Microelectronic Circuit Design
Sixth Edition - Part I1
Solutions to Exercises

CHAPTER 6

Page 317
(a) »=|A[|4] = 4x10*(2.75x10%) = 1.10x10"
V,=\2BR, = [2(20W)(16Q) =253V | A, Yo B3V 5 0600°
V. 0.005V
10=i=ﬂ_158m1 V000V 67, AlA, _L L84 g 4gxi0°
R, 169 Ry+R, 10kQ+20kQ I, 0.167uA
253V(1.58A
AP=§=#=479;¢10‘° | Checking:A, = (5.06x10%)(9.48x10°) = 4.80x10"
P, 0.005V(0.167uA)

Page 318
Apas = 20l0g(5060) = 74.1dB | Aiyp = 2010g(9.48x10°) = 140 dB | Apyz = 20log(4.79x10°) = 107 dB

Avas = 20l0g(1210) = 61.7 dB | Ajqp = 20l0g(2.51x10°) = 128 dB | Apap = 20log(3.03x10°) = 94.8 dB

Ayap = 20log(1210) = 61.7 dB

Page 325
1
G = = =0262 uS | 4= =0.262uS(76)(50kC2) = 0.995
in gll 20kQ+76(50kQ) Au | g21 Au ( )( )
-1
Rout = g22 = 1 + 1 + 75 = 262 Q | g12 == g22 == 2629 = —00131
50kQ  20kQ  20kQ (20kQ)  (204Q)
RM—L—382MQ | A=g,,=0995 | R, —L=262§2
8 E»n
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Page 326
R =0—] =011 =0—>A =0

AP =AvAi =Av Av RI +Rin =Av2 RI +Rin
RL RL

R R
V. = J2PR, = [2(100W)(8Q) =40V | V =AV|_"in L
' \/ ’ \/ ( )( ) ’ I(RI+RM)(R0M+RL)

AVo[R+R, \(R, +R, |__40V (5k9+50k9)(0.59+89
Vi R R 0.001V\  50kQ 8Q

2
4OV) 0.5€2 _625W
82 2

)= 4.68x10*

L
12
Ay =201og(4.68x10*)=93.4 dB | P==R =(

out

1
, =V‘:(R, +R,)=

Ay, =201log(2.75x10%) =169 dB

A= S5V

1

~ |~

- (5kQ+50kQ) =2.75x10"

A 40V (5k9+5k9)(89+89

0001V skQ 8Q

2 2
P=%”R0m=(40v) %:100 wilA-—Y

)= 1.6x10° | A, =20log(1.6x10°) =104 dB

8Q

” (5kQ+5kQ) =5x10" (154 dB)

Page 331
(a) The constant slope region spanning a maximum input range is between -0.5 V=v <15V,

1.5+(-0.5
and the bias voltage V,,, should be centered in this range: V,, = % V=+05V.

vp=Vp+v, | -05V=05V+v, —=v,=-1V and 0.5V +v,<15—=v, <+1V
n=1Vsvys+1V or |v,[<1V and |y |<10V

(b) For V,, =-1V, the slope of the voltage transfer characteristics is zero, so 4 = 0.

v =10(v;, —0.57) =10(=0.5+0.25+0.755in10007 ) = (-2.5+ 7.55in10007 ) V' | ¥V, =-2.5V
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Page 336

2w x 10° -400 5000z
s)=- = — A4 . =-400 = =2.50 kHz
AV( ) s + 5000 1+ S mid T 21
50007

BW = f, - f, =2.50 kHz-0=2.50 kHz | GBW =(400)(2.50kHz)=1.00 MHz

Page 338
1 1
S =— =804 kHz
" 2n (leHIOOkQ)(zoo pF)
Page 339
250 250
Av(s)=m | A4,=250 | f, =7=125 Hz | f,=0 | BW=0-125=00
1+
S
Page 341
1, ! ! =158 Hz

T2n (1x2100ke)(0.101F)
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Page 343

= =67.08
—1+2+ 2 1+ ;2 (1)2+(2)2

A5 =2010g(67.08)=36.5dB | £A,(j1)=2£(50)+£(3)- tan*H =0+0-63.4°=-63.4°

-25+4 1050 _ 1050 _4187

4,73) = 225+2+j10 23— 10 | ‘(15)‘ \/(—23)z+(10)2

A =20l0g(41.87)=32.4dB | £A,(j5)=£(1050)+~tan” 1703} -=0-(-23.5°)=+23.5"

Av(jw)=% | Av(j0.95)—\/ 20 =143

1+ 0.1)'(0.95*
+J -’ ((1 _)0(952)2)

1>+

£4,(j0.95)= £20- tanl[w

95°

]= 0- (44.3”) = _44.3°

20

4,(71) = \/lz + 0 ()

20

40 \/12 . (0.1)2(1.12)
(1-1.7)

=0 | 24,(j1)=220- tanl[(l).l(llz)} -0-(90°) =-90.0°

12

=177 | £4,(j1.1)=£20- tanl[o'l(ll'l)] =0-(-27.6") = +27.6°

(i) 4(s)= 400 | A4 =400 or 52 dB
100 s
1+ 1+
( s )( 50000)

fL=120—0=15.9Hz | fH=5(;ﬂ=7.96kHz | BW =7960-15.9 = 7.94 kHz
JU JU
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CHAPTER 7

Page 355
I _L5md _
(a) Atthe Q-point: S, = I, 715#14 100
DY [ = Ic _ 1.5mA — 274 £4
()S_ex (@)_ (0.700V)_ 74f
P\v,) ¢*P\p.02597

(c)R, = ‘;_be = i’Z{Z =1.6 kQ (d) Yes. With the given applied signal, the smallest value of v is

b

Ver =5V -0.5mA(3.3kQ) = 3.35 ¥ which exceeds v, =0.708 V. (e) 4,4, =2010g|-206|= 46.3 dB

Page 356
(a)No: vt =2.7V with v -V, =4 —1=3V, so the transistor has entered the triode region.

(b) Choose two points on the 1- v characteristics. For example,

1.56mA = §'1(3.5-VTN)2 and 1.0mA=%(3.O—VTN)2.

Solving for K, and V,,, yields 500‘?}—? and 1 V respectively.

(c) 4,5 =201og}-4.13 =12.3 dB

Page 357
Vip= K oy 3007 | Ryy= 10kQ|[30kQ = 7.5 kQ
10kQ + 304Q
Vo =V, -
Lept =g VoV 30V =07V e
Ryo +(Br +1)R, 7.5kQ+(101)(1.54Q)

Vep =12-43001. ~15001, = 12 - 4300(1.45mA4) - 1500(%)(1.45%) =357V

Vy =Vyp—I,Ryp =3.00 - L.a5mA

(7.5k£2) =289V

5 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
06/15/22



Page 358
ve(t)=Ve+ve =(5.8-1.1sin2000m ) V| vy(t) =V, +0= 1.45mA(%)(1.5k9) =220V

1.1V

il =5 =0256mA | Li =180" | i(t)=-0.265in2000m mA | vy(t)=Vy+v,(t)

1.45mA

Vy =Vyp=I5Ry, =3.00 - (7.5k2)=2.89 ¥ | v,(r)=(2.89+0.005sinsin20007) V

1 1
" wC 20007(500uF)

c

—0318Q | X.<<R,

Page 361
Ry =20kQ[62kQ=15.1kQ | R, =8.2kQ[100kQ=7.58 kQ

Page 365
o i, 00V o 002V
I, +1, 174 500
L Y R I e LA g o
2mA 34
2027 670 ) K _[geaxior L (373K)=00322 7 | 1, - 00322V _,140
1.5mA q K 1.5mA
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Page 370
g, =401 =40(50ud) =200 mS | r, = B _ % =37.5kQ

VitV 6OV 45V
° L 50ud

=130 MQ | u, =g,r, =2mS(1.30 MQ) = 2600

g, =401 =40(250u4) =100 mS | r, = sv = % =5.00 kQ

p=Latla DYV 36010 |, - g,r, = 10mS(360k2) = 3600
1, 250ud

The slope of the output characteristics is zero, so V, =% and r, = .

Bro = Br _/3F=I_C_%=100 | gm=Ai=M=625mS
1+@ I, 15u4 Avy,.  8mV
VA
p,=lic 300wy, P 100 6ok | s oA 3V 6oka
Ai,  Sud g, 62.5mS Ai,  0.5mA/100

1, = PoT, = 1007, | Multiply each entry by 100.
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Page 380
A,=-g R = —9.80mS(18k€2) =-176 | Ten percent of the input signal is being lost

by voltage division between source resistance R, and the amplifier input resistance.

Assume the Q - point remains constant.

(a) Ry =1, = 5 ;(2)5 S =12842 | 4, - -9.80mS(184Q)
.oum

104k9[12.8422 J
--162
1kQ + 104k€2H12.8kQ

(b) RM™ =1.1(18kQ) =198 kQ | R™ =0.9(18kRQ)=16.2 kQ
104k910.24Q )
=-143
15Q +1044Q[10.24Q

Am = —9.80mS(16.2kQ)(

+(19.8kQ 19.84Q
max = min — _143 - _
AT =4, (16.2k§2) (16.2k§2)
. . 16.2kQ 19.8kQ
Checking : A™" = 4" === | = ~159(0.9) =-143 | A™ = 4™ =-159(1.1)=-175
g: A Av(lgkg) (0.9) | Al Av(lgkg) (1)
(c) Vip =12V = 22kQ1 . -13kQI, =12V - 0.275mA(22kQ + %13/«9) =234V
100
g, =40(0.275mA)=11.0 mS | Ry, =r, = =9.09 kQ
11.0mS
10442[9.094Q
A, =-11.0mS(18kQ) - _177
15Q + 104£29.09kQ
e B, 100
A" =-10V . =-10(20) = =200 | g, =401, =40(100ud)=4.00 mS | Ry =r, === =——=25kQ
g, 4mS
= Latlo SOV 6o kg |y, - g, = 4mS(600k2) = 2400
1. 1004 :
Ry|Ry 150kQ[25kQ
A4, = =g, (Re[, ) =" = ~4.00mS(100k2600k<2) - -278
R, + Ry||R,s 5kQ +150kQ25kQ
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Page 381

o= —— Koy 4178 | Ry, = 160Q300k02 = 104 kO
160kQ + 3004Q

gt —p VoV 41TV =0V s

T R + (B + )R, 104kQ +(101)(134Q)

Vep =12-220001. ~130001, =12 -22000(0.245m4) - 13000(%)(0.245;71/1) =339V

1.38x107%(300
1C=1Sexp@ 1+@ | VT=k—T=¢=.025875V
v, v, q 1.6x107"

I 0.245mA _ 422 /4

s 0.7 3.39-0.7
exp 1+
0.025875 75

There is a units error in the previous equation: Is= 0.422 fA !

T

Page 384
(a) g, = 2K, 1, (14 AV ) = \/Z(lmA/ V?)(0.25mA)[1+0.02(5)] =0.742 ms
1

Vs sorasy
r, = =
I, 250ud

8, = 2K, 1o (1+ AV, ) = \/2(1mA/ V?)(5m)[1+0.02(10)] = 3.46 mS

=220kQ | u, =g,r, =0.742mS(220kQ) = 163

Lo,
2 s s0p w10V

V=

=12kQ | u, =g,r,=346mS(12kQ)=41.5

° I, 5mA
(b) The slope of the output characteristics is zero, so A=0 and 7, = .
2.1V
For the positive change inv,, g, = Ay = 33kQ _ 13,8
Avge 0.5V
Page 385
27 2(25mA)
v, |<02(V., -V, =O.2‘/—D=O.21f—=1.00 V v,.|<0.005 V
gs ( GS TN) Kn 2OmA/V2 | ‘ be‘
Page 386
"= v 0 _gag | p=—2T 020
2 Vg +20, 20406 24/3+0.6
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Page 387

Vs — VTn) dlp Ip Im 1
I, =1 2G5 TTn D> _ D | Im___ _ = 25.8/V
p = Ipo®XP ( A B A A B A A WA /
VBE aID IC gm 1 1
Ip = Isexp (-2E - = | Mo —_— —388/W
€= sexp ( v, ) L om =g =y | v T /

S =nV;In(10) = 1.5(0.0258mV)In(10) = 89.1 mV /dec

Page 388

. \/IDSSID‘(I ‘+ Mis) \/SmA(Zmz‘él)[l‘ +0.02(5)]

=332 mS

Em

I
s sor sy

n=t 2SR | =g, - 3.32mS(27.5kQ) =91.3
Vg = VP(I— if; - —2V(1—\/% --0735V

V| <0.2(Vis = V,)=0.2(-0.735+2) = 0253 7

Page 396

B 1.5MQ
LSMQ+22MQ
Neglect A in hand calculations of the Q - point.

12V =487V | R

10 =1.5MQ2.2MQ =892 kQ

—4
4.87 =V, +120001, | 4.87=V,+ 12000(5)‘120)(1/“ -1)2

3V =5V, —187=0—V, =1981V | I,=241pu4
Vys =12-220001, 120001, =381 ¥ | Q-point: (241 ud, 3.81V)

The small-signal model appears in Fig. 7.27(c).

2(241 =
Vi =V = (Zlo’f)=o.491V | AfSE_OLZV=—24.4 | M=%=§x18_4=4
X . ul X
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_ 1.5MQ
SMQ+22MQ
Neglect A in hand calculations of the Q - point.

12V =487V | Ry, =15MQ|22MQ =892 kQ

-4
4.87=V, +120001, | 4.87=V, + 12000(5 “20 )(VGS - 1)2

32 -5V, -187=0—>V,=1981V | I,=241ud
V,s =12-220001, -12000/,, =3.81 ¥ | Q-point: (241 ud, 3.81 V)

The small - signal model appears in Fig. 13.27(c).

2(241u4) 127 K, 2x10°
Vo=V =41 20491 V €S o =244 | M= __y4
o 2x107 A 0.491V | K, 5x10™
Page 398
100(0.025V
r, = BuVr ( ) =345kQ | R =Ry, =104kQ[3.45kQ = 3.34 kQ
I, 0.725mA

680£Q2

RS = 680kQLOMQ=405kQ | Vg =
680kQ + 1 MQ

Vyp =0.405V,,

v 1.5MQ
POl 1 5 MEQ + 2.2 MQ

Vop =0.405V,, | No change. The gate voltages are the same.

Page 404
From Ex. 13.6, u, =230 and 4, =-20.3. |4|<<u,

Voo =il 1= Lo | _ip 1[92 o 500
DsS 1mA

14 P

<02(Vos - V,)=0.2(-0.5+1)=0.100 ¥ | |v,[<20.3(0.1)=2.03 ¥

SPICE Results :
A=0: Q-point=(250 ud, 475 V) | A=0.02V": Q-point=(257 ud, 4.54 V')
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Page 406

I.=245ud | V=339V | I, =24SMA(22) =249 ud

Py = IV + Iy Vy, = 245u4(3.397 ) + 2465;"4 (0.77)=0.833 mw

VeV, Vee=(Vie + 1:R:) 12-0.7-0.249mA(13kQ)
R R, - 3004Q
Py = 121/(245ud +26.9ud) = 3.26 mW

PS=VCC(1C+12) | I, = =26.9 ud

Page 407
Py = I,V =241ud(3.81V) =0.918 mW | Py =Vp(1,+ 1)

Vi 121
> R+R, 15MQ+22MQ

=324 ud | Py =12V(241ud +3.24ud) = 2.93 mW

Page 408
(a) ¥y = min[ e Re, (Vs = Vi )| = min[24504(22492),(3.39 - 0.7)1] = 2.69 ¥

Vy 1s limited by the value of V,.
(b) Vs = min] 1, R, (Vg = Vipssyr )| = min[24104(2242), (3.81-0.982)1 | =2.83 ¥

Limited by the value of V.
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CHAPTER 8

Page 427
50 = IO 1oy _q17v R, =160kQ(300kQ =104 kQ
160kQ +300kQ
Vo=V, -

Io=fly =y —te~m__ _joo LIVZOIV 5454

Ry +(B: +1)R, 104kQ+(101)(13kQ)
V. =12-220001. —130001, =12 -22000(0.245mA) - 13000(%)(0.245%) =339V
g, =401, =40(0245mA)=9.80 mS | r, = Po o 1019210

g, 9.80mS

V4V, 534V
I, 0245mA

=218kQ | w, =g,r,=2140

o

1.5MQ

BT SMQ+22MQ
Neglect A in hand calculations of the Q-point.

5x10™

12V=487V | Ry, =1.5MQ||2.2MQ= 892 kQ -

487=V, +120001, | 4.87=V, + 12000(

Jo -y

3V -5V, -187=0—>V,=1981V | I, =241 uA
Vs =12-220001, ~120001,, =381 V | Q-point: (241 uA, 3.81V)

A+ V 53.8V
= 2K I, =[2(5x107*)(2.41x10™*) =0491 mS | r = CE =223 kQ
S "P \/ ( I ) ’ I. 0.241mA
up=g,r,=110
R2a RC
R R
Q L VCC
PNP C)
12V
Rla RE
R R
N
LTSpice Circuit
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Page 428
R, =160kQ300kQ =104 kQ | R, =3.00kQ | R, =22kQ[100kQ=18.0 kQ

R, =1.5MQP2MQ=892kQ | R;=200kQ | R, =22kQ[100kQ2=18.0 kQ

R, =160kQ[300kQ =104 kQ | R, =13kQlO0KQ =115 kQ
R, =1.5MQ22MQ=892kQ | R, =12kQ[100kQ=10.7 k<

Page 431
R =2kQ | R=13kQ | R, =22kQ[I00kQ=18.0 kQ

R =2kQ | R =12kQ | R, =22kQ100kQ=18.0 kQ
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Page 442

Vo =V,
Y AL uld T | 1.=0.245mA 13kC2
C R C R C

gt 1y pt 1y rt R4
R
For large g, R,, A =_—ngL E_&=_RCH 3
1+g,R; R, R,
For AS"™ make R, and R, large and R, small. R, = 1.1(22k€2)”1.1(100k9) =19.8 kQ

R, =0.9(3kQ)=2.7 kQ | I. =0.245m4 [3kC2
£ ¢ 12.7kQ

=0.251md | g,=40(0.251mA4)=10.0 mS

v =&=%=1o.o kQ | R, =10.0kQ+101(2.7kQ) = 283 kQ
& um
come 10.0mS(19.85Q) [ 104kQ[283kQ ) .
A 1+100mS(2.7kQ) | 1kQ + 104428342 |

For AS"™" make R, and R, small and R, large. R, = 0.9(22kQ)H0.9(100kQ) =16.2 kQ

R, =1.1(3kQ)=33kQ | I.=0.245m4 13k€2
£ ¢ 13.3kQ

=0.239mA | g, =40(0.239 md)=9.56 mS

r = B, _ % =10.5kQ | R, =10.5kQ+101(3.3kQ) = 344 kQ
g .S6m
cemn 9:56mS(16.2kQ) [ 104kQ344kQ )
A 14+9.56mS(3.34kQ) | 14Q + 1044Q344kQ |

(b) Assume the collector current does not change.

r, = Bo_ 125 _1h540 | Ry =12.8kQ+126(3.0kQ) = 391 kQ
g 9.8mS

9.80mS(18kQ) 104k€2H391kQ
1+ 9.80mS|(3kQ)| 14Q + 104k9H391kQ

CE _

] =-5.73 The gain is essentially unchanged.

(¢) Vg =Vee = IR = 1,(Ry + R,) =12V - 0.275mA(22k£2 + %13/@) =234V

234V > 0.7V  Therefore the transistor is still in the active region.

g =400.275mA)=11.0 mS | r =&=—=9.09k9 | R, =9.09kQ+101(3.0kQ2) =312 kQ
m .4 g 11mS iB

11.0mS(18kQ) 104/«9”3121@
_1+11.0mS(3k€2) 1kQ+104kQH312k€2

CE

=-5.75 The gain is essentially unchanged.

Continued on the next page
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Page 442 cont.
100(2kQ)

R, =320kQ |1+
(1/@”1041@) +10.2kQ + 2k

=517 MQ | u, R, =3140(2kQ) =6.28 MQ

Re<wR, | R, =517TMQ2kQ=2194Q | R, <<uR,

limR, = lim ro(l + L) = r0(1+ ﬁoRE) =(B,+1),

RE—>oo E

Page 445
R, =10.2kQ+101(1kQ) =111 kQ

9.80mS(18kQ) 104k€2H111kQ
__1+9.80mS(1kQ) 1Q + 104 4Q1 1 142

]=—16.0 | R, =13kQ-1kQ =12 kQ.

1.38x107%(300
L= 1 exp| o 14 L] Vr=ﬂ=#=.ozss751f
v, 4 q 1.60x10™"

A4

0.245mA

0.7 3.39-0.7
exp 1+
0.025875 100

The anwer above should be 0.425 fA.

I = = 42514

A =-10V,. =-10(20)=-200 | g, =401 =40(100ud) =400 mS | R, =r, = 50 = JZOS =25 kQ
p = Yot Vo SO0V o040 | =g, = 4mS(600k) = 2400
I, 100u4

, R,|R, 150kQ|254Q

AT =g, (Re[r,) "= = =4.00mS (100260042} | =
R +R,|R, 5kQ +150kQ25kQ
Page 451
1.5MQ

o= e 12V =487V | Ry, =1.5MQ2.2MQ =892 kQ
1.5MQ+2.2MQ

Neglect A in hand calculations of the Q - point.
5x107

4.87 =V, +120001, | 4.87=V, + 12000( (Vs -1)’

W =5V, -187=0—V,=1981V | I,=241u4
Vs =12-220001, -120001, =3.81 ¥ | Q-point: (241 ud, 3.81 V)

A, =201og-4.50|=-13.1dB
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Page 452
Ry =10.2kQ+101(14Q) = 111kQ

9.80mS(1 SkQ)
1+ 9.80mS(1kQ)

s 0.503mS(18k§2) 8924Q
o 1+0.503mS(14Q) (1/@ +892kQ

(iii) R, =10.2kQ+101(13kQ) =1.32 MQ

104kQH1 11kQ
1kQ + 104k€2H111kQ

CE _

)=—16.0 | R, =13kQ-1kQ=12 kQ

)=—6.02 | R, =12kQ-1kQ=11kQ

cr__ 9.80mS(184k2) 1044Q[1.32MQ 136 | AT e R __18kQ_ | .
1+9.80mS(13kQ) | 1kQ +104kQ1.32 MQ R.+R,  13kQ
0.503mS(18kQ
AS = mS(1842) ( 892k )=—1.29 | AS e B I8R5
1+0.503mS(12kQ) | 1kQ + 8924Q R +R,  12kQ
-23
V, = %K (273K +27K)=25.861mV | I = le 2354 =0.430 /4
1.602x10™"° K Vi 0.700¥
exp| | exp|l —————
v, 0.025861V
g,R, =-9.80mS(184kQ) =176 | A" = 8RR 600 | 5.72<6.00
3kQ2
2,R, =-0.503mS(18k2) =905 | A = -fkkg =900 | 4.50<9.00

Page 458

R, =160kQ300kQ=104kQ | R, =r,(1+g,R,) =l

" 0.25mA

[1 +10mS(1 I.SkQ)] ~1.16 MQ

RorRalRs _ 0.0050 |1+ 10mS(11.5kQ)| A2 AL ¢ 507

95.4 k€2

- 0.2(1V)[1 + o.ms(m.%@]w 127V

892kQ2

v, <0005V (1+g,R,)

5|[Rs

v, =02(Vos ~ Vi (14 g RL)M

m

17 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 459
Add r, either in parallel the dependent current source or in parallel with vx.

] Uy + Uy _p W Uy 8 ( Uy )

1, = — _— 1. = _— _

Y 1, 1, +Rpy o ro -+ Ry °\ 71, +Rry
i 1 B, +1 _vx_ 7w + Ry 1 RTH 1
o=t r | Re ==l =l (- = —
vx To rn + TH Lx .Bo + .30

Page 460
Replace v, in Fig. 8.17 with a current source ir. (ro 1s also included but not in Eq. 8.68)

U v . ,
e = — % ip = Boip = — = (B + Vi | ve = —ip(rx + Ryy)
o

Vi ,BO+1) | Vx r”rn+RTH ||< RTH)_L
r17:+RTH 5= X ? :Bo+1 o :80

Page 464
2Q + 8924Q (0.491ms)R,

L= 0.971=0973 | —————1
892kQ 1+(0.491ms)R,

RJ100kQ = 73.4kQ — R, =276 kQ | Note, however, that the 12 kQ resistor

=0.973 = R, =73.4kQ

can't simply be replaced with a 276 kQ resistor because of Q - point problems.

R, =102kQ+101(13kQ) =1.32MQ | R =104kQ1.32MQ = 96.4kQ

E 9.80mS(1 3k£2) 96.4kQ
 1+9.80mS(134<Q) (21@ +96.4kQ

s 0.491mS(124kQ) 89240
 140491mS(124Q) (21@ +8924Q

vV

) =+0.972

) =+0.853

BIT: g,R, =9.80mS(11.5kQ) =113 | FET: g,R, =0.491mS(10.74kQ) = 5.25

Page 468

=119 mV

BIT: v, <0.0057(1+g,R, )~ ;6R6 - 0.00571+ 9.8mS(2kQ)](—2kQ + 13"9)

Neglecting Ry, v, <0.0057(1+g,R,) = 0.005V[1+9.8mS(2kQ)| =103 m¥
] 2kQ +12kQ
12kQ

FET: v, 0.2(Vos = Vi )(1+ £,R)) R’I;;Rﬁ = 0.2(0.982)[1 +0.491mS(2kQ =454 mV

Neglecting Ry, v, <0.2(Vos = Vi )(1+ £,R, ) = 0.2(0.982)[ 1+ 0.491mS(24Q) ] = 389 m¥’

18 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 469
100(1.73k§2)

1.73kQ2 +10.2kQ2

ﬁo th

Rh+r

=3.40 MQ

R[C =7,

=219kQ [l +

Or more approximately, R [l +g, th] 219kQ [l +9. 8mS( 73k9)] =3.93 MQ

iC

Ry =r,[1+g,R,] =223k [1+0.491(1.71kQ)| = 410 kQ

Page 473
gm R6
R, + 1 R, + . N
AVCB = ngL gm = ngL gm = ngL :
R, (1) g.R, +L1 Ry (1+ng1)+R1
R + 8m R +—
1 Em
R+—
glﬂ
AVCB - ngL R6 1 — ng R6
Ry+R, 1, 8RB 1+g,R, R, +R,
R, +R,

The voltage gains are proportional to the load resistance
A" =+8.48 (22k9) +104 | A =+4.12 (22k9) +5.02
18kQ2 18k<2

CB:A%<g R =176 | A®=Re R _18KQ 104 | g48<104<<176
R, R/|R, 173kQ

CG:AC<g R -884 | A< R _18KQ 165 411 884<105
R, R/|R, 171kQ

Roalo b gl VeV | Re_ ! ( 21, ) 2 _1

iE = S

g, 401, g, 21, Ry 401 \Vy—Vy, ) 40(1) 20

Page 481

PPN (2 R SO (2 ="

Co e \(w/L), 1402\ 4 1
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Page 482

n=0 | I,,=1, | Both transistors are in the active region since V), = V.

. 107 (2 2 107(8 2
Neglecting A : 2(1)(5 ~V,-1) = 2(1)(1/0 -1) =¥, =200V

4 _4
Keeping A : 102 (T)(s ¥, 1) [1+0.02(5-7,)] = 102(?)(1/0 1) (1+0.027,) —

V,=2.0064 V, I,,=421.39 ud—Q-point: (2.01 7, 421 ud)

21, 2(421p4) 2(421p4)
= = L —842x107%A =—————— > =421x10"%4
/A + Vs _SsovHav oo _S0VH3V
=" 1T s T Y | o2 = —oqa T 12
1
Av==—gm1<§——|hbﬂhb2HRF)==—8A2x10‘4/V(2375kQHlZ&SkQH1259kQ|Uﬂ%ﬂ)=:—192
m2

~ 9m1 _ — B4z _ W/L, 8/1
Note Eq.8.100: Forn = 0,4, T2z =2.00 or A, = /W/Lz ’2/1

Page 483

I,, =1, | Both transistors are in the active region since Vg = V.

K =10 @ = 2x10’3i K =4x10"° 50 2x10’3i The transistors are symmetrical.
g 1 V? 1 & Y

-4
= 3V ey g, 10 (20)(1 65-0.7) [1+0.02(1.65)] = 932
2 2 |1
Q- point : (1.65 Vv, 932 MA)
21 2(932u4) 2(932uA)
=P = T 1.97x1073A4/V = =1.97x10734/V
Im Ves = Vrn | g 1.65 - 0.7 X V1 gme 3.3—-1.65—-1 x /
1/ + Vps 50V + 1.65V
To = I | 701 =702 = 9324 =554k | Ay=—(gmz + gmz)(r01||T02||RF)

A, = —3.94x1073 /V(55.4k0||55.4k2||560kN) = —3.94(26.4) = —104
(Compare this to the gain of the circuit in Fig. 8.30 on page 480!!)

Page 485
Since we need high gain, the emitter should be bypassed, and R°" =
I B, 100

C_4m}E4WﬂMﬁﬂ=SMA

. =2504Q.

If we choose R, =7,

R =— . =——=125
|1 ) uA
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Page 489

Common — Emitter :
1
2.71(250Hz)(1k§2 + 77.91@)

1

C >>

=8.07nF | Choose C, =82 nF =0.082 uF

C, >> =6.13nF | Choose C, =68 nF =0.068 uF

275(250Hz)(21 9kQ + 82k€2)
1

G, >>

2n(250Hz) 10kQ

3kQ + !
9.80mS

Common - Source :
1
2:1(250Hz)(1k§2 + 892kQ)

1

C >>

2n(250Hz)(21.5kQ + 82kQ)
1

=713pF | Choose C, = 8200 pF

=0.269uF | Choose C, =2.7 uF

C, >> =6.15nF | Choose C, =68 nF =0.068 ufF’

C, >> =0.221uF | Choose C; =2.2 uF
2n(250Hz) 10kQ (21@ ¥ )
0.491mS

Page 491

Common - Collector :

C > ! ~6.60nF | Choose C, =68 nF =0.068 uF
2n(250Hz)(1kQ + 95.5k9)

C, >> ! =7.75nF | Choose C, =82 nF =0.082 uF
2n(250Hz)(12OQ + 82kQ)

Common - Drain :

C >> ! =713pF | Choose C, =8200 pF
2ﬂ(250Hz)(1kQ + 892k€2)

C, >> ! ~7.60nF | Choose C, =82 nF =0.082 uF

2n(250Hz)(1.74kQ + 82k€2)

21
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Page 495
Common - Base:
1
271 (250 Hz ) (1kQ+0.1kQ)
1

C, >> =6.13nF | Choose C, =0.068 uF
271 (250 Hz)(21.9kQ + 82kQ)

C >

=0.579uF | Choose C, =6.8 uF

C,>> |
" 2w (250Hz)(160k2300k2][ 102k + 101 13k 1k<2)

Common - Gate:

=122nF | Choose C,=0.12 uF

1

27 (250Hz ) (1kQ+1.74kQ)
C,>> ! =6.19nF | Choose C, =0.068 uF
27 (250Hz)(20.9kQ +82kQ)

1
27(250Hz)(1.5MQ2.2M Q)

C >>

=0.232uF | Choose C, =22 uF

3 >>

=714pF | Choose C, =8200 pF

Page 496
(a) Common - Source :

1

2kQ + T
0.491mS

(b) Common - Collector :

N 1
2n(2000Hz)(120€2 + IOOkQ)

(c) Common - Gate :

1

C >> =42.6nF Choose C, =0.042
! Zn(IOOOHz)(ZkQ + 1.74k§2) | ! uk

C, =

=553nF | Choose C, =0.056 uF
Zn(IOOOHz){IOkQ

G >

=795pF | Choose C, =820 pF
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Page 500

20V =V o + 36001, | 20="V, + + 36002920 020(

Vis =1.5) = Vs =2203 ¥ | I,=4.94 mA
Vs =5-(-Vos)=7207 | Q-point: (4.94mA, 7.20V) | R, =R, =22 MQ

o g R | 2(4.94m4)

w=T—————=142mS | R, =3600Q(3000Q=1630Q | 4™ =0.959
l+g R, (2:20-1.50)

RSP = 3.6kQ

out

—=3. 6kQH

=69.1Q | v, =0.2(220-1.50)[1+0.0142(1630)| = 3.38 ¥
gm

0.0142

1
+V ——+5+221
_A " _0015

I, 0.005

=148 kQ | R, =3600Q]3000Q14.8kQ =1470 Q | A" =0.954

Page 501
2(4.94mA
&l g, = Q_mzms | Ry=3600Q | A =0.981 | R =R, =22MQ
1+g R (2:20- 150)V
3000Q
P-4 =0.959
Rl A 69.1Q + 30009
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Page 504

Reverse the direction of the arrow on the emitter of the transistor as well
as the values of V; and V.

1 1

40(331uA)

27500 1 A% =~ P12 (135,6)(7.584Q) = 50.1

RG _ R _
75Q+75.1Q

in E

=13kQ

m

Forvg, =0, werequire v 20. V. =5-I.R. =229V ..|v|=229V
v, =5mV(g,R,)=5mV(13.2mS)(7580L)=0.500 V

R, =75Q[1+40(7.5-0.7)]=20.5 kQ (a standard 1% value) | I, = 08V
- €7 20.5kQ

=332 uA

50 = 40(332uA)RL 757—575 — R, =7.53kQ— R. =8.14 kQ — 8.06 k<2 (a standard 1% value)
+

V,e=07+75-I.R. =552V

Page 505
1 1
- = =482 kH:
5 27(R,+R,)C,  2m(75Q+75.1Q)(0.022uF) ¢
f ! ! =44.6 kHz

“27(R,+R,,)C, 27(100kQ+8.2kQ)(33pF)
We have two almost identical poles and can estimate f, by applying the bandwidth shrinkage factor

(48.2+44.6)
2

from Table 14.13 to the mean of the two frequencies: f, =1.55 kHz =72 kHz

50 +50

Using the design value: f; =1 .55( )kHz =77.5 kHz

max _ 5(1.05)-0.7V
5% tolerances /- = Ve Rmi?jV = (13k£2)(0 95) =368u4
o .

P = VRt = I RE™ = 517(0.95) - 368uA(8.24Q)(1.05) = 1.58 ¥ | 1.58 =0, so active region is ok.

max _ 5(1.1)-0.7V
10% tolerances /™ = Vi Rmi?jV = 53 ) (0 9) =410u4

Vo =Vt = 1T RE™ = 57(0.90) - 410u4(8.2kQ)(1.1) = 0.802 ¥ | 0.80220, so active region is ok.

R¢® 75
V, =y, ——n___ =v,——(13.2mS)(8200Q) = 54.1v. R, =R®=82iQ
th i 759+R§1BngC i 7SQ+75( )( ) i ‘ th out
A0 LYo va 00K g, 100K2 4,
v, v, R, +100kQ 8.2kQ + 100kQ
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Page 510

1 1
- - =482 kH:
=5 (R +R)C, ~ 27(75924752)(0.0224F) :
1 1
- = =39.8 kH.
2 27 (R, +R,,)C, 2x(100kQ+100kQ)(20pF) -
1 1

f. =49 4 kHz

“2a(R1/g,)C,  2x(9.1kQ]5002)(0.0068uF)
We have three almost identical poles and can estimate f, by applying the bandwidth shrinkage factor

from Table 14.13 to the mean of the three frequencies: f, =1.95 48.2+39.8+ 49'4)kHz =89 kHz
roer = L _ ! =333 kQ
M, 0015(2x107)
or more exactly Vs =25-10"1,-9.1x10°1, =25-1.09x10°(0.2mA)=3.18 V
Lov, L i3
r=h 0015 _34940Q | R, =100kQ100kQ[349k2 = 43.7 kQ
I, 2x10°
4 2(0.2mA
AVCS = _(ngL) R’” = ( - )(43 7k9)( 75Q ) = _437
R, +R, 0.2V 75Q+75Q
0.01 2
1, =T(O'25) =03125mA | V-V, =025V | V,=025-2=-175V
_ 50(0.25V
R, = Vos . LTV _ 56010561 | R, =2i=g=40 kQ | R,|[100kQ =40 kQ
I, 03125mA g, 03125mA

R, =66.7k€Q2— 68 kQ | C, remains unchanged.
1
10° 7 (68kL2 +100kQ)

1

C,>> =1.90pF — Choose C, =20 pF

C,>> ] =0.853nF — Choose C, =8200 pF
10°7 5.6kQH
2.5mS

L, R _, 5@
"75Q+ RC B =N 50 750
A6 VYo Y 100kQ | 100kQ
Vi

v, R, +100kQ  100kQ+100kQ

Vin = out

2mS)(100kQ) =100v, | R, = R =100 kQ
(2mS)(100kQ) =100y, | R,

XovTtivued ov Tne velt maye ...
25 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
06/15/22



(©) Vun = Vimzo e (2mS) (100kQ[100k2) =50.0 | Ry = 100k0[|100k2 = 50k

100k

ACG —
v >0 50k + 100k

= 33.3

Page 512

K 2 0.01
M, : ID=7”(VGS_V7W) | Vos ==Rglp | Ip=

(<2001, +2)" = 1, =5.00 m4
Vs =15-5mA(820Q)=10.9

1+ AV 1+0.02(10.9)
A, 0.02(5md)

g, =2K, I, = \/2(0.01)(0.005) =100mS | r = =122 kQ

22kQ

0,1 Vy= ST 78/{9(151/) =330V | Ry= 22kQH78kQ =172 kQ

I. =150 (3.30 — 0.6) =157mA | V., =15—1.57 A(4 7k0 + 151 1 6k[2) = 5.09V
¢ = B0 v sitekny o ™A | Ver = P maE 150 )T

1 __ 80+5.09

gm = (1.57mA)40/V = 62.8mS | 1, = % =239KkQ | 7, =22 =542 k)
120kQ

0,1 Vi =m(15V)=8.53 V| Ry =120kQ014kQ =518 kQ

I, =80 (853 0.6V _ 1.99mA | Vg =15-1.99 A(8133kﬂ) =835V

c =80 v eiGakn 0™ | Ve = IIMANgo ) T e

g = (1.96mAY40/V =784mS | 1, =—"— =239k | 1, =222 = 34.4 k)

A typical op-amp gain is at least 10,000 which exceeds the amplification factor of
a single transistor.

Page 515

R, =478Q)122kQ=460 Q | R,,=3.53kQ542kQ=331kQ | R,,=232Q|34.4kQ=230Q
79.6mS(2302 1MO

A4, =-10mS(460Q)(-62.8mS)(3.31kQ) - 79'6mg (23022) (10k§2 " lMQ) =898

20 log(898) = 59.1 dB

4 = (-ﬁ)(-lo%)(l) = -?(-10)(15)(1) = 2250

A, =-10mS(2.39kQ)(-62.8mS )(19.8kL2)(0.95)(0.99) = 28000
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Page 519
R, =3300

out

( ] 3990) =559 Q

—_— +
0.0796S  90.1

Note that the answers are obtained directly from SPICE.

Page 520

Ay =g, R,y ==[2(0.01)(0.001)(3k17.2k[2.39kQ2) = 5.52

A, =-5.52(-222)(3.31%k2)(0.95)(0.99) = 1150

Page 523
(a) Vp1 = 15V — 620Q(5mA) =119V | V., = 15V —4.7kQ(1.57mA) = 7.62V
V. =15V 22k0 = 3.3V R = (22kQ||78kQ) = 17.1kQ
TH2 = 22kQ + 78k | Rruz = I o
1.57mA
Vg, = 3.3V — (17.16kQ) = 3.12V
150
V. =15V 120k0) = 8.53V R = (120kQ||91kQ) = 51.75kQ
TH3 ™ 91kQ + 120kQ ~ | Rrus = I T
99mA
| Vg3 =853V — 30 (51.75kQ0) = 7.24V
1.57mA
(b) 3.1V =15V — R, <5mA + 150 ) - Rp = 2.37k0 - 2.4k}
1.99mA
7.2V =15V — R, (1.57mA + ) - Rey = 4.89k0) - 5.1k or 4.7 k)
Page 525
(W (W
ki (), 2 ki (T), 2
(a) Iggr = T(Vas —Vrn)? | Ipy = 3 Ves — Vrn)
W w
IDZ _ (T)Z or I _ I (T)z
IREF - (w) D2 — 'REF (w)
L4 LJ4
VsE Vee
(b) Iggr =I¢1 = Is1exp <_) | Ip = Iz = Iszexp <_)
Vr Vr
do I o, I2_ . Ap
Iggr sy 0 REF Iy REF Apq
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CHAPTER 9

Page 547
1 1
" g\/102 +1000° -2(50) -2(0)" =159 Hz | f, = %\/1002 +1000° ~2(500)" ~2(0)" =114 Hz

Page 548
_200s_ |99 | 200s(s +100) | | 120.9—“{’2“““)()2%0.815%%@ > 205 rad/s
(5+1000) ‘(s+10)(s+1000)‘ Vo? +10? w” +100
Page 549

6
£ =0 159 kH:

2

Page 550

1 1

=21.7 kHz

Ju=7—
27T 2 2 2 2
i) o) o] 1)
10° 5x10° 2x10° o0

As s approaches 0, Au(s) =100 or 20 log(100) =40 dB

Page 553
RI
% RG ? > RD + R3
LTspice Schematic
Rg Vo Rg
Vys =V ——— V, = —gmVyss(Rp||R Agyy = —=— Rp||R3) + ———
gs 1R1+RG | 0 Im gs( D” 3) | dm vgs gm( D” 3) R1+RG
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Page 555
The value of C; does not change A, s

1 =-1000 rad/s | w,,= S S -385 rad/s

2uF (1.3kQ)

Wy, Wpy, W,1, OF W, .

Wp3 =—

2uF|13kQ
1.23mS

f, = 2i\/41.02 +95.97 +1000 -2(0 +0° +385%) =135 Hz
JU

B3 4732

Ay =107 =4732 | 43kQ100kQ|r, — 7, =57.5kQ

1.23mS °
Note that the SPICE value of g probably differs from 1.23 mS as well.

1

- =-96.2 rad/s
O.luF(4.3kQ||57.5kQ + 100k§2)

Wp, =

1 =2i\/41.02 +96.2° +202° -2(0° +0%+76.9%) =31.8 Hz
JT

Page 558
140(0.025V
r= % =200 kQ | RC, = (1kQ+75kQ20.0kQ)2uF =33.6 ms | R, =75kQ1kQ =987 Q
u
R,,C, =(43kQ+100kQ)0.1uF =143 ms | R,C, = (131(9!!20'0"?4’1 BT | 0uF =147 ms
Lsi( ! + ! + ! )=124Hz
2x\33.6ms 147ms 14.3ms
Page 560
A = -Rf"(ﬁORL) = _(1260)( 100 )(4.3leOOkQ) --157
R +R,\r, 2260 \1.514Q
- -Rf"(ﬁu RL) = _(1260)( 100 )(4.3k€2100k£246.8k£2) = -140
R +R,\r, 2260 \1.514Q

r, is responsible for most of the discrepancy. r, and §, will also be differ from our hand calculations.

Note that 45% of the gain is lost because of the amplifier's low input resistance.

2(1.5m4)
8u=—ggy —600mS | RC - (1kQ +243kQ)0. 1uF =24.4 ms
R,(C, = (4.3kQ+100kQ)0.1uF =104 ms | RysCy =|1.3kQ L liour =148 ms
W 6.00mS

=L 1 . 1 . 1
2w\ 24.4ms  1.48ms  10.4ms

1 )=129 Hz
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Page 562
1

00mS

g, =40(0.1mA)=4.00 mS | R,C, = (1009 + 43kQH )4.7MF =1.64 ms

RysC, = (22kQ+ T5kQ)1uF = 97.0 ms | LEL( LR )=98.7 Hz
2x\1.64ms 97.0ms

4392509
" 1009 +43kQ[250Q

(4.00mS)(22kQ|75kR2) = 48.5

2(1.5mA
gm=w=6.00 mS | R,C, = IOOQ+1.3kQH L iuF =0248 ms
0.5V 6.00mS
(1 1
R,C, = (43kQ+75kQ)0.1uF =793 ms | f, =— 4 — 662 Hz
25Ca = )0-1u Ji 2n(0.248ms 7.93ms)
Page 563

g, =40(1mA) =400 mS | r, =2 _ 50 kg
045

RC, = (le +100kQ[2.5k€2+ 101(3k£2||47k§2)])0.1uF =7.52 ms

|25k + (100K 1K) (1 1
R,C, =| 47kQ+3kQ 100uF =4.70s | f, s_( +_)=21.2 Hz
101 2a\7.52ms 4.7s
_ (B*DR, R\ 101(3kQ[474kQ) ( 100kQ )= 0978
"R, 41 +(B,+1)R,\ R +R, 990Q+2.5kQ +101(3kQ[47kQ) \ 1kQ +100kQ '

Page 564
RC, = (1kQ+243kQ)0.1MF =244 ms | R,C, = (24k9+1.3k§2”%)47yF =1.15s
m

1

= 1 N 1
2mx\244ms 1.15s

- R, 8RR _ +(243k§2)
R, +R;/1+g,R, 244kQ

) =6.66 Hz

1mS (1.3kQ[[24kQ)
1+1mS (1.3kQ[24kQ)

=+0.550

30 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
06/15/22



Page 568

C,
C,=2n-C, C,=
wr / L
40(10-4) N
(100 uA, 8 V): =0551pF | C,=—— L __0551x10"2=0.722 pF
/ 73v 271 (500 MHz)
T o6V
40(2x107) s
(2 mA, 5V): =0700pF | C,=————2__0700x10"% =248 pF
/ 43v 277 (500 MHz)
Y06V
40(5x107) N
(50 mA, 8 V): L -0551pF | C,=———1__0.551x107"% =636 pF
7 3v 27 (500 MHz)
Page 571
1
CGS=CGD=5CISS=O'5 pF
C.+C.,=8n | 5¢ 4+C 2(0.01)(0.01) 113pF | C.. =188pF | C..=938pF
-+ =2m + = = . =]. =Y.
GS GD , GD GD 271’(2OOMHz) p GD p GS p
C 40(20uA
Comte o 2PF _gs51pF | C =8 ﬂ=M—o.551pF=—o.296pF
V., 73V w, 27 (500 MHz)
1+ I+ ——
@) 0.6V
Page 573
A =- B g | R =7.5kQ|(1.51kQ + 250Q) = 1.43kQ
L in
R, +R v+,
(1430} 100 (4.3/«9”1001@)?139
2430 \ 1.76kQ

AV=-L(@RL)E (1260)( 100 )(4.3k§2H100k§2)=—157
R +R,\7, 2260 )\ 1.51Q
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Page 583

The term C, R is added to the value of C;.
I

O

CL&=3pF(@)=18.8pF | £, = ! =139 MHz
r 656 271(656Q)(156 +18.8) pF
foe8n 0045 o
27(C,+C,) 2m(199+3)pF
0064 g 94 pF
27(500MHz)
CT=19.4+1[1+0.O64(4120)+4120]=29OpF | £, = 1 =837 kHz
656 271(6569)290 pF
£y = —8m 00685 _ sosmmz 1 f,=—8n - 00045 145 G

“27C,  2x(19.4pF)
A, ., =-135 is not affected by the value of f;.

22C, 27 (1pF)

A=s’ [Cﬂ (CM + CL) + CMCL] + s[C”gL +C, (8 +8r0+8.)+ CLgﬂ0]+ 2,80

C,=199pF C,=05pF C =3pF r1,=656Q R =412kQ g, =640mS

C,=0: 995x10™s*+3.77x10*5+3.700x10" =0

MATLAB: roots([9.950E-24 3.771E-14 3.700E-7])— -3.7801x10°rad/s , -9.8373x10°rad/s
C,=3pF: 995x107's* +3.77x107*5+3.700x107" = 0

MATLAB: roots([7.115E-23 4.240E-14 3.700E-7])— -5.8707x10°rad/s , -8.8581x10°rad/s

(a) C,=10+2 [1+1.23mS(4.12k§2)+4120]=30.4pF | £, = ! = 5.26 MHz
996 277(996Q)30.4 pF
fpy =—Lm L23mS 196 mpz 1 f, = 8o 12MS o7 9 pp

27C,,  2m(10pF)
8 1.23mS

" 27C,, 2m(2pF)

- - =16.3 MH
Ji 27(Cys+Cp,)  2m(12pF) :
4120 1
b) C,=10+2 [1+1.23mS(4.12kQ)+——|=285pF | f,, = =431 MH.
() €;=10+2 |1+1.23mS( )+1296] PE N Jn 27 (1296Q)28.5pF :
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Page 591
1+g,R, =1+0.064(100) =7.40 | R, =250+1560+101(100)=11.9 kQ

IOkQH30kQH1 1.9kQ

rpo =11.9k0)(882+250)=1030 @ | 4= =0.821
1KQ + 10k 3041 1.9kQ
A= —0.821(27%) =293 | f,= ! = 6.70 MHz
' 2%(1.03k€2) M+O.5pF 1+@+@
74 1030
GBW =29.3(6.70 MHz) = 196 MHz
Page 592
/ 3.96mS (17.0kQ
Amidgﬂ I g, = P _ 100 =396mS | A, = mS( ) =+48.2
40(0.1mA)
f, = ! =18.7 MHz | GBW =903 MHz
27 (17.0kQ)(0.5pF)
Page 593
R, =R, - 1.3kQHL 265 Q
& 3mS
1
A =0726(g R,)=0.726(3mS)(4.12kQ)=8.98 | f, = =9.66 MH;z
(8.R.) (3mS)( ) T (@ 12k2) (4 pF)
GBW =867 MHz | f, = _3mS 434 MH;
27 (11pF)
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Page 595
100 60.0mS

8 =40(1.5mA) =600 mS 1, =—-==167kQ C, =m—o5ﬂ7 =18.6 pF

Using Eq. (17.138): o, = !
{(990Q+150Q)|[1.67kQ+101(2.82kQ)}| 0.5pF + o 60'(1)121;’5 1)

oo 1 g SR

_ 100kQ|[150Q+1.67kQ+101(2.82kQ)]
" 1kQ+100kQ[150Q +1.67kQ +101(2.824kQ)]

=09867 | A = 0.9867(0.9941) =0.981

a) R, =13kQ|24kQ=1.23kQ2 | A, =0.998 3mS(1.23kQ) =0.785
( ) L || mid

1+3mS (1.23kQ)

£ et ! ~50.9 MHz

27 (1kQ430kQ)  1pF + 2LE
1+

(b) f, =t ! —40.7 MHz

27 (2509 +1kQ[[430kQ)| 1 pF + 10pF
1+3
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Page 599 This exercise should refer to Fig. 9.46(c).

In this case, Cx is not specified as it is negligible relative to the C.gmRr terms. We find fz and fp using the SCTC and
OCTC time constant methods. Note: Gm =g, and Rg = 2Rgg

SCTC: vy = iyt + (iy + gmixt)RL | l— =1 +R 1+ gnr) =r+R,

X

Note that the BJT is now connected as a diode in the left-hand figure, but not the right!

Uy
OCTC vx —_— le‘x + lxRL - = Tx + RL + RL

_Tx+RL

Uy 1
SCTC: vy = by [2Reell (- +mlRL)] 1 =
gm lx m
0CTC: v = iy |2R ||(—)] | e L
BRGE Im e Im

Continued on next page
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1 1

SCTC: w; = | fz = = 6.06 MHz
C,(r, + R,) + 0.5C5s (gi + Tx) 2m(0.5pF)[500 + 50k + 2k]Q
m
OCTC = ! + ! = ! = ! =318 MH
P T T ¥R Cpp/20m  Cap/20m | fr = 2ntio00m0spF z
It would be good practice to directly derive the four SCTC and OCTC terms!
Page 600
Differential Pair : 4, = -g,R. = -40(99.0u4)(50kQ) = -198
40(99.0
: =M—O.5pF=O.761pF o0 55340
27(500 MHz) 40(99.0u4)
Ju= ! =3.18 MHz

275(2509)

5042
0.761pf +0.5pF|1+198 +
7 +05p ( 2509)

1
gml( )
CC-CB Cascade: 4, = _ \8m)_

198
( ] )(ngC)=+2=+99.o
1+gm1 T
ng
= ! = 6.37 MH
In = 2 Gokm 0spp) ~ & z
Page 601
100 64.0mS
= 40(1.6mA) = 64.0 mS =——=156kQ | C,=———""——0.5pF=19.9 pF
& = 40(1 6m4) mS e s & 2a(500mrz) " P
r 1.56 kQ2
L =—1  (-g R)= ~64.0mS)(4.12kQ) = -153
i R1+rx+rﬂ( &)= s+ 2500 136 ka0 )
1 1
= - =11.6 MH:
T 27 7,(C, +2C,) 27 (656Q)(19.9 +1) pF -
1 1
= = = 7.02 MH:
Ir: 2aR,(C,+C,) 27(4120Q)(0.5+5)pF :
Page 602
0.02(100 0.02(25
fm— ( “A)=159kHz | e ( “A)=39.8kHz
47 Coepla 47 (lpF) 4r Cooply 4T (lpF)
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Page 610
1

X, = =7.69 MQ >>2.39 kQ
27(530Hz)39 pF

X = ! =300 MQ | 51.8k£2”19.8k§2=14.3 kQ | 300 MQ>>14.3 kQ

© 2m(530Hz)1pF

X, = ! =239 Q<<1.01MQ | X,= 1 =5.08 mQ << 66.7 Q

' 2m(667kHz)0.01uF  27(667kHz)4TuF

X, = ! =239 mQ << 2.69 kQ

2(667kHz ) luF

Page 615
1

Z - __j318Q
¢~ 27 j(SMHZ)0OIuF

1 50V +15V -1.6V

f,= =459 MHz | 1, =19.8 kQ
27,/(10uH ) (100 pF +20 pF) 3.2mA
100kQ[[100£Q|r, 4.59MHz

= =492 | BW=—"—"==933kHz
271(4.59 MHz)(10uH ) 492

Ay =8, (100kQ[100kQ]r, ) = -,/2(0.005)(0.0032) (100kL100kL19.8kQ) = -80.2

_ 50V +10V-1.6V 100kQ|[100kL|r,

is unchanged | r =183kQ | Q= =464
. & ’ 3.2mA ¢ 271(4.59 MHz)(10uH )
do=4.59 MH,
Page 621
2
R I’R 5x107cm) 75Q
Li=—"2 = B - ( ) =1.88x10° H

o 1, (Vos = Vi) (400cm?/¥ - s)(0.257')

Page 623
fose =100MHz+10.7MHz =110.7 MHz  f,, =100MHz+110.7MHz =210.7 MHz

(a) f,. =1047MHz=10.7MHz — 94.0 MHz or 1154 MHz
(b) f,. =88.1MHz+10.7MHz —> 774 MHz or 98.8 MHz
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Page 624

Ag=tA_ Ly 201og(l) = -9.94 dB
Am T

Page 627
_124 2

A = = 2010g(2) =-392 dB
Anrn & T

Page 6.28

From Fig. 9.81(a), the amplitude of the output signal is approximately 70 mV, so the conversion gain is
approximately:

1 200mV) 1.4 1.4
= 0.7 =— 20logl — |=-7.02 dB
Aca IOOmV( )( T ) T | g( T )

From Fig. 9.81(b), the spectral components at 46 and 54 kHz have amplitudes of approximately 45 mV,

so the conversion gain is:

_ 45mV
100mV

=045 | 20log(0.45)=-6.93dB | Note: 14 _0.446

JU

Acs

Page 630

fo=f,=20-001=1999 MHz | f.+f, =20+0.01=20.01 MHz
3f.—f =60-001=5999 MHz | 3f.+f, =60+001=60.01 MHz

m

5f.—f,=100-0.01=99.99 MHz | 5f.+f, =100+0.01=100.01 MH

Ap, = Ay, = 3V
A
fefu _
Aspoag, = Aspg, = 3 =1V
A
Se~fu _
Aspoay, = Aspoes, = 5 06V
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