&' we have
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RB
R 1+sR,C,
R +R, Rg +1+ sR,C,
1+sR;Cq sC,
R _ SR,C, M
R, +R, sR;C,+(@+sR,C,)1+sR;Cy)

To find the frequency of oscillation, set S = 1

of Equation (1) equal to zero.

The denominator term is

joR,C, +(1+ joR,C,)(1+ joR;Cy)

or

joR,C, +1+ joR,C, + joR,C, —®’R,R,C,C, 2
Then from (2), we must have

1-wiR,R,C,C, =0

or

and set the real part of the denominator on the right side

1

R S
* 272 R,R,C,C,

b.  To find the condition for sustained oscillation, combine Equations (1) and (2). Then

R _ joR,C,
R +R, joR,C,+ joR,C,+ joR;C;)
or
1+&:1+&+&
Ri RB CA
Then
R_R, G
Rl RB CA
15.33

a. We can write

R
V= Vo
Ri+R,

and
R||sL
Vg =| —————— |v,
R|IsL+R+sL
Setting Y~ = V&' we have
SRL
R _|__R+sl |,
| SsRL 0
Ri+R, —+R+sL
R+sL
R, SRL

@

R+R, SRL+(R+sL)’

To find the frequency of oscillation, set S~ J® and se the real part of the denominator on the right side
of Equation (1) equal to zero.
The denominator term is:
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joRL+(R+ jolL)?
or
joRL+R? +2 joRL - 0?2 ()
Then
R -2 =0
or
1 R

f, —

=§. -

b.  To find the condition for sustained oscillations, combine Equations (1) and (2).

R.2 jeRL 1
R+R, joRL+2jwRL 3
Then
R

1+-2=3
R

so that
R

B R
Rl

15.34

f 1

° " 2RC
11
“2zf, 2x(35x10°)
Let C=0.001xF, then R =455k Q)

RC =4.547x107°

Set R =2
R1
15.35
0 = 2K, 15 =24(0.7)0.8) =1.497 mA/V
% =9,R=(1497)2)=2.993
1
C, 23(0.02)=0.06 u F
S S
L C1C2
C,+C,
-6 2
Then | (0:02)0.06)x10°® | L — L=138xH
0.02+0.06 27(350x10°)
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15.36
V.o =-V,
VO +V_O+VO _Vl = mV;r = ngO
L) RO(1
sC, sC,
V, {SC2 +sCl+Ri+ gm} =V,(sC,) @
L
Y YV +9,V, =0 ()

sL 1
<)
v, (i+sclj _V,(sC,+ 3, )
sL

_Vo(sCi+9,)

(l+ sClj
sL

Vl

Then

Vo {S(Cl +C,) +i+ gm} _ Vo (sC)(sC, +9,,)
R, ( 1 j
—+sC;
sL

1 1
{S(Cl A g”’}[s_ﬁsclj = 5C,(sC, +0y,)

L

ﬂ+szcl(cl+C2)+L+s_cl+sgmcl+g_m
L SR, .
GG ge LG, G
SRLL RL SL
Sets= jo
C, +C i oC
g_a)zclcz_’_- 1 +Ja) 1+-gm :0
JoR L R jolL
Then
“)ZZﬁ:%: G +Cy
CC,L CC,L
and
gJ+ 1 :a)C1
ol a)RLL RL
Then

O 1 (C+G)C
L RL CGC,LR
1 C+C,

R, CR

On +

c C
ngL +1:C—l+10r_1: ngL

2 2

L= s’C} +s9,C,
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15.37
a.
V V V
2 +24g, V. +—2—=0 (1
s R =S +sL
sC
L
V, ==V, )
1
—+sL,
sC
Then

1 1 sC g, (s°L,C)
R o > =
sL, R 1+s°L,C 1+s°L,C

R(L+s°L,C)+(sL,)(1+s*L,C) . s’RL,C +g,, (SRL, )(s’L,C)
(sRL,)(1+5°L,C) (sRL)1+5°L,C)

Set $= 12 Both real and imaginary parts of the numerator must be zero.
R(l-»’L,C)+ joL (1-»’L,C)-w’RLC +(jog,RL)(-»°L,C) =0

Real part:
R1-w’L,C)-w*RLC =0
R =w?RC(L, +L,)
or
JC(L+L,)
b.  Imaginary part:
joL, (1-0°L,C) - jog,RL, (#’L,C) =0

L, = »’L,L,C +9,RL, (@’L,C)

1=———[L,C+g,RLC
C(L1+L2)[z +9,RL,C]

L L
l1=—2 (1+g,R)= > =(+g,R
L1+L2( 9,R) B 1+9,R)
or

L,
2L _qR
L O

15.38

(@) (1) gV, +C+ St (v, -V, [ jeC)=0
R JolL,
@V, =V -V, XjeC)joL,)
v, - w’CL, )=V, (0’CL,)
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Ve (0?L,0)

T 0’L,C-1
. 1 1 .
Then (1) V, (g, — joC)+V.| =+——+ joC |=0
R Jol,

»°L,Cg, — joC 1§ .
vc-( ZZ)L(g - )+vc-(——i+1a)c -0
o°L,C-1 wl,

ZL 2
9a0°LC 1. a;C—i—“’CZ(“’ Lc)|_,
o°L,C-1 R o, °'L,C-1

Set the imaginary part equal to zero.
©’L,C-1 oCl0’L,C)
wl, »’L,C-1
(0°L,C -1)0?L,C -1)= (0’ L,C)0’L,C)
o'LL,C*-0°L,C-0’L,C+1=0"LL,C?
wi(L, +L,)C=1
1

So o, =

(Ll + LZ)C
(b) Set the real part equal to zero,
I L,C +£_
o’L,C-1 R
9,Rw?L,C =1-w?L,C
w?L,C(g,R+1)=1

Then wzljng+1:M
(L +L,) L,C
We find ng:i
LZ
(© C= 21 = 12 = C =450 pF
(27, )} (L +L,)  [ex(750x10° ) (100x10°¢)
ng:izlzR:i:i:R:33.3Q
L2 gm 30
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15.39

@

=0 2)

1) v
Vg (SC +EJ :Elj vV, =Vg (1+SRC)

From (1)
V,(sC) =v, (SC

or

+£j_v_s
R R

Vo (SRC) =V (1+SRC)(2+SRC) — v, =V, [(1+SRC)(2+sRC) —1]

Now

.
T(s)=|1+—2
(S’(W«J

or

sRC

| (1+sRC)(2+5sRC) -1

R
T(s)=|1+-2
(S’[W«J

[ sRC }
| S?R?C?+3sRC +1

T(jw) =(l+&

R,

joRC

[

Frequency of oscillation:

1
f, =
27RC

Condition for oscillation:

1=(1+

R JL3]

&J{ joRC

wRC}

J{l—w2R2C2+3ja)RC}

R,

R

I

SRC

2+3sRC +s?R°C? -1

)

15.40
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Vp—V, Vv, V-V,

0 :0
R
sC sC
%Yo oy .sC v, -sC=0
1)
VeV Ve g
1 R
sC
v, sC+i =V, -sSC=v, =V, L+ SRC
R sRC
()
From (1)
Vb[l+23Cj:V—°+va-sC
R R

Substitute (2) into (1)
(l+ sRCj(lJr ZSRC) v,
v, =R +v,-sC

sRC R
v, {(1+ SRC)(1+2sRC) —sc} A
(sRC)-R
v, [(1+ SRC)(1+2sRC) sRC} v,
sRC
V, (1+sRC)(l+2sRC)-s’R*C?
v, sRC
v, SRC
v, 1+3sRC +2(sRC)’ —s’R*C?
Y sRC

a

V. 1+3sRC+ (sRC)?

0o

T(s) :[1+&J. RC____
R, ) 1+3sRC + (SRC)

T(jw)=| 1422 | — J@RC
R, )| 1- @?R*C? + 3jwRC
o 1-@IR?C? =0

1
fo =2 RC

Also 1:(“?{]@
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1541
YooVi Y Vi7Ve 6
sL R R

Ve :[RiLsLjvl @)
or

V, = ( R+ SL] v,

sL
Then

v, [1 2] Vg

7:\/1 _—— |-

sL sL R R

A [R+5L)( 1 2} Vg

— = — || —+— VB -

sL sL sL R R
v R+sL ) R+2sL _1

® sL SRL R

Vo 1

® sL [(R+sL)(R+2sL)—(sL)*
(sL)(sRL)

or

@)

Then

Now

SRL
T(s)=|1+-2=
©) [ RJ(R2+35RL+232L2—52L2)

or

SRL
T(S) =1+ -2 || o
) [ le(szL2+35RL+R2j

And

. R joRL
T =|1+—-%
(o) ( le(Rz—a)zL2+3ja)RLj

s

e

Frequency of oscillation:
Condition for oscillation:

2]

or
Ry
R

1
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15.42
by Ry [RetRw)
| Rl REF Rl REF

Set R,; =20k Q
For v, =-2V, set R,, =0

—2:—§(5): R, =50kQ

1

Then
420 R) g o ook
50
15.43

For v, =10V, v, =5V

i:O.ZmAzlo_—(_S): R, +R, =75kQ
R, +R,

R
(VTH _VTL):R_l(VH _VL)
2
0.4:%[10—(—10)]: R, =50R,
2
R, +R, =R, +50R, =75= R, =1.47kQ, R, =73.53kQ

15.44

R
(@ Viy Vo :(Rl +1R2 j(VH _VL)

02 :[ Ry ][9—(—9)]:18( R, FERZ J

R, +R,
Set R, =2kQ
Then 2+R, :%: R, =178k Q

() i= > __ 9 =i=50uA
R,+R, 2+178

15.45

R, (2 -
@ Vo Z(WJ'VH _(—2+48j(1o)_0.4v

R
Vo = —— |-V, = (LJ(—lo): -0.4V
R, +R, 2+48

(b) For 33.33<t<41.67ms, sin[2z(60)t]= positive half cycle

At v, =0, v, =+10V
At v, =+0.4 =10sin[2z(60)}, | = t, = +0.106 + 33.333 = 33.439 ms

So, for 33.333<t<33.439ms, v, =+10V
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33.439<t<41.77ms, vy =-10V
41.77<t<50ms, vy =+10V

15.46
a.  Upper crossover voltage when Yo = +V,,
Now
Vg = ( RlljiRz ](+VP)
and

VA: L VREF+ L VTH
R.+Rsg R.+Rg

V, =V, SO that

(RERJVP [R +R] ( ]

or

T G

-V,

Lower crossover voltage when
So

Vio= _KMJ [ijvp _(&jVREF
R +R, J\Rg Re

b.
10+20)( 5 10
Vo, =] —— || = |@0)-| = |(2
™ (5+20](20j( ) (20]()
or
V=2V
and
10+20)( 5
=—|——|| = |10)-1=>V, =—4V
T [5+20)(2oj( ) L
15.47
a.
V_B:VREF _VB+VO_VB
Rl RS RZ
v, [i+i+LJ:VREF Yo
R1 R2 RS R3 R2
Vi =Ve when Yo =*Ve and Vi =Ve when Yo = Ve

So
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V;EF + RP
V — 3 2
™ (1 1 1]
R R R
and
VREF _Vi
R R
V _ 3 2
™ (1 1 1)
R1 I:22 RS
b.
V — VREF
: (1 1 1J
Ry| —+—+—
Rl RZ R3
5. -10
o/t 1
R R, 10
1,111 4
R, R, 5 10
¥,
R
AV; =V, -V, =—32——
T TH TL [ 1 1 1 }
Rl RZ R3
3 2(12)
"~ R,(0.10+0.10)
R, =600 kQ
So _2 T
Then
iJrizo.lo
2
1 1
—+—-=0.10= R, =10.17 kQ
R, 600 _—
C.
Vi, =-5+0.1=-49
V, =-5-01=-5.1
15.48
. Va|<6.2V, -
a. If the saturated output voltage is '"® then the circuit behaves as a comparator

where Vol <62 V.

If the saturated output voltage is Ve[>62V

no control.
b.  Same as part (a) except the curve at

c.  Circuit works as a comparator as long as
control.

v, =0

" the output will flip to either *V¢ or

will have a finite slope.

Vor <87V ang Voo > =37 V- Otherwise the input has no

P and the input has
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15.49

R
(a) When 25 =O, v, =VS =(R:LT1RZJ'VREF

When v, =V, v, =V
Veee —Viu :VTH Vi
R, R,

VARRY R, +R
REF +—H=VTH (L+LJ V., [1_2]

R R
L=V, +V, L
R, + R, +R, R, +R,
=V, +V

(b) Vi =-175V, |:<l =4kQ

2

Vo =—1.5=—1.75+(12)(4 4 ]: R, =188k Q
+

188
-1.75= (mj 'VREF :>VREF =-1.787V

12-(-1.787) 13.787

c) (i) For v, =12V, l|i|= = =i|=71.8u A
© O © l R, +R, 4+188 I #
(ii) For v, =-12V, |i|:wz|i|:53.2yA
192
15.50
a.  Switching point when Yo =0-
Now
R
V, =V = 2 ]v
" [RlJ’RZ " where i =Vs:
Then
R +R
Vs :( le 2jVREF :[1+22]VREF
=V,

Now upper crossover voltage for ¥ occurs when Yo =Vt and v+ =Veer- Then
Vi —Veer — Veer —Vu

Rl RZ

2

or Vi, =V —%-VL

2

orVy, = —%-VL +Veer [1+%j

v, =V,

Lower crossover voltage for Vi occurs when 4 and Vi =Veer: Then
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VH _VREF — VREF _VTL
Rz Rl

orv; = —%VH +Viaer [l+%j

2 2

orVy =V, —%-VH

2

b. For Vm ="Land Vi =72 Vs =15V e

R, =0.833 kQ
sothat ————

Now

R
V, = [1+ R—lijEF

2

0.833
—15 = (14‘ Z—OJVREF

R R
Vo =Vg——LV, = -2=-15--L(12
TL S R H 20( )

which gives
Ve =144V
15.51
R 25
a) Vo, = 1 V= 0.7)=0.175V
@ Vo [R1+R3] ’ (25+75j( )
R
V., = ! -V )=-0.175V
™ £R1+R3J( )
(€) () v, =2V, vy =-07V
Ip, =0
I, —- =07=(10))_ 4 465ma
20
| R3 = +[—_01757;(_ 07)} =1 R3 = 7 Y2 A

lng + gy +1p, =0=> 15, ==l gy — 1o, =—0.007 —(—0.465) = 0.458 mA

(i) v, =2V, vy, =+0.7V
lp, =0

le, = (10 ;00'7j =0.465 mA

0.175-(0.7
I'es :(%jj lps =—TpA

oy =l gy + | g =0.465-0.007 = 0.458 MA
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15.52
@@ V,+V, =07+56=63V
V. —(-6. R
™ :—0 ( 63):>VTH :_1(6-3)
R, R, R,

R
Vo = _R_l (6-3)
2

R R
Viy =V =06=—-[6.3-(-6.3)]= (12.6) -~
RZ RZ
Then %=2l, Set R, =4kQ, then R, =84kQ
1
(b) Maximum currentin R, ,

Ir2 =%=E=0.075mA
RZ
R = 10-63 =0.8+0.075=0.875mA
R=20-03_, ko
0.875
15.53
a.
Vo =Veer +2Vy
5=Veer +2(0.7)
or
Veer =3.6 V
b.
R
Vo = [ iR (Vier +2V,)
0.5= R (5)
R +R,
orl+&:10:>&:9
1 Rl
For example, let e =90 KQ gpq R =10kQ

c. For V1 =10V and Yo isinits low state. P: isonand P2 is off.

v, — (v +0.7) +VREF Vi _YV
100 1 1
For Y1 =07 then
10-0 . 3.6-(-0.7) -0.7-v,
100 1 1

or
Vv, =-5.1V
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15.54
Vo = High = (Veee +2V).

v, =v8=( R ]vo
R+R,

R
orVy, = (ﬁj (Veer + 2\/7)
1T

Lower switching point is when

)
V, =V, = V
e {R1+R2 ’ and Vo = ~(Veer +2V7)

For Then switching point is when.

SO

_[_R
Vi = (Rl_i_sz(VREF +2Vy)

15.55
By symmetry, inverting terminal switches about zero.

Now, for “o low, upper diode is on.
Vege =V, =V, -V,
Yo =24 ~Veer \yhere Y = Vs
S0
Vo = _(VREF + 2Vy)
Similarly, in the high state
Vo = (VREF + 2\/7)
Switching occurs when non-inverting terminal is zero.
So for Vo low.
VTH -0 _ 0- |:_(VREF + 2Vy ):I
Rl - R2

R
orvV,, = R—l-(vREF +2V,)
2

By symmetry
R
Voo = _R_l’ Veer + 2Vy)

2

15.56

(@) u+:[ Ry ]'UO=( 10 ](5)=1.667V

R, +R, 10+20

vy =5+(-1.667 —s)exp[—ij =5-6.667 exp(—LJ , for 0<t<t,

Tx Tx

Tx

vy =5+ (1667 (- 5))exp(—(t b D 546667 exp[_

(t-t)

Tx

j, for t, <t<T
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(b) 1667 =5-6.667 exp[— t_lj

Tx

6.667 exp[— t—lj =3.333

Tx

exp(+t—1] =2=1, =17, In(2)
T

X
By symmetry, T—t, =7, In(2)
Then T =27, In(2)
1 1
T 25 n2)
1

f= =902 Hz
2(8x10)In(2)

Duty cycle = 50%

. 7y =RyCy =(40x10°)0.02x10° ) =8x10*s

15.57

(a) u+(+)=[ Ry j(s):( 10 ](5)=1.667V

R, +R, 10+20

10+ 20

U+(_):(R1TRJ(_10):[ 10 j(—10)=—3.333v

v, = 5+(—3.333—5)exp(—ij —5-8333 exp[

Tx

X

vy =-10+ (1.667—(—10))exp(—@} =-10+11.667 exp[—i) fort, <t<T

(b) 1.667 =5-8.333 exp[—t—lj

Tx

t
8.333 exp[—lj =3.333=> exp[+—1J =25

Tx Tx

t, =7, In(2.5)

T -t
Also —3.333:—10+11.667exp(—( Jj

Tx

11.667 exp[—M] =6.667 = exp[+ u _tl)J =1.75

Ty Tx
T-t, =7, In(L.75)
Now T =z, [In(2.5)+In(1.75)]= z, In[(2.5)1.75)]
f =%, 7, =R,C, =8x10""s
1

f= (Bx10In[25)1.75)] sarhz

! j , forO<t<t
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15.58
1

f= 22RC,

RCx =3 ;f e 2)(112x103)
R,C, =3,788x10°°

R, =56 K

C, =680 pF

For example, Let
1

Within 2 of 1% of design specification.

15.59
t, =1.1R, Cy = (L.1J10*J0.1x10® )= t, =1.1ms

O<t<t,, vy :10(1_e-t/rv)
7, =R,C, =(2x10°)0.02x10°)
=4x1075s

t
Now -1 =2.75
Ty

=Gy completely charges during each cycle.

15.60
a.  Switching voltage

Vy = R&;& vV, :(Mj(ﬁ_o)
1Ry +R, 10+10+10

o Vx = 16.667 V
Using Equation (15.83(a))

v, =V, +(—§VP -vp)eﬁ”x :%vP

2

Then 1-2.eu/n =2
3 3

1.5 .,

3°3° W™ or t, =7, In(5)

=it 1 ¢ _o001s
2 2f 2(500)

10° =7, In(5)= 4 =6.21x10* =R, (0.01x10°)

R, =62.1kQ
So X T
b.  Switching voltage

R
Vy = : (£Ve)
R +R;+R,

10 1
= |(#V,) == (1,
(10+10+10J( °) 3( °)

Using Equation (15.83(a))
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vy =V, +(—%vp -V, je‘l”x =%vP

Then 1-2et/m =1
3 3

2 4
3 3
t, = 7, In(2)=(6.21x10 )In(2) = 4.30x10 5
T =2t =86x10"s

f :Tij f =1.16 kHz

e—tllrx

15.61
@ p=—i =20 _g62s
R,+R, 20+12
1+£
T =250x10"° =7, In| —20_| =7, (1.0485)
1-0.625

So 7, =2.384x10™* =R, C,
Set C, =0.01uF, then Ry =23.84kQ
(b) Fort<0, vy, =07V
So v, mustbe <v, = v, <0

© vy =V, =10+[- ,B(lO)—lo]exp[_ (T'T—T)j

(r'-1) X

Tx

j —16.26 exp[—uJ -93

Tx

0.7=10-16.25 exp(—
exp(+ u] =1.747
Tx

T'-T =1, In(1.747) = 2.384x10* In(1.747)
T'-T =133 us

Vv
1+V—7
1 ﬁp , V, =07V, Vp, =5V, =05

15.62
« =(20x10°)1.2x10° )= 2.4x10 s
07

@ T=r1y |{
7y =R4C
1+—

T =(24x102)in —> | =T =19.78 ms
1-05
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() T'-T =04r, =9.6ms

15.63
a.  From Equation (15.95)
T=11RC
For T=60s=11RC

For example, let
C =50 uF =
H and R =1.09 MQ
b.  Recovery time: capacitor is discharged by current through the discharge transistor.

N |B;ﬂ=o.o43mA
|f V*'=5 V, then 100

i #=100, 1, =43mA

1 Ic
VC =EJ‘ cht =Et

2 V=333V
Capacitor has charged to 3
~V.-C  (3.33)(50x10°)

4.3x10°°
t =~ 38.7 ms

t
So that le-

So recovery time

15.64
T=11RC

5x10° =1.1RC
so RC=4.545x10"° s
For example, let

C =100 pF =

p and R =45.5kQ

From Problem (15.63), recovery time
Ve C _ (333)(100x10*)
T, 43x10°°

t

or
t=77.4ns

15.65

R,+R
Duty cycle = 60% = A" L 100%
Ry +2Rg

_ 25+R,

=———= =R, =50kQ
25+ 2R,
1

f =80x10° =
g (0.693)(25+ 2(50))x10°C

= C =144.3pF
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15.66
1

f= (0.693)(R, +2R,)C
R, =R, =10kQ, R, =R, + xR,
S010 kQ < R, <110 kQ
. 1
™" (0.693)(10 + 2(110)) x10° x (0.01x10°°)
. 1
™ (0.693)(10+ 2(10)) x10° x (0.01x10°°)
So 627 Hz< f <4.81kHz

=627 kHz

=4.81kHz

Duty cycle = MxlOO%
Ri+2R;
Now
10+10

10+2(10)

and
10+110
10+2(110)
So 52.2 < Duty cycle < 66.7%

x100% = 66.7%

x100% =52.2%

15.67
1kQ <R, <51kQ

1kQ <R, <51kQ

£ 1

™ (0.693)(1+2(51)) x10° x (0.01x10°%)
P 1

™ (0.693)(51+ 2(1)) x10° x (0.01x10°°)
orl40kHz< f <2.72 kHz

=1.40 Hz

=272 kHz

Duty cycle = %AOO%

A + B
1451 100% =505%
1+ 2(51)
or
S 100% = 98.1%
51+2(1) =2
or

50.5% < Duty cycle <98.1%
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15.68
a.

Iy =1, =Y Ve
E3 E4 R1A+RlB
V., =0.7
22-3(0.7)
les =lee =5 05
Now

20
les =lcs =lcs = lce :(Zj(o-g’gB)

les = log = leg = s =0.379 MA

Assume
=0.398 mA

0.398( 20
ICl = ICZ =T[zj = ICl = IC2 =0.018 mA
I, =0. A
b. 1o =0398mA, current in Pt and D
-3
Vg =2V, =2V; In I—D =2(0.026) In %
Ig 10
or
Vs =1.149 V =V, + Vg,
Now
le; @ leq+1co +1gg
lc, =0.379 mA
20
IB9 = Ica :(ZJIES
So
|
., =1.051,, =1.05 <>
ES B9 (10())
100 21
le; =1¢, +(E) leg +1gg =1, +(96.24)£Ej lcq
So ler =0379 MA+101l,
and

| |
Vegez =Vr In (%} Vegs =V In (%}

S S
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Then

a1 o

24191 {|68(0.379x103)+101|cg}

(10—13)2
(107°)? exp (44.19) =1011Z, +3.79x10 7 I
1.554x107" =1011Z; +3.79x107* 14

~3.79x10° | J(3.79x10)% + 4(101)(1.554 x10”")
2(101) 2(101)
s =374 uA

l., = 0.379+101(0.0374) = I, =4.16 mA

lg = 4.16-0.379- 00374(5(3

o =3.74MA
. P=(0.398+0.398+4.16)(22) = P =109 mW

15.69
a.  From Figure 15.44, 3.7 W to the load
2
F- ; Ve
C. Re
or
= 2R P =,/2(10)(3.7) =V, =86 V
15.70

€)) [l+%j:12:>%=11, and &zlz
1

1 3
_ V2
(b) P, :>v = /2R, P, =4/2(12)15) =18.97 V

|UOl|max = |U02| =949V

:V—L 18.97 ——=158A

o0 n (5[5 5]

i) R, —=——SOQ
(i) 08

I
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15.71

b. Want R R

[1+ &] = &
Also want R R

R2+[1+R2J:9 R2:4

Then R R so R
For R, =50 kO, R, =200 kQ
and

R_g

R o R; =250 kQ

5_1Ve

. 2R,
or

V, =+/2R P =./2(20)(10) =20 V
So peak values of output voltages are
Voa| = [Veo| =10 V

Peak load current = % =1A




Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 15
By D. A. Neamen Problem Solutions

(b) [1+&j:12:>&=11, Set R, =120 kQ , then R, =10.9kQ
R R

1 1

R
—+=1, Set R, =R, =120k Q
R3

L=V 2
() (i) PL=—— :(16) =512W
2R, 2(25)
. \
(i) 1, :—L:E:O.64A
R, 25
15.73
(@) From Problem 15.72
Voy = ——+Dg, Set —4=1
3 3
R R
A, —(1+—2 (1+—4j
Rl RS
R R
25=[1+—-2|2)= -2 =115
Rl Rl

Set R, =R, =R, =100k, then R, =8.69 kQ

o 05 5]

V2
(ii) RL=V—L=E=ZOQ
I 12
2 2
©) EL=VL @) =72W
2R!  2(40)

15.74

. . AV,
Line regulation = —2

+

Now
Al = AV*
R and AV2 =1, -Al g4 AV, =104V,
So
AV, =101, AV
So
Line regulation = AVy :wjl.m%

AVT 9300
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15.75

AV
(a) Rof = A O|:§: Rof =4mQ

(b) AVy =R, -Alg =(10)1.2)= AV, =12 mV

15.76
For Vo =8V
V™ (min) =Vo+ Io(max) Rit +Veen +Vaeio +Vees
This assumes Vscs =0
Then
V" (min) =8+ (0.1)(L.9) + 0.6+ 0.6+ 0.6

V" (min) =9.99 V

15.77
a.
I _ I _ VZ _3\/BE (npn)
c3 — 'cs T
R +R,+R,
les = les __63-306) _571ma
0.576+3.4+3.9
e _1( 081 5106 ma
2\ 2.84

Neglecting current in Q: total collector current and emitter current in @ is

0.571+0.106 = 0.677
Now

17,R, +Vegs =Vigs

Ve, =V; In (IZ—ZJ
|5
|
Vegs =V, In [f}

I,,R, =V, In (lecs J
Then 22

0.026 [ 0.677 J
= -In

‘025 2(0.25)
or
R, =3150Q
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b.  From Example 15.16, Ve; =343V, Then

( Rs Jvo =Vgg =Vg;

R, + Ry
or
_ 228 (12) =3.43
2.23+R,
3.43(2.23+R,,) =(2.23)(12)
which yields
R, =5.57 kQ

15.78

Vo

. A
regulation =
Line A
Now
AVg; = Al R

Ris J AV -
u N (AVO)_AVB7 _A|C3R1
and£RQ+R13

Al AV, Al -1,

“"R+R,+R, R+R +R,

and
_AVY A

Al
z r

and
Then

(0.4288)(AV,) = Al ,(3.9) = (3.9)Al, (

where

0.015
7.876

r, =i:87.6 kQ

0.571
Then

(0.4288)(AV,) = (0.00743)(3;/3

So
AVo _ 0.0198%

=

15.79

@ R, +r, =\|/ =2—:=2.0833kQ

z

R, =2.0833-0.012 = 2.0713k Q
(b) V*=56+(0.012)12)=5.744 V
For x=0,

R, +R
5744=| 2T |y Sy, :(“2”
R, +R; +R, 2+1

)(5.744) =7.659V
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For x=1,
R,
5.7M44=| ———— |V, =V, =
R, +R; +R,
So 7.659<V, £22.976V

(c) For x=1, V1=%Vo

(“ 2 +1J(5.744) = 22,976 V

1
Vg =Vegr —Vi =Viee _Zvo

|
Vo = Aoy —Vee = Agvy —Vr |n(|—0)
s
1 [
Vo = Ao | Veer _Zvo —V;In 1.
s
1 Io
Vo 1"'2 Aol | = Ao Veer —Vr I T
s

I
Ao Veer —Vr In(loj

S

Vg =
1+% Ao
Load regulation :M
Vo(NL)
Ao Vrer — V7 In[l 0 (NL)/' s ] _|: Ao Vieer — V4 In[l o (FL)/I s ]:|
_ 1+(1/4)Ao, 1+(1/4)A,,
= Ao Veer — V7 In[1o(NL)/I¢ ]

1+ (Y/4)A,.
oo O O )
_ Ao Ve —V; In(lol(NL)J . A Ve —V7 In(
Let 1,(FL)=5A, IO(NL)=1%S=0.05A

Let V; In{&} ~0.7V

| (o.ozs)m(sj

: 0.05 0.11973
Load regulation = = 7
(5x10°|5.744)-0.7  2.8719x10

Load regulation =4.169x10*%
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15.80
v .
@ I =—Z:%:1.36 mA
R, 5

lo =(LJ I :(@j(1.36)21.343 mA
1+ 4 81

+
For Vge =0, Vg =20-V, —Vg, =20-6.8-0.6=12.6V

So 0<R, £9.38kQ
R 10*

by V. =| —2 Vv v, )=|———|V*-6.8

by V., [R1+rZJ( ZO) (1o4+2oJ( )

10*

04

ForvV*' =20V, V, =
+20

J(13.2) =13.17365V

Iy =

80 ) 20-13.17365
ol
10*
10* +20
8016-9.181637
ol

So 1.3468< 1, <1.3484 mA

j =1.3484 mA

ForV* =16V, V, :( j(16—6.8)=9.181637v

Iy =

) =1.3468 mA
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k, YW
(b) (TJ(TJRDVOZI +Vor =Vpp =0

(%j(z.m)@o)«gt +Vy, -3.3=0

5.82V5, +Vg, =3.3=0=V,, =0.672V
Voo =V, Vo =V, =1172V

. 33-0.1 .
(C) ID,max :Tj ID,max :8oluA

Py e = (80)3.3)=264 u'W

D,max

16.2
(@ (@) KnRDVC?t +Vor =Vpp =0
(0.05) 100N, +Vy, =33=0=V,, =0.7185V
=V, =1219V
(ii) vo =3.3-(0.05)100)2(3.3-0.5) 02 ]
We find 505 =290, +3.3=0=0, =0.116 V
(b) () (0.05) 30V +Vo, —3.3=0=>V,, =1.187V
=V, =1687V
(i) vo =33-(0.05)30)2(3.3-0.5)0 —2 ]
Or 1.502 =9.4v, +33=0=0, =0.373 V
©) (i) (0.05\5NZ +Vo, —3.3=0=V,, =2.147V
=V, =2.647V
(ii) vy =3.3-(0.05)5)2(3.3-0.50 —0 |
Or 02508 —2.4v, +33=0=0v, =1.663 V
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16.3
(a) P=1IV
025=1(33)=1=7576 u A
R=33"015_ 41610
0.07576

=[S ot Vi s v
75.76 = (%][ij[zes -0.5)0.15)—-(0.15) ]:> [WTJ =1.85
®) 1, = (k;j(ﬂj(v v, = Yoo Vos )

L R

(%)(1.85)\/55 (sat) = 33 Ves (520)

41.6

Or 3.848V 2 (sat)+Vp(sat)-3.3= 0=V (sat)=0.805 V
Vs (Sat):VGs —Viy
0.805 =Vgs —0.5= Vg =1.305V

Then 0.5<Vg <1305V

16.4
(a) From Equation (16.21)

Ko (W/L)D _ (VDD —Uo —Vy )2

KL - (W/L)L B 2(U| —Vo )Uo -v5
_ (18-008-04) 17424
2(1.4-0.4)0.08)—(0.08)°  0.1536

W/L), =11.34
W/L).
IDD,max = iD,max 'VDD

0.3 =g ex (1.8) = i e =0.1667 mA
i e = 0.1667 = (E)[ﬂj [2(1.4—0.4)(0.08)—(0.08)2]
’ 2 \LJ,
Which yields (WT] =21.7 and (WT] =191

D L
o V. _18-04+(04fiviiza)

1++/11.34

04<V, £0.7206 V

16.5

(a) % [2(3 ~0.5)0.25)-(0.25)° ]: [3-0.25-0.5]

L

&(1.1875) =(5.0625)= Ko _426
K. K,
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(b) % [2(2.5 ~0.5)0.25)-(0.25)’ ]: [3-0.25-0.5]

L
KD
KL

—2(0.9375)=(5.0625) = % =54

L

©) ip=K Vg —Viy ) = (%j@)@—o.zs -0.5)" =0.253mA

P=ip-Vpp =(0.253)3)=0.759 mW

16.6

(a) Ko _ (VDD —0o Vi)’
Ki 2(U| Vo )Uo -v4
v, =Logic | =V, —Vq =3-0.5=2.5V
Ky, W),  (-o0i1-0s5f 576
K. W/L),  2(25-05)0.1)-(0.1) 039
W/L)y =14.77
W/L),
PD,max = iD,max Voo

04 =10 (3)= ip e =0.1333mA
=0.1333= (ﬂj(ﬂ] [2(2.5 -0.5)0.1)-(0.1)* ]
2 L),

Which yields (ﬂj =6.84 and (ﬂj =0.463
L D L L

ID,max

(b) V, = 3—0.5+(0.5)(1+\/14.77)

=1.016V

1++/14.77

Vo =1.016-0.5=0516V

16.7
We have

K
KiD[Z(VI —Vivo )Vo _Vé:| = (VDD —Vo Vi )2
L

(W/L)

==

=

%\/—\

D

D

(W/L),

[2(vDD Vi =V )(0.08Vp ) — (0.08Vp )ZJ = (Vi — 0.08Vpp —Viy )

[2(Vap —2(0.2)Vop ) (0.08Vp5 )~ 0.0064V, | =[(0.92-0.2)Vy, | =0.5184V,3,

WL
[0.096] = 0.5184 = Wik 54
W),

2
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16.8
Vo =V — V4 =Logicl
So
() Vy =4V =V, =3V

(b) VBZSV :>VOH :4V
(C) VB :6V :>VOH :SV
) Ve =7V =V, =5V,sinceVy =0
For V1 = Von

Ko [2(v =V; Vo V5 | = K [Vg —Vo = Vs T
Then
(a) (1)[2(3_1)V0L _VOZLJ
(b) (1)[2(4_1)VOL _V02L:|
(c) (1)[2(5_1)V0L _VCfL:|

(d) Load in non-sat region

(04)[4 Vo, 1] = Vo 20657V

(
(

0.4)[5-Vo, ~1] =V =0.791V

0.4)[6—-Vo —1]" =V, =0.935V

IDD = IOL
(1) [2(5=1)Vo, Vi ]=(04)[ 2(7 Vo, ~1)(5 Vo )= (5-Vor )|
8V, Vo, =(04)] 2(6-Vo, )(5-Vor ) —(25-10Vg, +V3, )|
= (0.4)[2(30-11Vg, +Vg, ) =25+ 10V, ~Vg, |
=(0.4)[ 60-22Vo +2Vg, —25+10V, Vg, |
Vo —V2 =14-4.8V, +0.4V2
14V —12.8V, +14=0

12.8+,/163.84—4(1.4)(14)
o 2(1.4)

Voo =127V

For load
Vs (sat) =7-1.27-1=4.73V
Vps =5-1.27 =3.73 non-sat

16.9

, K
(@) K_D(Vn —Viwo ): A
L

500
100
For Driver: Vg, =V, —Vqp =0.8578-0.5=0.3578 V

For Load: Vg, =Vpp +Vyy =3.3+(-0.8)=2.5V

(b) % [2(U| ~Vino )Uo - Uc2> ]= (_VTNL )2

(ﬂj[z(ss ~0.5)0 —03 |=[-(-0.8)F

100
We find S0 280, +0.64 =0 = v, =0.0230 V

(v, —05)=-(-0.8)=V, = 08578V
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(©) p e =K (_VTNL )2 = 100[— (— 0.8)]2 =64 uA
P = Io.ma Voo = (64)3.3)=2114 W

16.10

So
(Vi) =49 =Vy =221V

16.11
(a) PD,max = iD,max .VDD
80 = iip e (1.8) = i e = 44.44 1 A

o =ttt =192 L] oo (] -207

% [2(1.8-0.3)0.06)- (0.06)|= [ (~0.6)]

L

KD KD
—10.1764)=1(0.36 —=204=
<, (01764)=(036)= 3> =204 =

Then (ﬂj =5.04
L D

f K
(b) K_D(Vn —Vino ): Vi
L

\/%(Vn ~0.3)=[-(-06)]=V,, =0.720V

For Driver: V,, =0.720-0.3=0.420V
For Load: Vg, =1.8-0.6=12V
(c) P =80uW

D,max

2[%}[2(1.8 ~03), —02 |=[- (- 0.6)F

We find 4.0802 —12.24v, +0.36 =0 = v, =0.0297 V

16.12
a.  From Equation (16.27(b)):
W

[V—UD [2(2.5-05)(0.05)-(0.05)' | = (T]L [-(-1)P

HE

Then
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(o
or o =40 A
P=ip-Vpp = (40)(2'5) = w

16.13

a i v, =05V=i;=0=>P=0

ii. Vi =5V> From Equation (16.11),

vy =5-(0.1)(20)[ 2(5-1.5)v, - v; |
2v; =15V, +5=0
15+4J(15)" —4(2)(5
V, = (15) -4 )():>v0=0.35V
2(2) A
. _5-035

D

=0.2325mA

P =i, Vo =(0.2325)(5) = P=1.16 mW
b. i. V|=O.25V:>iD=0:>H
Vi =43V, grom Equation (16.21),
100[ 2(43-0.7)v, -v; |=10[5-v,-0.7]"
10[7.2v, —V; | =18.49-8.6v, +V;
Then
11vZ —80.6v, +18.49 = 0
| 80.6%4(80.6)" ~4(11)(18.49)
o 2(11)
Then
i, =10[5-0.237-0.7]" =165 uA
P =iy Vpp =(165)(5)= P =825 uW
v, =003V=i,=0=>P=0

ii.

=V, =0237V

c. .
v, =5V
iy = K, (Vi ) =(10)[~(-2)] =40 uA
” P=ip Vpp =(40)(5)= P =200 uW
16.14

(@) v, =Vpp —Vqu =5-05=45V
Ko [2(U| —Viwo )Uo1 _Uél]: KL [VDD —Ug; =V ]2
10[2(4.5-0.5)0g, —02, |= ()5 e, —0.5
We find 1102, —890,, +20.25=0=> vy, =0.234 V
Vos =Vpp =V =45 V
(b) v, =0234V, v, =45V
From part (a), vy, =0.234V




Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 16
By D. A. Neamen Problem Solutions

16.15

(@) % [Z(UI —Vio )Uo - Ué ]: (_VTNL )2

Gj[z(s ~08)e, 03 |= [-(-12)f

We find 403, —33.60,, +1.44 =0 = vy, =0.0431 V
=Ug, =5V
(b) For v, =0.0431V, vy =5V
From part (a), vy, =0.0431V

16.16
() vy =Vpp —Vino =2.5-05=2.0V

() vy =Vpp _[VTNLO +7/(\/2¢fp + 0o _\/2¢fp )]
Vo =2.5-[05+025(J07+ 0 ~07 |
Vo —2.209 = -0.25,/0.7 + v,

vl —4.4180, +4.88 = 0.0625(0.7 + v, )
vl —4.48050, +4.836 =0 =0, =1.81 V

16.17
KD
(a) K_(Ul —Viwo )= (_VTNL )
L
K 20
or v, =[-Vn) K—; +Voo = [-(-0.6) ‘/ﬁ +0.4=0.6683V

(®) Vi =Vrno +7(\/2¢fp +Ug _\/2¢fp )

=-0.6+ 0.25(\/0.7 +1.25-4/0.7 ): -0.460 V

v, =[~(-0.460) ‘/% +0.4=0.6057V

6.18
(@)

A

> [2(U| —Vro )Uo _Uc2> ]: (_VTNL )2

L

D [2(1 8-0.4)0.1)-(0.1) ]: [-(-0.6)]

L

Xx‘

= AN

® (0.27)=0.36 = % =1.33

L

P
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(b) 2(%)[2(0. Vi oo ~03 |= [V I

L
2(1333)20.8-0.4), —02 |=[-(-0.6)F
We find 2.6670; —7.46704 +0.36 =0 = vy =49.1 mV
. Ko YW 0.1 .
(C) ID,max = [TJ(T\J (_VTNL )2 = (T\J(l)[_ (_ 06)]2 = ID,max = 18 ,U A
L

P =i Voo =(18)1.8)=324u W

6.19
(a) One input high,

i—i’ [2(3 ~0.50.1)-(0.1)* ]: 1)) = % =2.04

L

(b) P= iD Voo
0.1=i,(3)=1i, =3333 A

] b
33.33= (%j(WTJL ()= (WTJL =0.667

Then (WTJ =(2.04)0.667)=1.36
D

(© 3(2.04)263-05W0 —02 |=[-(-1F

6.1202 =30.605 +1=0=> vy =0.0329 V

16.20
(a) % [2(2.5-0.4)0.05)-(0.05) |= [ (- 0.6)]
L
ﬁ(o.zms) _036= Ko _y735
K. K.
(b) P = iD,max .VDD

50 =g e (2.5) = ip e =20 A

e =202 ] F-o0)

We find (ﬂj =1.11 and (ﬂj =1.93
L L L D

(©) (i) 2(1.735)]2(2.5-0.4)v, —v3 ]=0.36
34702 ~14.5740, +0.36 = 0 = vy = 24.9 mV
(ii) 3(1.735)[2(2.5-0.4)v, —v3 |=0.36
5.20502 —21.8610g +0.36 = 0=> vy =16.5 MV
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(iii) 4(1.735)2(2.5-0.4)v, — 02 |=0.36
6.9402 —29.1480, +0.36 =0 = v, =12.4 mV

16.21

P=i5 Voo
250 =i, (5) =i, =50 LA

S

=(FAE) e

2 L
[V_Vj =0.417
ML

So that
K7D|:2(V| —Vio )Vo _Vé:| = [_VTNL ]z
L

&[2(5_0.8)(0.15)—(0.15)2J =[-(=0)T

~

e

%:3.233(V—VJ =1.35
or L MDI

b.  For %

Then
Ko, [Z(VO1 Vo )Vos —vézJ+ Ko, [Z(V03 Voo
Kp, ¢ 8, Kpy oc 8, K, oc 1
8[2(5-0.8)Vy, —Vp, |+8[2(4.2-0.8)v,, - Vg, | = O[-(2)T
67.2V,, —8Vy, +54.4v,, —8v;, =4

Then

16v2 —121.6v, +4 =0
1216:+,/(121.6)" —4(16)(4)

Yo = 2(16)

Vg, =0.0330 V

=V =0=v =5 50q Vs =42

So

)Voz _Vc2)2:| = KLZ [_VTNLZ ]2

16.22

(@) ipme = (%)(l){\/w —vg Vo | =50[3.3-0g —0.4] =50[2.9-0, |

The output is small, so neglect v/ .
Then ip .. =50[8.41-5.80,] (Eq.1)

Also,
. 100
1D max = (Tj(lz)[z(uesx —Vin )Usz _Uésx ]

= 600[2(2.9-0.4)0pe, —D2ex |2 300000 (Eq. 2)
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And

_ 100
1D max —( > J 12 [2 UGSY —Viy )UDSY UDSY]
We have vggy =0y —Upsy 5 Upgy =Ug —Upsx
iD,max = 600[2(2-9 —Upsx — 0-4)(Uo ~ Upsx )_ (Uo — Upsx )2_|
= 600[2(2-5 ~ Upsx )(Uo ~ Upsx )] (Eq.3)
Now 3000056 =50[8.41-5.80, |
Vpsx = 0.016667[8.41-5.80, | (Eq. 4)
Also 30000ps = 600[2(2.5 - vpey N6 —Upsx )= 1200[2.505 —2.50p |
2.50pex =2.504 —2.50p6

Or vpe = 0.50,
Then from Eq. 4,
0.505 =0.140-0.0966705 = vy =0.2346 V

(b) vpsx =0.50, =0.1173V
Vgex =29V
Desy 22.9-0.117322.783V

Upgy =Ug —Upgx =0.1173V

16.23
a. We can write

2
K [2 Vy — TNX )Vsz Vésx :| = Ky [Z(Vv — Vbsx _VTNY )VDSY _Vésv } = KL [_VTNL]
2
From the first and third terms, (neglect Yosx ),

4[2(5-0.8)Vogy ] = (N[~ (-1.5)]

Vpsx =0.067 V
or DS

From the second and third terms, (neglect Vos):
4[2(5-0.067-0.8)vps, | = ()[~(~15)]
op Vosr =0.068 V

Now
Vesx =, Vgey =5—0.067 = vy, =4.933V

and Vy =Vpex +Vpgyy =V, =0.135V

Since ¥ is close to ground potential, the body-effect has little effect on the results.

16.24

%[ j Vo W — 02 = (Vi
( L] 33-04)0.1)-(0.1)* |= - (-0.6)]

[ ]01425 036:>(KJ 2.53
KL
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(b) P = iD,max .VDD
100 =15, (3:3) = ip e =303 A

i e =30.3= (@j[ﬂl [-(-0.6)

2 L

Which yields (ﬂ] =1.68 and [ﬂj =4.26
L L L D

16.25

Y =[AOR (B AND C)] AND D

16.26
Considering a truth table, we find
A B Y
0 0 0
0 1 1
1 0 1
1 1 0

which shows that the circuit performs the exclusive-OR function.

16.27
(A+B)(C+D)

16.28

(a) Carry-out ~ A"(B+C)+ BeC

Vop =35V Vpp =35V

(b) For Vo, =Low=0.2V

& [2(-08)(02)~(02) J=[-(15 =

[ﬂj 1, (W] 137
For L. then Lo

M6:(V—VJ =137
Lf’—



Microelectronics: Circuit Analysis and Design, 4™ edition
By D. A. Neamen

Chapter 16
Problem Solutions

To achieve the required composite conduction parameter,
MI—MS:(Vl) =2.74
L 1-5

For
16.29
(a)
Voo
I
ull
LMy
[ ]
/ 4E =
e D%.

(b) % [2(2.5 ~0.4)0.05)—(0.05)° ]: [-(-0.6)

(ﬂ] (0.2075)=0.36 = (ﬂ) =1.735
L A L A

:(ﬂj :z(ﬂj 347
L B.C,D L)

16.30 Design Problem

16.31

Vv 2.
(a) By symmetry, V,, :%:75:1.25 \Y

Vop, =1.25-(-0.4)=1.65V
Vone =1.25-0.4=0.85V
(¢) For v, =1.1V, NMOS in saturation, PMOS in nonsaturation
K [Ul —Vin ]2 = Kp lz(VDD -0, +Vpp )(VDD —Uo )_(VDD —Uo )2J
(1.1-0.4) =2(2.5-1.1-0.4)Vpp —00 )-Vpp —0 )’
Voo —06 ) —2(Vpp —06 )+0.49 = 0= (Vp, —vg )=0.2859 V
Or vy =25-0.2859=2.214V
For v, =1.4 V, NMOS in nonsaturation, PMOS in saturation
Kn[Z(U| ~Viy oo _UCZJ]: Kp(VDD —0, +Vp )’
201404y —02 =(25-1.4-0.4)
VG =205 +0.49=0= v, =0.286 V
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16.32
() K, I(%J(Z)IIOOILIA/VZ ; K, =(§j(5)=1001uA/V2
(1) By symmetry

% :
V, =—2 _33 _j6sv
2 2

=Vgp =1.65-(-0.4)=2.05V

=V, =1.65-04=125V
(iii) For vy =0.25 V; NMOS in nonsaturation, PMOS in saturation
Z(UI —Vry )Uo _UCZJ = (VDD —U; +Vop )2
2(v, —0.4)0.25)-(0.25)* =(3.3-v, —0.4)
0.50, —0.2—0.0625 =8.41—5.80, +v>
v} —630, +8.6725=0=>0v, =2.03 V
For vy =3.05V; NMOS in saturation, PMOS in nonsaturation
(Ul Vi ) =2(Vgp — 0, +Vip )(VDD ~06)~Vop —00)’
(v, —0.4)’ =2(3.3-0, —0.4)3.3-3.05)—(3.3-3.05)’
v —0.80, +0.16 =0.5(2.9-0v, )-0.0625
v} =030, -12275=0=>0, =127 V
(b) K, :(%j@): 2004 ANV K, :[?](5):100;1%/2

3.3-0.4+ @(0.4)

@ V= 100 =1.436V
[200
I+, —
100
=V, =1.436+0.4=1.836V
= Vg, =1.436-0.4=1.036V
(iii) For vy =0.25 V; NMOS in nonsaturation, PMOS in saturation
20012(v, —0.4Y0.25)-(0.25) |=100(3.3 -, —0.4)}
2(0.50, —0.2-0.0625)=8.41-5.80, +0;
v; —6.80, +8.935=0=>v, =1.78 V
For vy =3.05V ; NMOS in saturation, PMOS in nonsaturation

2000, —0.4)* =100[2(3.3-v, —0.4)3.3-3.05)—(3.3-3.05)’ |
2(v? - 0.80, +0.16)=0.5(2.9 - v, )-0.0625
202 ~1.1v, ~1.0675=0=> v, =1.06 V

16.33
@ K, :(%}(4):200;11%/2 ; K, :(?j(n):moyzx/w
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3.3-04+ %(0.4)
i V.= =1.707V
200
240

=>Vgp, =1.7074+0.4=2.107V
=V =1.707-0.4=1307 V
(i1) For vy =3.1V ; NMOS in saturation, PMOS in nonsaturation
200(v, —0.4)* = 240[2(3.3 -0, -04)3.3-3.1)-(3.3 —3.1)2]

vl —0.80, +0.16 =1.2[0.4(2.9-0v, )-0.04]
v} -0320, -1.184=0=>0v, =126V
(iii) For vy =0.2 V ; NMOS in nonsaturaton, PMOS in saturation
200[2(v, —0.4Y0.2)-(0.2)} |=240(3.3- v, —0.4)
0.40, —0.2=12(8.41-5.80, +0?)
1.202 =7.360, +10.292=0= v, =2.157 V

(b) K, :(%j(@:wo/mwz ; K, :(?j@):soﬂANz

33-04+ ,/@(0.4)
80 _iasv

300

80

(ii) For vy =3.1V; NMOS in saturation, PMOS in nonsaturation
300(0, —0.4) =80[2(3.3-v, —0.4)3.3-3.1)-(3.3-3.1)*]
3.75(2 = 0.8, +0.16)=0.4(2.9-v, )-0.04
3.750; =2.60, -0.52=0=>v, =0.855V

(iii) For vy =0.2 V; NMOS in nonsaturation, PMOS in saturation
3002(0, —0.4Y0.2)-(0.2) |=80(3.3-0, —0.4)
3.75(0.40, —0.2)=8.41-5.80, +0;}

vl =730, +9.16=0=0v, =1.61V

(i) Vi =

1+

16.34

a  For Vo, =0.6 <V =V, =5V

Ni'in nonsaturation and P in saturation. From Equation (16.43),
[2(v ~0.8)(0.6)-(0.6)" |=[5-v, ~08]
1.2v, —1.32=17.64—8.4v, +V’

or
V2 —9.6v, +18.96 = 0

. 9.6+1/(9.6)" —4(1)(18.96)
' 2

or
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v, =278V
b. VONI SVoz SVOPt

From symmetry, Vie=2.5V
Vpo =2.5+0.8=33V

and Von =25-08=17V
g 175V £33V

16.35
V

a. ONt Sv()l <V,

0Pt

By symmetry, Vie=25V
Vpo =2.5+0.8=33V
ang Vo =2.5-08=17V

g 175V £33V

b. For
NZ

Vg, =0.6 <Viy = Vg, =5V

[2(%.-0.8)(0.6)~(0.6)" |=[5-v, ~0.8]
1.2v,, -1.32=17.64 -8.4v,, +V;,

or
Vi, —9.6v,, +18.96 = 0
V), =V, =278V

in nonsaturation and ™ in saturation. From Equation (16.43),

So
For Vor =278 both Ny and P 41 oo yration. Then
v, =25V
16.36

@ V, =§=1.25v

For 0.4<v, <1.25V; iy =120(v, —0.4)" u A
ip.peax =120(1.25-0.4)" =86.7 u A
For 1.25<v, <2.1V; iy =1202.5-0v, —0.4)" A

(b) V,, = (%j =09V

For 0.4<v, <0.9V; iy =120(v, —0.4)’ u A
ip.peax =120(0.9-0.4)° =30 A
For 0.9 <v, <1.4V; iy =120(1.8-0v, —0.4)’ u A

16.37

(a K, :(%}(2):80/“&/\/2, K, :[?j@):SOy AIV?
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V, = 18 _ 09V
2

iD,peak = 80(09—035)2 =242uA

(b) K, :(?](2):80;1/&/\/2, K, :(4—20j(6):120,uA/V2

1.8-0.35+ 1/—80 (0.35)
120
V, =

80
I+, —
120

=0.9556 V

o peax =80(0.9556-0.35)" =29.34 u A

©) K, :(%j@):mo;m/vz, K, :(?j@):so;m/vz

1.8-0.35+ ‘/@(0.35)
80
Vlt

= =0.8057V
160

80
ip, peax =160(0.8057-0.35)" =33.23 u A

1+

16.38
(@ K, = 10074 =150 uA/V?, K_ = 2075 =150 u A/V?
" 2 P2
v,t—ﬁzwsv
2

iD,pealk = 150(1.65—0.4)2 = 234ﬂA

(b) K, :(%J(4)=2OO/JA/V2, K, =[?J(4):80/jA/V2

3.3-04+ @(0.4)

v, = 80 1360V
200
1+

80
ippea =200(1.369-0.4)" =188 u A

©) K, :(%}(3):150;11&/\/2, K, =[?j(12):240/m/v2

3.3-04+ ‘/@(0.4)
240

V, = =1.796 V

150
I+, —
240

ippeax =150(1.796-0.4)° =292 A

16.39
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(@ P=1fCVa =(107)0.2x10" )25 = P=125u4W
(b) P=1fCVZ =(107)02x10"2)1.8) = P =648 u W

16.40
(@ P=(4x10°J150x10°J0.12x10™ J1.8) = P =233 W

(b) P=233.28=(4x10°)300x10°J0.12x10™ W2y =Vop =127 V

16.41
P:%:3x10’7w
(a)
P=fCV2 =C, =
- LY DD = L= fvz
(b) DD
3x1077
() CL :WZCL :00024PF
1
3x107
11
3x107
111
16.42
Pzis 1?06 =2x10°W
(a) X
P
L™ a2
(b) fVDD
2x10°°
() C :W:CL —0.0lpF
1
2x107°
S e
11
2x107°
111
16.43

(a) For v, =V, NMOS in nonsaturation
ip = Kn[2(z), ~Voy J0ps —Ués] and v, very small
1 di
So _:d—DE Ko [2(0, =V )]

Fgs Ups
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1 ~ 1
RIS

For v, =0, PMOS in nonsaturation

Or ry =

ip = Kp[Z(VDD —0, +Vop s —USZD] and vg, very small
1 di k, YW w
So —=—2=| 21— | [2(Vpp —0, +Vop )|z k! | — | (Vgp +V.
0 . dog (ZJ(LJP[ ( oo ~U Tt TP)] p(Ljp( oo t TP)
1

Or ry=
(W
kaLj (Voo +Vre)
p

(b) Let [WTJ =2, (WTj =4, and Vpp =5V
n P

For NMOS:
1
M = =T, =1.11kQ
* o (0.1)2)5-05)  ®
L2205 o 4sma
r‘ds
For PMOS:
1
fy = ———~———= T, =1.39kQ
“ " (0.04)4)5-0.5)
L=l 205 g 36mA
ry 139

16.44
3 3
(a) V, =V, +§(vDD +Vip —Viy )= 0.5+§(3.3—0.5—0.5)
=V, =13625V
Vy =Voy Jr%(vDD +Vip Vo )= 0.5+§(3.3—0.5—o.5)
=V, =1.9375V
() Vouu :%[2(1.3625)+3.3—0.5+0.5]:3.0125V

%[2(1.9375)—3.3—0.5 +0.5]=0.2875V

Vow =

Then NM | =1.3625-0.2875=1.075V
NM, =3.0125-1.9375=1.075V

16.45
K, 100
(a) =—=

K, 350

2
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(2-1) 243
=V, =0.8268V

V.H=0-35+(2'5_0'35_0‘35){ 2(2) _1}
(2-1) 32)+1

=V,, =1.2713V

V.L=0.35+(2'5_0'35_0'35){2 2 }

(b) Vouu :%[(H2)(0.8268)+2.5—(2)(0.35)+0.35]
= Vo =23152V

(1.2713)1+2)-2.5-(2)0.35)+0.35
Vow = 2(2)

= Vg =02410V
Then NM, =0.8268—0.2410 = 0.5858 V
NM, =2.3152-12713=1.0439 V

16.46

(@ K, :(12())(2):100#A/V2, K, :(40

VIL

0.4+%(3.3 ~0.4-0.4)=1.3375V

Vi = 0.4+§(3.3—0.4—0.4): 1.9625 V
Voru =%[2(1.3375)+ 33-0.4+0.4]=2.9875V
Voo :%[2(1.9625)—3.3—0.4+0.4]: 03125V

Then NM =1.3375-0.3125=1.025V
NM, =2.9875-1.9625=1.025V

100 , 40
(b) Kn:(Tj@):zOOyA/V , sz(

K
» 22998333
K, 240

v, =o.4+(3'3_0'4_0'4) 5 [0.8333 tletaprv
(0.8333-1) 3.8333

v =0.4+(3.3—o.4—0.4) 2(0.8333) 1le20370v
" (0.8333-1) | /3(0.8333)+1

Now Vg, :%[(1+0.8333)(1.4127)+3.3—(0.8333)(0.4)+O.4]
= Vo =2.9783V

7j(5)= 100 £ A/V

7)(12) =240 u A/V?
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2.0370(1+0.8333)—-3.3—(0.8333)(0.4)+ 0.4
2(0.8333)

VOLU -

= Vg, =0.3007V
Then NM, =1.4127-0.3007=1.1112V
NM ,, =2.9783-2.0370=0.9413 V

16.47

a V=V =35V

N ~0V

1 and NZ On, SO VDSI zVDSZ

R and P off

P —N =25V

So we have a 3 CMOS inverter. By symmetry, Ve (Transition Point).

=)
(51

Then from Equation (16.41)

KH
- 5+(0,8)+J;p-(0.8)

1+ Ko
KP
Now
K 9
L=(2)=1|=9
< =e3)
Then
v, - 5+(-0.8)+3(0.8) LV, 165V
1+3 _—
16.48
By definition, NMOS is on if gate voltage is 5 V and is off if gate voltage is 0 V.
State N N N, N, N, “
1 off on off on on 0
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2 off off on on off
3 on on off off on
4 on on off on on

Logic function (v OR v, )®(vx ANDYV,)

()]

Exclusive OR of (vx OR v, ) with (v« ANDYV,)
16.49
(1)
NMOS in Parallel n
- [ij _4(4)=16

4-PMOS in series ~—F———

(b) CL doubles = current must double to maintain switching speed.

(2]
2]

16.50
[ﬂ] ~4(2)=8
4-NMOS in series Ly

o)
4-PMOS in parallel L/,

e

(b) (M_L/j B

16.51

0
(a) NMOS in parallel L

= [—j =3(4)=12
3-PMOS in series L

-

(b) (WT]" -

16.52
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[Wj ~3(2)=6
(@) 3-NMOS in series Ln

1),
3-PMOS in parallel * -/

O

B

16.53
(a) Y=ABC+DE

(b)

(C) (W/L)An,Bn,Cn = 6 > (W/L)Dn,En = 4
All W/L), =8

16.54

(a)
(b)

Y = A(BD+CE)

Vop

Sy
AL
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(¢) NMOS: 3 transistors in series for pull down mode.
W

(7] ~2(3)(2)=12
For twice the speed: LJn
W

—j =2(4)=38

PMOS:[ L

(\U ~2(2)(4)=16

16.55
(ag Y=A+BC+DE

(b)

AL o

[

B (-
(¢) NMOS: L Jna L Jiscoe

PMOS: 3 transistors in series for the pull-up mode

(V‘L’jp ~3(4)=12

16.56

(a) Y =A[B+CD]

(b)

(c) (W/L)An,Bn =4, (W/L)Cn,on =38
(W/L)Ap =4, (W/L)Bp,Cp,Dp =8
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16.57
(a) For Y = ABC +ABC+ ABC

We have ¥ = ABC +ABC+ABC =(A+B+C)A+B+C)A+B+C)

Y
(b) All W/L), =3
All W/L), =6
16.58
(a)
o
A
[
v
z—{:
Y
AL

(b) (W/L)An,Bn,Cn = 2 ’ (W/L)Dn,En =1
(W/L)Ap,Dp,Ep =6 4 (W/L)Bp,(:p =12
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16.59
(@ Y=C(A+ )

(b) All (W/L), =
(W/L)Cp ( /L)Ap Bp

16.60
(a) All (W/L), =2
All W/L), =20
(b) All W/L), =10
All W/L), =4
16.61
By definition:
NMOS off if gate voltage =0
NMOS on if gate voltage ~ SV
PMOS off if gate voltage ~ >V

PMOS on if gate voltage =0

State N, P N, N, Ne Vo, N, P, v,y
1 off on off off off 5 on off 0
2 on off on off off 5 on off 0
3 off on off off off 5 on off 0
4 on off off off on 5 on off 0
5 off on off off off 5 on off 0
6 on off off on on 0 off on 5

Logic function is

Vo, = (V5 OR vz ) AND v,

16.62
State Vou Voo Vos
1 5 5 0
2 0 0 5
3 5 5 0
4 5 0 5
5 5 5 0
6 0 5 0

Logic function:
Vo; =(Vx OR Vv, ) AND v,
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16.63

16.64

16.65
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16.66

@,

NA

21 =-C dve
dt
So
1
AV, =——(21)-t
- == (21)
For AVe =—-0.3V
2(2x10"2)~t
—05=—— 7 —5t=3.125ms
25x107% —
16.67
(@ () vy =0

(i) vy =¢—Voy =33-04=29V
(iii) vy =2.5V

() (i) vo =0
(i) vy =¢-Voy =1.8-04=14V
(iii) vy =p—Vyy =1.8-04=14V

16.68
(@ () v =0
(i) vy = p—Vyy =2.5-0.5=2V
(iii) v, =1.8V
() () v, =0
(i) Vg =$—Vyy =2-05=15V
(iii) g =#—Vyy =2-05=15V

16.69
(@) Ly =25-04=2.1V
Doy =2.5V
(b) v, =25-04=2.1V
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((\\//VV?::;; [2(2.1—0.4)(0.1)—(0.1)2 ]: (2.5-0.1-0.4)

(w/L),[0.33]=4 :(WTJ =12.1

1

vl =21V

va?::;i 2.1-0.4)0.1)- (0.1 |=[- (-0.6)}

(W/L),[0.33]=0.36 :[WTJ =1.09

3

N

—

16.70
A B Y
0 0 1
0 1 0
1 0 0
1 1 0.1 = indeterminate

Without the top transistor, the circuit performs the exclusive-NOR function.

16.71
A A B B Y Z
0 1 0 1 0 1
0 1 1 0 1 0
1 0 0 1 1 0
1 0 1 0 1 0

Y=A+AB=A+B
Z=Y or Z=AB

16.72
(a)
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(b)

A 3
- L
ToLT.
i 3

s

Fx E

16.73
(a ()Y=0
(i) Y=25V
(1) Y =0
(iv) Y =25V
(b) G)Y=0
i) Y =0
(i) Y=25V
iv) Y =25V
(¢c) For¢=1, J:O;thenY =B
For ¢=0, azl;thenY =A
A multiplexer

16.74
Y =AC+BC

16.75
(@) ()Y =0
()Y =25V
(i) Y =2.5V
(V)Y =0
(b) Y=AB+AB=A®B

16.76

A B Y
0 0 0
1 0 1
0 1 1
1 1 0

Exclusive-OR function.
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16.77
This circuit is referred to as a two-phase ratioed circuit. The same width-to-length ratios between the driver
and load transistors must be maintained as discussed previously with the enhancement load inverter.

When % is high, Vor becomes the complement of Vi When % goes high, then Vo becomes the complement

of Yoi or is the same as V1 . The circuit is a shift register.

16.78
Want Q to be the transition point of M, — M, .
From Equation (16.26(b)),
K

K_:(Vlt _VTNS): “Viys

\/%(Vn ~04)=[-(-06)]=> v, =Q =0.7795 V

This is region where M| and M are biased in
the saturation region.
K 1

K_3(Vlt _VTNI ): _VTN3

150
40
This analysis neglected the effect of M, starting to conduct.

(v, —0.4)=[-(-0.6)]=V, =S =0.7098V

16.79
B 3.3+(-04)+05

= 1+1

Vi =13V NMOS Sat; PMOS Non Sat
(v —0.5) =[2(33-v, ~04)(3.3-v, )~ (33-v, ) | = v, =288V
v, =16V v, =2693V

v, =1.7 V v, = variable (switching region)

v, =1.8 V. NMOS Non Sat; PMOS Sat

(3.3-V, —04)" =[2(v, —0.5)v,, -V, | =V, =0.607 V

=17V

Now
v, =15V,v, =288V =V, ~0V
v, =1.6V,v, =2.693V

ol

NMOS Non Sat; PMOS Sat
(3.3-v, =0.4) =[2(v,, =0.5)v, - ;|
v, =0.00979 V
Vi =L7V, vy = Switching Mode ~ Yo = Switching Mode.
Vi =18V, v, =0.607V \MOS Sat; PMOS Non Sat
(Vo =0.5)" =[2(3.3 -V, ~0.4)(3.3-v,)~(3.3-, )" | =¥, =3.298V
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16.80 B
For R=0=Voo 4qq S=0=Q=0, Q=1
For $=#=Voo gng R=0=0Q=1, Q=1
The signal 9 is a clock signal.

For #=% The output signals will remain in their previous state.

16.81

a.  Positive edge triggered flip-flop when CLK = L output of first inverter is D and then =P =D,

b.  For example, put a CMOS transmission gate between the output and the gate of M. driven by a
CLK pulse.

16.82

For =1 K=0, 3nd CLK =" this makes @ =! and 6:0.

For =0 K=L and CLK =1, and if Q=L then the circuit is driven so that = and Q=1
If initially, Q=0. then the circuit is driven so that there is no change and Q=0 4nd Q=1.
I=1 K=1Lang CLK =1, 314 if Q=1 then the circuit is driven so that @ =%-

If initially, Q=0 , then the circuit is driven so that Q=1

Soif 4 =K =L the output changes state.

16.83
For J=v, =1, K=v, =0, and CLK =V, =1 4o Vo =0.

For J=v, =0,K=v, =1, and CHK=V2 =L o Vo =1

Now consider J =K =CLK =1. with Yx =V2 =L the output is always ‘o = 0. So the output does not change
state when J =K = CLK =1. Thjs is not actually a J ~ K flip-flop.

16.84
(a) 256K = 262,144 cells = 512x512
Each decoder = 9 inputs

(b) (i) Row 52, address =000110011
(i) Row 129, address = 010000000
(ii1) Row 241, address = 011110000

(¢) (i) Column 24, address=000010111
(ii) Column 165, address =010100100
(iii) Column 203, address = 011001010

16.85
1-Megabit memory =
(@) = 1,048,576 = 1024 x1024

[}

Number of input row and column decodes lines necessary -
250K x4 pitg = 262,144x4 oo = 512x512
(b) bits bits

For 512 lines = 9 row and column decoder lines necessary.
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16.86
32 rows x 16 columns
Each column contains 8 bits

16.87
Assume the address line is initially uncharged, then

| —cdVe A =ij|dt=l.t
dt o ¢ C c

_VeC_ (2.7)(5.8x10™)
Then | 250107
t=6.26x10"°s = 62.6 ns

16.88

o (5 B!
2.5-0.02 (TOJ(_j [225 0.4)0.02)—- (002)]
),

0.062 = ( 0.0836)= ( ] =0.74
L D
(b) 16K = 16,384 cells
%
b= DD:12_12 A
2 1

P=(1.2)1.2)16,384)= P = 23.6 mW

16.89
16 K = 16,384 cells

P, =200 mW = Power per cell = 200 =122 uW
16,384

s

io P 122 e ua=Yeo _23 g _gsiaM0
25 R R ———

D
VDD

Ifwe want Yo =01V fora logic 0, then
) k(W
Ih = (?][TJ[Z(VDD Vi )Vo _Vé:|
35\(W 2
488 = [ ; ]( L1[2(2.5—0.7)(0.1)—(0.1) ]

(%)
So ———

16.90
D=V, =25V

Assume M ,; in saturation; M ,, M, innonsaturation

I'ops = ona = o
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k/
lops = (ij(wf) Vees +Vip ) = (3—25](1)(2.5 ~04) =77.175u A
3

I'ops = loni

77.175 = [%j(z)[z(z.s ~04)Q-Q?]

We find Q2 -420+0.9647=0=>0Q=0.244V
I'ops = lona

77.175= (%j(l)[z(z.s ~0.244-0.4D-0.244)-(D —0.244)2]

19294 =[3.712(D - 0.244)— (D - 0.244)’ |
—~3.712D ~0.9057 — D +0.488D — 0.05954

We find D*-42D+2.895=0=D=0.869V
2" approximation, M ; in nonsaturation

Assume Vpg =Vp, —D =2.5-0.869 =1.631V
Iops = (375}(1)[2(2.5 —0.4)1.631)-(1.631) ]: 7333 u A
Iops = o
80 )
7333 = (7)(2)[2(2.5 ~04)Q-Q?]

Q2 -420+09166=0=>0Q=0.231V
I'ops = lona

73.33= [%}(1)[2(2.5 ~0.231-0.4 D -0.231)-(D-0.231) ]

1.833 = [3.738(D-0.231)-(D? - 0.462D +0.05336 |
We find D> 42D +2.75=0=D=0812V

16.91
Approximation, M, cutoff

lpp, =1pg, assume D =0
Both M, and Mj in nonsaturation

(3_;)(4)[2(2.5 ~04)2.5-Q)-(25-Q) ]

_ (%}(1)[2(2.5 ~04KQ-Q?]

70[4.2(2.5-Q )-(6.25-5Q +Q* )| = 40[4.20 -Q?]
We find 0.75Q2 +2.8Q —7.4375=0=0Q =1.794 V
Approximation, M, cutoff;, assume D=2.5V

Iona = lon
Both M, and M, in nonsaturation
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(%)(1)[2(2.5—Q—0.4)(2.5—Q)—(2-5—Q)2]

- (?j(z)[z(z.s ~04)Q-Q?]

2(2.1-Q)2.5-Q)-(2.5-Q)* =2(42Q-Q?)
2(5.25-2.1Q-2.5Q+Q*)-(6.25-5Q + Q* ) =8.4Q - 2Q"
We find 3Q” —12.6Q+4.25=0=>Q=0370 V

16.92

For Logic 1, Vi
(5)(0.05)+(4)(1) = (1+0.05)v, = v, = 4.0476 V
v,
(5)(0.025)+ (4)(1) = (1+1.025)v, = v, = 4.0244V

For Logic 0, V"
(0)(0.05) + (4)(1) = (1+0.05)v, = v, =3.8095V
V,:
(0)(0.025) + (4)(1) = (1+0.025)v, = v, =3.9024V

16.93
Design Problem

16.94
Design Problem

16.95
Design Problem

16.96

o ~LisB<i%<00sv
(a) Quantization error
Or LSB<0.10V
6-bit word, LSB = El =0.078125V
Fora 64

1-LSB = =0.078125 V
64

(b)

3.5424 x64=4534=n=45

©
Digital Output =101101
45:5 ~3.515625

A =3.5424-3.515625=0.026775 < % LSB.
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16.97
(a) Quantization error = % LSB<0.5%<0.0165V

1-LSB=0.033V
For a 7-bit word, LSB = % =0.0258V
(b) 1-LSB =0.02578125V

© 23211282982 =n-98

Digital output = 1100010

Now w =2.5265625V
128

A =2.5321-2.5265625 =0.0055375V < % LSB

16.98

(@ v :(O+

0
— —|5)=1.875V
3 + 16)(5) 875

1.1
4 8
1 0 0 1
b) vy =|—+—+—+—15)=2.8125V
®) v, [2 4 8 16j()

16.99
LSB = [%)(5) =03125V

% LSB =0.15625V

10
Vo =[ j )
Now 20+ AR,

vV, =2.54+0.15625=2.65625V

(a)

For "o
(10)(5)
20+AR =——"~= AR =-1.176K
2.65625
For Yo =2:5-0.15625=2.34375 V
10)(5
20+ AR, =—( )5)
234375V
AR, =+1.333K
For IAR|=1.176K = AR, =5.88%

10 J(S)

(b) For 160+ AR,
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v, =0.3125+0.15625=0.46875 V

160+ AR, = (10)(5) = AR, =-53.33K
*0.46875 ¢ '

Orv, =0.3125-0.15625=0.15625 V

160+ AR, = (10)(5) = AR, =160 K
*0.15625 ¢

For |AR,|=53.33K = AR, =33.33%

16.100
R, =320 kQ
R, =640 kQ
R, =1280 kQ
(@) R=2560kQ

10

v, = (—J(s) =0.01953125 V
(b) 2560

16.101
(a)
= Yo _ 25y Z _050mA
2R 10
L=l - 025maA
2

I, =2 =-0.125mA
2
[

l, == =-00625 mA

I, == =-003125 mA

I :35:—0.015625mA
Av, =|1|R: =(0.015625)(5)
(b) AVo=0078125V
Vo =—[1,+15+1,]R. =[0.25+0.03125+0.015625](5)
v, =1.484375 V

(c)
(d) For 101010; =(0.50+0.125+0.03125)(5) =3.28125 V
For 010101 Ve = (0:25+0.0625+0.015625)(5) = 1.640625 V

AV, =1.640625 V

16.102

\Y;
lLSB: Veer | R =£=0.20625V
2 8R N2/ 16

Ideal
v, for 101 = (%J(R):%(m): 2.0625V
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Range of v, =2.0625 i%LSB
1.85625<v, <2.26875V

16.103
6-bits = 2° =64 resistors

2°-1=63 comparators

16.104

(@)  10- bit output = 1924 clock periods

= % = Lﬁ =1 HS
1 clock period 10

. .. =1024pS=1.024mS
Maximum conversion time —

(b)

1 LSB = LY 0.002441406 V
2 211024

Vi =(128+16+ 2)[ij =0.712890625 V
1024

V, =V, J_rl LSB
So range of 2
0710449219 < Va <0.715332031V

© 0100100100: 256 +32+4 =292 clock pulses

16.105

N x5

3.125= = N=640=512+128
1024

(@

Output = 1010000000

(b)
N x5

1.8613:@: N =381.19= N =381=256+64+32+16+8+4+1

Output ™~ 0101111101
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17.1
@ g =200 _54q

(b) (i) v, =-1V, Q, off, O, on
yy =0-(0.2)2)=-0.4V
Uy =0

(if) v, =-0.4V, Q, on, Q, off

vy =0-(0.2)2)=-0.4V
Vg, =0

(c) For (i) and (ii)
P=(1,)0-7")=(02)1.8)=0.36 mw

17.2
@ i, :L_(_Z'S)Zolog mA, = R, =10kQ
RE
g, =0C0%5) ¢ oni
0.04
(b) (i) v, =-1.3V, Q, off, 0, on
. -1-07-(-25)
lp=—""T—"T—"—""->7>
10
Uy, =0—(0.08)6.25)=-0.50 V
Ve =0
(ii) v, =-0.7V, Q, on, Q, off
. —0.7-0.7-(-2.5)
Iy =
10
oy =0-(0.11)6.25)= -0.6875V
Vg, =0
(c) (i) i, =0.08mA, P=(0.08)2.5)=0.2mwW
(i) i, =0.11mA, P=(0.11)2.5)=0.275mW

=0.08 mA

=0.11mA

17.3
iCZ—IQ:O.S::;_O:RCZ:6K
(a) Cc2
zaﬂQ:os_i_l:RdﬂK
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) I exp (ij
2 Ve

-
I |exp Vier +exp Va2
v, v,
3 1
1+exp VBEZ_VBEl
VT

Vi = Voo =Vaes

(c)
So

e _ 1

I _
¢ 14 exp[v’J
VT

01__ 1
-V
l+exp| —-
p[VT]

e ) R
v, ) 02
(-v,)=(0.026) In (4)

v, =-0.0360 V

=0.2

17.4
@ % =05V, O on, D off = Ve =3V
Vo, =3—(1)(0.5) = 2.5 V
() "1="05V Qo © gp = Ve =3V
Vo, =3—(1)(0.5) = 2.5V

17.5
(a) 0, onv, = -1.2-0.7=-19V

Pl ) P S
E c2 25 '

v, =—1V =—i,R., =—(1.32)(R,)
R., =0.758 kO
(b) @ Onve=-07-07=-140V
~14-(-5.2)

iy =i =—— —— =152 md

v =-1V =i, R, =—(1.52)(R)
R., =0.658 kO

©) Forv, =-0.7V, Q, on, O, off
=, =-0.707
Voo =—1-0.7=v,, =-17V

For Vu =—17V. O off, O, on
=V,, =07V
Vo =—1-07= v, =17V
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(d) (i) For ¥ =07V, iy =1.52 m4
. -1.7-(-5.2)
e =——3—— =117m4
. —Q7—(_52)
lCS :f
P=(ig +ica +ies)(5:2) =(152+1.17+1.5)(5.2)
P=218mW
or ——<=°m¥

=1.5mA

(ii) For Vi =17V iy =132 mA
~-0.7-(-5.2)
- 3

. A17-(-52)
o=y =117 mi

=15mA4

Icq
i

P=(1.32+1.5+1.17)(5.2)
P=20.7mW
or ——

17.6
_37-07
a 067+133

Ve =L,R,+V, =(1.5)(1.33)+0.7

5mA

or
V=270V
; =3.7-0.7 oV
b.  logic 1 level 37-0.1=30V
=v, =logic1.

ip = % =2.875MA =i,

For Yx

Vys =3.7—-(2.875)(0.21) =3.10 V
= vy (logic0)=2.4V

For Vx =Vr = logic 0, O, on

. 27-07 .

Iy, = T =25mA= Lpco

vye =3.7-(25)(0.24)=3.1V
= vy, (logic 0)=2.4V

177
@ R =27707-C21) 550
0.20
0-(-2.1)
b) R, =R, =2=C2Y 47510
(b) Rs=R; 012

(€) I, =1z =0.20MA
Vo =—0.7V, v, =0

RCl=%=3.5 kQ
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(d) I, =14y =0.20mA
Uy ==0.7V, v =0
. 07-0

R., =————=35kQ
17.8
V,=-05V
iy :w:(m mA, R, =45kQ
RE
R, = L_(_S) =6.25kQ
0.4
Vy, =-05+0.7=0.2V, R, = 07202 _, )51
R, = 02-07-07-(-3) _ A5KQ
0.4
R =, =2 37510
0.8
Vor = -1V, =0 =-03V
R, _07-(208) L5100
v, =0, i, :_0'7—_(_?’):0.511mA
4.5
Ve =-1+0.7=-0.3V
o :M:l_gm kO
0.511
17.9
v, =logicl =18V, logic0=12V
For v, =logic1=18V
i, =0.8= 18-07 _, R, =1.375kQ
E
Ve =12+0.7=19V, =R, = 25719 ¢ 7510
: 15-07 0.8
For v, =logic 0, on; i, = =——=0.5818 mA
vr =1091e 0, Oy om iy == T =1 a0
Vg =1.2+40.7=19V
Re, = 25719 1 31k
0.5818
Ry - R, -1 225K

o
oo
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17.10
Neglecting base currents:

I =0,155=0

(@)
y=07v
5-07
Iy =2 = 1, =029 md
I;,=0
5-07
s :?:>IE5 =1.72mA4
y=07V
(0) ——
=1y =220 p —1,,=0239 m4
(©) 18

I,,=0Y=5V
(d) Same as (c).

17.11
(a) VR = —(l)(l)—07 = VR =17V
(b) Q, off, then v, = Logic1=-0.7V

0, on, thenv,, =—(1)(2)-0.7 =

Vo =Logic 0=-2.7V

0,10, off, then v,, = Logic1=-0.7 VV

0,10, 0n,thenv,, =—(1)(2)-0.7=

Vo, = Logic0==-2.7V
A=B=1Logic0=-2.7V,Q, on,
V,=-17-07=V,=-24V

A=B=Logicl=-0.7V,0,/0, on,

V,==07-07=V,=-14V
A=B=Logicl=-0.7V,0,/0, on,

(©)

(d)
iy = 221252 4 67 4
15
- —0.712—5 2 4,

P=(1.67+1+1+1+3)(5.2) = P=39.9 mW
A=B=Logic0=-27V

icy =3mA, i., =1.67 mA

P=399mWw
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17.12
a.  AND logic function
b. logic0=0V
0, on,i:W: 2.25mA
V, =(2.25)(0.8) = logic1=1.8V
=0T 165 ma
5-(0.7+0.7) .
lpy 2%3152 =3mA
iy =0, i, =iy, =3MA
. =0
i, =2=W8H0D ;g 962 mA
2.6 2 -
iy =200 _225mA
1.2 2
iy =0, iy =iy, =225mA
d V,=18V
17.13
(@ o, =(logic 0+ logic 1)2—0.7=>231 g7 26V
(b) For v, =v, =logic1=35V
vy =35-07-07=21V
ip = 2170 _4175ma
12
fper = %.i,ﬂ _0.05833mA =24 R, =6.86kQ

C1
(c) For v, =v, =logic0=3.1V
Uy =V,-07=26-07=19V

iy =% =0.1583mA

0.4

incs = %-im =0.05277 MA=——= R, = 7.58KQ

Cc2
(d) For v, =v, =logic0=3.1V

ip =0.1583mA
~3.1-07

=0.3mA

Ip

P =(0.1583+0.3)3.5)=1.60mW
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17.14
Assume V, =0.4V
(@ Logic1=0.2V, Logic0=-0.2V

(b) i, :L(‘S'lo)zozs:RE =9.6kQ

E
(C) ipy +ig =i
2ipy +igy =3ip =0.25= i, =0.08333MA
=28 _48kQ
0.08333
@ i, 0.2-0.7-(-3.10)
9.6
i =22 9% _00833mA
R, 48
ipy =iy —ig, =0.2708-0.0833=0.1875mA
() i, =0.2708mA

=0.2708 mA

e = —‘0'2‘3.(;3'10) ~0.8788 mA
ips = —0'2_;_33'10) =1.0mA

P =i, +ig +ig, )0.9—(~3.10)] = (0.2708 +1.0 +0.8788)4) = 8.6 mW

17.15
a.
~0.9-0.7)—(-3
j - (09-07)-(3) 1) ( ):i1:1.4mA
~0.2-0.7)—(-3
= (02700)-(8) . h1ama
15 =hnk Geallla
o (-02-07)-(-3)
iy :—314 :014 mA
15 ik cadlla
i) +iy =i +i, =14+014=154mA
;=24 i _osmA
05 2—"2
i, =0.74mA
vy = 0.4V
. a=l4mA
i = —(O‘O'Zé‘ 3 i —0153mA

i, =iy =i, =0.153 mA
i +i, =i, = i, =0.153mA
ip=0

v, =—(0.153)(0.5) = v, =-0.0765 V
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- (0-0.7-0.7)~(-3)

i = — i -16mA
C. 1 —
i = —(‘0'2‘(1";)‘ 3 i —014ma

i, =i, =i, =0.14 mA
iy+iy =i, = i,=0.14mA
i, =0.0
v, =—(0.14)(0.5) = v, =—0.07 VV

| i = (0_0'7_5'7)_(_3) =i =16mA

i, =i, > i, =0.153 mA

iy+i, =0 +i, =1.6+0.153=1.753 mA

=24 i —08mA
05 ——

i, =0.953MA
v, =-0.40 V

17.16

@ () A=B=C=D=0V, 0,,0,,05,0, off; 05,0, on

91
1.8=1i,(2+0.0824)= i, =0.8644 mA
Y=25-i,(2)=Y=0771V

2.5=1i,(2)+ 0.7+%(’£](15)

(i) A=B=0V, C=D=25V, 0,,0,,0, off, 0,,0,,0, on

25=i,(2)+0.7 +("9Li](15)

1.8=1i,(2+0.1648)= i,, =0.8315 mA
Y=25-i,(2)=7=0837V

(i) A=C=25V, B=D=0V; 0,,0, on, 0,0, off

inn=0=>Y=25V
(b) Y=(4 or B) AND (C OR D)
(c) (i) P=i,(2.5)=(0.8644)2.5)=2.16 mW
() iy = 2221

5~ 012mA
P =iy +i4)2.5)=(0.8315+0.12)2.5) = 2.38 mW
(i) iy =ips = 2507 _ 419 mA

P =(ig, +ip; )2.5)=(0.24)2.5)=0.60 mW
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17.17
a. logic 1=0Vv
Iogico:_o"w
b vOl =4 OR B
v, =COR D

Vos =V OR vy,

or
vos = (4 OR B) AND (C OR D)

17.18

a.  For CLOCK = high, Toc flows through the left side of the circuit.. If D is high, Toc flows through
the left R resistor pulling Q Jow. If D iis low. ‘o flows through the right R resistor puLIing O low.
For CLOCK = low, Toc flows through the right side of the circuit maintaining O and 2 in their previous

state.

b P=(loc +050,c +0.10, +017,.)(3)

P=171,.(3)=(1.7)(50)(3) = P = 255 uW

17.19
(@ (i)Forwv, =01V

v, =08V
. 25-08

Iy

i,=i,=0, v, =25V
(if) For v, =25V

v, =07+08=15V

=0.1417mA

i =i, = 2515 _ 5 0833 ma
v, =01V
iy = 25-01_50ma

12

(b) (i) v, =0.7+0.7=1.4V
v, =0,-07=07V

(ii) v, =0.7+08=15V

v, =0,-07=08V
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17.20
(a)
v, =0=V,=07V
i = 33-07 _ 433 ma
i, =i, =0
v, =33V
(b)
v, =33V v =07+08=15V
i =231 _o3ma
0.8

ip =——=0.04 MA
20

i, =0.3-0.04=0.26 mA
. 33-01

lc

v, =01V

=0.8 mA

17.21

. pop =W =01V=1=08V

ilz%: i, =0.525 mA
ip=i,=0

ii. For Yx =% =5V,
vV'=08+0.7+0.7=>=v' =22V

=222, _035mA
8 P

i, =i1—%:»i4 =0.297 mA

=220t o0ama
24 A ———

3

17.22
(i) vy =v, =01V
v'=08V

i = 3'3;0'8 =0.3125mA

iy=i,=0
(ii) v, =v, =33V

0 =08+0.7+07=22V
. 33-22

I

=0.1375 mA

i =01375- 28 _0.08417 mA
¢ 15

iy = 3'32_40'1 =1.333mA
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17.23

a.  For "x =" =%V photh ¢ and  driven into saturation.
1, =0.8+0.7+0.8=, =23V

i =%:> i, =i, =0.675mA

. 5-(0.8+0.7+0.1)

==
2

i, =iy +i, =i, =2.375MA

i5:%:i5:0.08mA

i, =1.7mA

iy, =iy —iy = iy, = 2.295 MA

=201 _1205mA
4 3 -

v, =0.1V

i ZMZLOS mA

b i (Max) = Bi,, = Nij +i,
(20)(2.295) = N(1.05)+1.225

So
N=42

17.24
(@ v, =08+0.7+0.8=23V

i = 3'3; 23 _025mA=i,,

U, =08+0.7+0.1=16V
. 33-16

1, =

=0.85mA

iy, =ip +i, =0.25+0.85=1.10mA
i = 98 _508ma
10
ip, =i, —is =1.10-0.08 =1.02 mA
iy = @ =0.80 mA
(b) i, (max)= Bi,, =i, + Ni}
i -33-(01+0.7) 01+07) _ 65 ma

(20)1.02)=0.8+ N(0.625) = N =31.36 = N =31
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17.25
Dy and D off, Q forward active mode

v, =0.8+0.7+0.7=22V

5=iR +i,R, +v, and i, = (1+ B)i,

g 5-22=0[(1+ AR +R,]

Assume #=25
. __ 5-22
2 (26)(1.75)+2
i, = (1+ )i, = (26)(0.05895) = i, =1.53 mA

iy = Biy = iy, =1.47 mA

= i, =0.0589 mA

Ip, =y +1y _0;58 =0.0589+1.47-0.16 =

iy, =1.37 mA
O, in saturation
5-0.1

lCo

=== i, = 0817 md

17.26
(@ "~ OV. 9 forward active
i, =297 o717 mA
i. = (25)(0.71667) =17.9 mA
i, = (26)(0.71667) =18.6 mA

. _5-(08+07)

B

=0.583 mA

Because of the relative doping levels of the Emitter and collector, and because of the difference in B-C

and B-E areas, we have ~le =iy =0.583 MA and ‘=
@© “=36 O jnverse active.

. _5-(08+0.7)
=2 eer )

i, =—p,i, =—(0.5)(0.583) = —0.292 mA
i =—i, —i, =—0.583-0.292 = .. = —0.875 MA

=0.583 mA

=small




Microelectronics: Circuit Analysis and Design, 4™ edition Chapter 17

By D. A. Neamen Problem Solutions
17.27
(@ (i)Forv, =01V, v, =01+08=09V,and v, =25V
i = 25-09 _ 4 1333mA
i, =iy =0
(if) For v, =25V, v, =0.8+0.7=15V,and v, =0.1V

i = 2'51_21'5 =0.0833mA

i, =i,(1+0.1)=(0.0833)1.1) = 0.09167 mA

. 25-01
Iy =

12

(b) (i) v, =0.7+0.7=1.4V

v, =14-08=06V

(i) v, =0.8+0.7=15V

v, =1.5-0.8=07V

=0.20mA

17.28
a i vy =Vy =01V,50 0, i satyration.
i = 75‘(0'?0'8) =, =0.683mA
Sy, =i, =0, =iy =0, =0
ii.  Yx =% =5Vi300 i inverse active mode.
Assume 22 and < in saturation.
;< 5—(0.8+60.8+0.7) i i, —045mA
i, = 75_(0'?0'1) =i, =2.05mA
i =%:1‘4 =0.533mA
15 ——
igy = (iz, +1,)—i, =0.45+2.05-0.533
or
iy, =1.97 MA
A =5_—0'l:>i3 =223 mA
2.2 —_—
b. For &:
b _228 443 p
i, 1.97
For QZ:
h _205_4c6<p
i,, 0.45
Since (Zc /[B) <P , then each transistor is in saturation.
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17.29
(@ (i) v, =01V, v, =33V
v'=0.1+07=08V

. 33-08

1.

i

=0.156 mA

iy=i,=0
(i) v, =v, =3.3V
0 =08+0.7+07=22V

i = 3'31_62'2 =0.06875 mA

i, =0.06875- 28 _0.02875 mA
¢ 20

iy = 33-01_5333mA
6

(b) i01(max):ﬂi4 =1 +Ni£
. 33-(0.1+0.7)
BT

=0.15625 mA

(50)(0.02875) = 0.5333+ N(0.15625)= N =5.8 = N =5
(©) i.(max)=pi, =(50)0.02875)=1.44mA<5mA, = N =5

17.30

a.  For Yx =" =3V, O ininverse active mode.

5-(0.8+0.8+0.7)

= =045mA

igy = gy + 2 Byiz =0.45(1+2[0.1]) = 0.54 mA
~ 5-(0.8+0.1)
i, =—————2=2.05mA

2

igs =iz + im)—% =0.54+2.05-0.533

or
iy, = 2.06 MA
Now
i = 5-(0.1+0.8) =0.683mA
6
Then

ics(MaX) = Briys = Nij
or (20)(2.06) = N(0.683)
= N =60
Vo high, I, =(0.1)(0.45) =0.045
5-49) (21)(0.0)
R, j 2
=1.05mA

b. From above, for

1, (max) —(1+ﬁF)[

So
I, (max) = NI,
or 1.05= N(0.045)
=>N=23

mA. Now
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17.31
@ @)V, =01V
iep = M =1.025mA
ipcp =15, =0, V,, =5V
(ii) 7, =5V
P- 5-(0.7 +40.8+0.7) 070 mA
vV, =07+01=08V
5-0.8

iRCP :T:4.2 mA

ips =(1.1)0.7)=0.77 mA
iy = Bipyr lcs =42=Pig,, igs :0'77+(4'2_ﬂib’u)
Ig, =lpg _ﬂ
1
ip, =077+4.2-pi, —-0.7

@+ By, =421 =10y, = % =0.0837 mA

(b) (i) ¥, =0.1V, V,, =High,
i) =5p,iz, =5(0.1)0.7)=0.35mA
V.. =5-(0.35)1)=4.65V
P =(5-0.1)1.025)+(0.35)(5— 4.65) = 5.145 mW
(ii) i, =5(1.025)=5.125 mA

P =(0.77+4.2)5)+(5.125)0.1) = 25.4 mW

17.32
a vy =y, =v, =01V
i =2=O108) 1 5 mA
3.9 _—
Then

Iy = lgp =gy =lgy =g =0

b. Ve =V, =V, =5V
. 5-(0.8+0.8+0.7)
lBl == a4
3.9
Then
Iy =1y, =15 (1+36;) =(0.692)(1+3[0.5])
=i =g =173 MA
_ 57(0.;4— 0.8) N

= i, =0.692 MA

ic, =2.05 A

e}

lps =iy +icy —% =1.73+2.05-1.0

=i, =2.78 MA
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iy =229 5 0ama
i = 3201+08) ) 55 a
3.9
iy =iy +5i! = 2.04+ (5)(1.05)
=i, =1.29MA

17.33
@ @) I, =5uA, i, :%:o.ogsﬂA
V,s =5-(0.000098)2)=5V
v, =36V
(i) I, =5mA, iy, = % =0.098 mA
V,s =5-(0.098)2)=4.804 V
v, = 4.804-1.4=3.404V
(i) Q, in saturation
_5-V, 5-(V,+08)

1y

2 2
_5-V. 5-(r,+0.)
€7 013 013

I,+1.=1,=1,=25=

v, =1.81-0.7=1.11V
(b) V,, =0.7+08=15V
5-15

[BA_

=1.75mA

Ve, =07+01=08V, I, =%=32.31 mA

I, =1.75+32.31=34.06 mA

5-(v, +o.7)+ 5-(v, +0.1)
2 0.13
25=2.10-V,(0.5)+37.69—-V,(7.692)= V, =1.81V
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17.34
a v, =v, =v, =28V, O
_2.8-(0.8+0.8+0.7)
- 2
iy, =1p (1+34,)=0.25(1+3[0.3])
=iy, =0.475mA
Ve, =0.8+0.1=09V
~09-(07+01) 01
1+ B.)(0.5)  (101)(0.5)
=0.00198 mA (Negligible)

iy = 5;—3'9 =4.56 MA

biased in the inverse active mode.

Bl

=iy =0.25mA

Ipg

=i, =456 MA

lgg =1y +ics —% =0.475+4.56-0.8

= i,, = 4.235 MA

b vy =v, =v, =01V

~ 5-(0.1+0.8)
——
From part (a),

it = B, i, = (0.3)(0.25) = 0.075 mA
Then

= iy, = 2.05 MA

In

. __5i _5(0.075)
o118, 101

= i,, =0.00371mA

17.35
a vy =y, =v, =01V

_2-(01+08)
- 5 B.

Ip R, 3
where
_(2-0.7)-(0.9) 04
B3 RBZ - 1
=i, =04 mA
Then

ig :1T1+O.4:> iz =1.5mA

I =0=1i,

9 in saturation “c: =% For o high,
v, =08+0.7=15V = Q] off
i = ? =05mA
il = Buily = (0.2)(0.5) = 0.1 mA
Then
iy =0.5MA
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b. Ve =V, =v, =2V
From part (a),

=iy =05mA

Ipg = 0=l
iy, =15 (1+35,) = (0.5)(1+3[0.2])
ip, =0.8 MA

ic2 =501, and from part (a), * =15 MA
So

in, =7.5MA

17.36
I 5.8-0.7

D

(a) 10

I.—1, :M:m mA

=0.51mA4

Now
1,=051-1, = 051-Lc _g51-Lc
B 50
Then
I.-1,=1I. —(0.51—ij =1 (1+i)—0.51: 46
C D C 50 C 50

go lc=501m4

1=t 50 01002 ma

p 50 e
1, =051-0.1002 = I,, = 0.4098 mA
Ve =04V

1,=0V, =V (sat) =01V

58-0.8
10

=50 as

(b)
1

=1,=05m4

B

17.37
@ (@i)v, =0, v, =03V

i = 1'510'3 =1.2mA

ip=i.=0, v,=15V
(i) v, =15V, v, =0.7+0.3=1.0V

i = 1'511'0 =0.5mA

iy = 0.5—% = 0.465mA
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15-04

lc

=0.9167mA, v, =04V
() (i) v, =07+03=1.0V, v, =0.7V

i,=i.=0
(i) v, =10V, v, =07V

i = 1'51_20'4 =0.9167 mA

i, =t 09167 4 53667 ma
B 25
(©) ic,(max)=pBi, =ic +Nij
, 15-(04+0.3) 04

i =222 2T 0,78 mA
1 20

(25)0.465)=(0.9167)+ N(0.78) = N =13.7 = N =13

17.38
a vy =v, =04V
v =04+07=v, =11V
_5-11

iBl = W = iBl =1.39 mA

vy, =04+04=v,, =08V
Ipp =lcp =lpg =lcg =lps =lcs
=iy, =iz, =0 (Noload)
S5=iy, R, + Ve + L+ Big,R,
. 5-0.7
lps = o oA oy
0.76 + (31)(3.5)
icq = Prigy = ic, =1.18 MA
vy, =5—(0.0394)(0.76) = v,, =4.97V
b. Vy =V, =36V

= i,, =0.0394 MA

vp =07+0.74+03= v, =17V
vy, =14V
vy =0.7V
Ve, =11V
iy = % = i, =1.1786 MA
iy, =iy (1+2,) =1.18(1+2[0.1])
iy, =141 MA

_11-07
"4~ 31)(35)
5-11
T 076
Ipg R gy +icy

iy =6.54 MA

= i,, =0.00369 mA

g2

=5.13MA = i., ~5.13mA
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17.39
(a) For the load, iy :M:E(O.Z): R, =18kQ
Ry 2
For v, =v, =v, =logic 1
- 2.5-(0.7+0.8)
18
25-(0.7+0.1)

RCl

=0.05556 mA

Ipe1 =

i), =01=005556+—" 2T p _163k0
0.7

C1
(b) v, =04V, vy =07V, v, =0
v, =25-0.7=18V
All i, =0, All i, =0
(€) vy =15V, vy, =07V
_25-15

im =0.0556 mA
= 25-(0.7+0.1) _1043mA
1.63
iy, =0.10 MA
i, = 425-(04+03)] 0.40mA
18
v, =04V
(d) i.,(max)=Bi,, = Ni}
i) =0.1mA

(20Y0.1)= N(0.1)= N =20

17.40

a. For "r=w=38V

v =3(0.7) = 2.1=> iy, = 51—51 =029 mA

Vv =07+07+04=18V =i, = 218 _g32ma
10

Ugy =i +igy f% =0.29+0.32-0.0933
So
iy, =0.517 MA
Ve, =07+04=11V
_5-11

iCZ T = 0951 mA

ys =gy +ic _%7 =0.517 +0.951-0.175

or iss =1293mA
For %o =04V, v}, =04+0.7=1.1V
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Then
i = L170.7_ ) 00086 mA
(31)(15)

iy =221 000086 or i; ~0.39 mA
10

So Ics (max) = :Bigs = Nii
(30)(1.293) = N(0.39) = N =99

b P =(0.29+0.32+0.951)(5) + (99)(0.39)(0.4)
P=7.805+15.444 or P =232 mW
(Assumming 99 load circuits which is unreasonably large.)

17.41
a.  Assume no load. For Vx =109ic0=04V
= 5-(04+07) 0.0975 mA
40

Essentially all of this current goes to ground from Vee:
P =iy, -V =(0.0975)(5) = P = 0.4875 mW

i =2=C0D 5705 ma
b. 40
i, = 2207407408 564 ma
50
L5070 o
15
P =(0.0725+0.064 + 0.26)(5)
P=1.98mwW

¢ For % =0 v =07+04=11V
5-1.1

lp7 = m = iR7 =78mA = iSC
17.42
@) i, :M:m mA

) i, = 2-4_;0-7 —0.85mA

R, = 3224, 706kQ
0.85

(c) (i) P=(10)3)=3.0mwW
(ii) P=(0.85)3)=2.55mw
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17.43

@ v, =v,=25V; Atransient situation
Vps(M)=25-07=18V
ves(My)=25-0.7=1.8V = M, insaturation
ve,(M,)=5-(25+0.7)=1.8V
Vg (M,)5-25=25V = M, in saturation
ipy =K, (Vosy = Vi)’ = (0.0)(1.8-0.8)* =i, = 0.1mA4
inp = Kp(veop +Vip)? = (0.1)(2.5-0.8)* = i, = 0.289 mA
ioy = Piyp = (50)(0.289) = i, =14.45 mA
iy = Pipy =(50)(0.1) =i, =5 mA

Difference between ‘=t and ‘ov T2 s a load current.

(b) Assume icr =14.45mA ¢ 3 constant
N PSS (9. O}
C C C1 C iCI
(5)(15x107%)
t:m:t:&lQns
2 BSA0) e s
©) 0.289x10° = ———
17.44
5V
4| My l i
\[F.IIJ
0.03 |/
(JI
N
y=25Ve—4 n.m| % R, l -
0.03
| ipy = 0.10
0.03 ]/
- 0,
[y
[}.U?| i Ry
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(@) Assume fi =R =10k 5=50

=1

! R2

R1

Then
NMOS in saturation region; “esv

iy =K, (Vesy Vi )’ =(0.1)(1.8-0.8)°

ipy =0.10 mA
Then sz =0.03=> i, = (50)(0.03) =1.5 mA

iy =1.53MA =i, =0.03mMA=i,=15mA
=0.10 mA

= 07 =0.07 mA
10

=25-07=18V

So iDP
Now, Mp biased in non-saturation region
Veop = 2.5V
ipp =0.10=0.10[ 2(2.5-0.8)vy, —v5, |
0.10v?, —0.34v,, +0.10=0
0.34+,/(0.34)? — 4(0.10)(0.10)
v =
» 2(0.10)

Or
v, =0.325 V

Then ¥ =5-0325-0.7
v, =3.975V

v= lJ‘idt Ut
(b) C C
B Q B (15x107%)(5)
i 1.53x107
t=49ns
(c)
. g _ (15x107%)(5)
i 0.1x1073
t=0.75 us




