Microelectronic Circuit Design
Fifth Edition - Part I11

Solutions to Exercises
Updated - 07/20/15

CHAPTER 10

Page 522
(a) A, =|A,]|A|=4x10*(2.75x10%) = 1.10x10"
V., 253V ;
b) V,=2PR, = J2(20W)(16Q) =253V | A =—2="""""__506x10°
( ) o \/ o™ 'L \/ ( )( ) 4 V 0.005 X
=£=ﬂ=1.58Alli= Vi 000V =O.167yAIAi=I—O=ﬂ=9.48x106

R, 16 Ry+R, 10kQ+20kQ I 0.167uA

a,=-5 25,3V (1.584) =4.79x10" | Checking:A, =(5.06x10%)(9.48x10°) = 4.80x10"
P, 0.005V(0.167uA) ’

A =2010g(5060) = 74.1 dB | A, =2010g(9.48x10°) =140 dB | A, =10log(4.80x10") =107 dB

A =20log(4x10*)=92.0 dB | A, =2010og(2.75x10°) =169 dB | A, =10log(1.10x10"*) =130 dB

Page 529
1
G =g, = =0262 uS | A=g, =0.262uS(76)(50kQ) = 0.995
= 811 20kQ+76(50kQ) us | & w ( )( )
-1
R, =8,= L, L, Pl oea | gy =-22=- 2622 _ 0131
50kQ  20kQ  20kQ (201@) (zom)
R,= =382MQ | A=g,=0995 | R, = =-262Q
&n 8
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Page 530
R,=0—[ =011 =0—A =

A =AA=A AVR’+R"" A R, +R,
RL RL

R R
V,=2PR, = [2(100W)(8Q) =40 V | V,=AV,| o L
’ = 2(100W)(8e) ’ '(R,+Rm)(R +RL)

out

14 (R, +R, )(Rom +RL)_ 40V (5k§2+50k§2)(0.59+89

A=_0 =
v R, R, 0001V 50kQ 8Q

1

)= 4.68x10*

2 2
A, =20log(4.68x10*) =934 dB | P=I—”R = 40—V @=6.25 w
db 2 out 89 2

A==2==(R+R,)= SV

5kQ+50kQ) = 2.75x10°
Vv

A;,=201og(2.75x10°) =169 dB

S 0001V SkQ 8Q

2 2
P=%”R0m=(4ov) %:100 WilA=—Y

4=V (5k9+5k9)(89+89)=1.6x105 | Ay =2010g(1.6x10°) =104 dB

8Q2

” (5kQ+5kQ) =5x10" (154 dB)

Page 535
(a) The constant slope region spanning a maximum input range is between -0.5 V=v, <157V,

1.5+(-0.5)

and the bias voltage ¥}, should be centered in this range: V}, = V=+05V.

Vp=Vp+vy | -05V=05V+v,—=v,=-1V and 0.5V +v,<1.5—v,<+1V
n=1Vsvys+lV or v,|<1V and |y|<10V

vD

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

vo =10(v;, =0.57) =10(=0.5+0.25+0.75sin 1000t ) = (-2.5 + 7.5sin 1000 ) V | ¥V, =-2.5V
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Page 540

v, =%=0.100V=100 mV | v, = 0,001 ¥ =1.00 mV

0*

10/ ]
V= g =1.00x107V =10.0 uV

Page 542

A== SO0KR _ 509 v, ==5.29(0.5V)=-2.65 V
68kQ

0.5V
= — =735 | =i =—i =-735
ll 68‘9 Au‘A | lo 12 ll Au‘A

Page 544
2y
" 4T7kQ
24kQ

4== o o=-51 Vy==-5.11021)=-102V

4264 | L=1,=426ud | I, =-I,=-426 A

Page 546

A =-R=——2—02MQ | R =200#Q

25u4
v, = =Ry, ==2x10°(5x10"" sin 20007t ) = ~10sin 20007 ¥

Page 548

36kC2

A=1+0 2=4190 | v, =19.0(-020)=-380 V| =380V

-0 00
"= 36k + 240 ud

A =1+ % =+40.0 | A, =2010g(40.0)=32.0dB | R, =100kQ|e =100kQ
v, =40.0(0.25) =100V | i,= 10OV 550 ma
39kQ + 1kQ
2 R R v 10
A4,=100 =501 1+-2=501 -2=500 i =—2 <0.1 mA
R R R+R R+R

R+ R, =100kQ 501R =100kQ2 — R =200 Q There are many possibilities.
(R =200 Q, R, =100 £Q), but (R =220 Q, R, =110 £Q) is a better solution since

resistor tolerances could cause i, to exceed 0.1 mA in the first case.

3 ©R. C. Jaeger and T. N. Blalock
07/20/15



Page 551

. . 30kQ
Inverting Amplifier: 4 =—-——=-20.0 R =R =1.5kQ
g p Av ISkQ | in 1
v, =-20.0(0.157)=-3.00 ¥ | i, _ Yo 23O 00
R, 30kQ
Non - Inverting Amplifier: 4 =1+ 30k8 =+21.0 | R, _u OV e
1.5kQ i 04
v, =21.0(0.15V)=3.15V | i Yo 3.157 =100 ud

" R+R  30kQ+1.5kQ

Add resistor R, in parallel with the op amp input as in the schemeatic on page 560 with R, =2 kQ.

Page 552

oo 3B ey | v —ar] 2R e v, = (~6sin1000t - 6sin 20007 ) ¥
14Q 24Q

£=R1=1k9 | Rm2=‘f_2=R2=2kQ

b L

The summing junction is a virtual ground: R, =

I, = Vo 2 oa | I,= Vo .2V _ o | i, = (~2sin10007 - 25in 20007 ) mA
R, 3kQ R,
Page 555
Since i, =0, I, = S 273 uA
10kQ +100kQ
_100kQ V-V _V, -V,

=-100 | V,=-10(3V-5V)=+200V | I,

T TI0kQ 100kQ  100kQ
oy B s 100K sy
R.+R,  10kQ+100kQ
22002458 issua 1 -—Y 4554
100kQ 10k +100kQ
4, =-%2_ 180 1 v, =-18(8v-825v)=450v | 1,=Yo V- YoV,
2%Q 36kQ | 36kQ
voov,— R _gos 30K _ggi6y g g 23027816 g1
R+R, 2kQ+36kQ 36kQ
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Page 558

2% 10° —400 50007
s)=- = — A4 =-400 - =2.50 kHz
AV( ) s+50000 | s mid T 2
50007

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

Page 559
1 1
fy=— =804 kHz
" 27 (16[100kQ) (200 pF)
Page 561
250 2507
AV(S)=W | Ao=250 ‘ fL=7=125HZ | fH=OO ’ BW =0-125=w
1+
s
Page 562
1. ! ! =158 Hz

27 (152100kQ)(0.1uF)
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Page 564
A,(j1)=50

-1+4 150 .
G2 iep | AU (1) +(2)

A5 =2010g(67.08)=36.5dB | £A,(j1)=2(50)+£(3)- tan'l[ﬂ =0+0-63.4°=-63.4°

25+4 1050
~25+2+ /10 23— 10

| \4(j5)\=\/ 1050 _ 4187

ALR)=30 (-23)" + (10)

A5 =201log(41.87)=32.4dB | £A,(j5)=2£(1050)+—tan™'

1703} =0-(-23.5")=+23.5°

| |4,(j0.95)| 20 ~14.3

14 10‘1‘”2 \/12 . (0.1 (0.95°)

(1- 0.952)2

Av(ja)) =

0.1(0.95) = 0-(44.3") = -44.3°

95°

£4,(j0.95)= 220~ tanl[

20

4.(71)|= \/lz + 0 ()

12

0.1(1
0 | LAV(j1)=420—tanl[l ()}=0-(900)=-90.00

' 20 ‘ ~10.1(1.1 ) .
L@QLQF —— 177 | AALAJ)=4ﬂ»¢mﬂ[Lﬁ14=o-(476)=an6
12+( ) ) ( ) )
(1-1.2)
. —~400
Q)Axg=( 'WOK - ) | A4,=400 or 52 dB
1+ 1+
s 50000
100 50000

f,=—=159Hz | f,=——=796kHz | BW =7960-159="7.94 kHz
27 21
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Page 565

2x107s ) -400

S

100
+
s

AV(S) =- (S + 10())(5 + 50000) (1

[

+
50000)

LAV(jw) _-180+90° — tan”' |2 | — tan'[—2—| = 90" — tan"[ 190 | _ tan1| 120
100 50000 100 50000

£4,(j0)==-90-0-0=-90°

100 100

£4,(j100) =-90° - tan"l(—) - tan'l(—

100 50000

50000
100

)=—90—45—0.57 =-136°

50000
50000

£.4,(j50000) = -90° - tan"l(—) - tan‘l(—) =-90-89.9-45=-225°

LA,(jo) ==90-90-90 = -270°
Page 568
R 26
A, =_EZ =-10%=-200 | R =R, =10£kQ
1
R, =20R =2004kQ | C= 1 =265 pF
271(3kHz)(200kQ)
Closest values: R =104kQ | R,=2004Q | C=270pF
Page 570
R 20
A =-—2=-10=-100 | R =R, =18 kQ

1

1 1

R,=10R =180kQ | C=

=1.77 nF =1770 pF

w, R, 27 (5kHz)(18kQ)

Closest values: R, =10 kQ | R, =180 kQ | C =1800 pF

1 (10v/2)( 1

R =R =10kQ | AV=——AT | C= — |(1ms)=0.05 uF
C 10kQ \10V

V,
0
i 2 4 6 8 ¢t (msec)
| | | |
-10V—r
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Page 574

v, = —RC% = —(204Q)(0.02uF )(2.50%)(20007 ) cos 2000t ) = ~6.28 0520007 V

8 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 11

Page 592
5
Al ~L 100 | T=A4B LTI | A4, = A" T 1001999 _g9.99
p 100 1+T 1001
v, 999V
v, = Ay, =99.9(0.17)=9.99V | v, = R
5

g o R L R R oo g 99 | 741 1000

R p R R 100

wea T 1000
= ——=-99——=-98.90
4 =4 1+7T 1001
v, =-9.89V
v, = Ay, =-989(0.1V)=-9.89 V | v, = - 8o
Values taken from OP - 27 specification sheet
(www.jaegerblalock.com or www.analog.com)
Values taken from OP - 27 specification sheet
(www.jaegerblalock.com or www.analog.com)
Page 593
4
aver L B o0 ) reap=tSsas0 | oa — e T _4020 305
p R 1kQ 40 1+T 251

FGE = " ! =0.00398 or 0.398 % | FGE5%=O.4O %

+

4

Avldeal=_&=_39kg=_39_0 | B= 1 _=i | T=A/)’=£=250 |

R 1kQ I+ R, 40 40

Rl
A, = Av’d“’li = —3925—0 =-388 | FGE-= L 0.00398 or 0.398 % | FGE= 1 =0.40 %
1+7T 251 1+7T T

9 ©R. C. Jaeger and T. N. Blalock
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Page 595
Values taken from OP - 77 specification sheet (www.jaegerblalock.com or www.analog.com)

Page 596

1e7=Re 72202 4499 | =1 = 499(40) = 2.00x10"*
R 0.1Q B

out

a = L gy R O 400
1+7 R
T=A4B=10" 1ke2 =249.7 | A =A™ I _ 40297 393
0.05kQ + 39kQ + 1kQ 1+7 2507
39kQ(1.05) 420
A™ =1+ — L 441 | GE=442-400=420 | FGE=""2=10.5%
1kQ(0.95) 40
. 39kQ(0.95) ~3.70
mn 14 A"/ _363 | GE=363-400=-3.70 FGE=—""-=-93%
1k(1.05) 40
Page 597

147 R eT=@-1=1999 | a=1l1 =1999(100)=2.00x105 or 106 dB
R 0.1Q B

out

Page 599
Values taken from op - amp specification sheets (www.jaegerblalock.com or www.analog.com)
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Page 600

10kQ1MQ 4
R,=R,(1+T) I T=Ap=10" ” 10 _oug
10kQIMQ+390kQ | 40.39
R, =1MQ [1+248]=249 MQ
i =—L=—1—V= -4.02nA | i = B, v, =AV’de‘”Lvi =40&vi =39.8v,
R,  249MQ R, 1+T 249
| = b, _ 39'8( v )=98.5 uA 1Yes, |i|>>|i|
R 404\10kQ
4
If we assume 1MQ >>10kQ, T = AB =10" (&) 10 250
10kQ+390kQ) 40
R, =1MQ [1+250]=251 MQ
P WV 3o g By spea T 4920, 393,
R, 251MQ R, 1+T
i =Pre 39'8( v )=99.5 uA 1Yes, [i|>>]i |
R 40 \10kQ
Page 601
R, =R +R, B k1m0 1001 0 | R™“ =R =1000Q | 1Q or 0.1%
1+ 4 1+10°

11 ©R. C. Jaeger and T. N. Blalock
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Page 609
RSP
R, 0kQ
R) =R, +R|(R, +R,)=25kQ+10kQ||(91kQ +1kQ) = 34.0 kQ

R), =R, |[R, + R R, ] =1kQ|[91kQ+10kL] 25kQ] = 990 Q
RIRa o 10kQ 25kQ _
"R,+R,+R|R, 1kQ +91kQ +10kQ 25kQ
wea T 720

A = =10.1
= A 1+T 1+720

R, = R"(14T)=34.0kQ(1+720) =24.5 MQ

Al =1 =1 10.1

=10.1

“T1LT 14720

e B OIKQ G0 4
R 10kQ

RY =R, +R,+R (R, +R,|R,)=2kQ+25kQ+10kQ|(91kQ+ 1kQ| 5kQ) = 36.0 kQ
R2, =R,|R,|[R, + R [(R, +R,)] = SkQ|IKQ|[91kQ + 10kQ]|(25kQ + 2kQ) ]| = 826 Q

out L
v, =|A4, R, vy R =10* Sk Vi 10kS2 =818v,
R +R, " )R |R +R,+R, 1kQ +5kQ " 1kQ 5kQ +91kQ +10kQ

R, =R (R, +R,||R,)=10kQ(91kQ+1kQ| 5kQ) = 9.02 kQ

T=(vi) R, 818 25kQ

Via

RO

R,+R,+R 902kQ+25kQ+2kQ

A = AV"’e‘” L =10.1 268
1+T 14+568

R, =RP(1+T)=36.0kQ(1+568) = 20.5 MQ

=10.1

“T1LT 14568

Continued on next page.

12 ©R. C. Jaeger and T. N. Blalock
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Page 609 cont.

Ajd”’=1+£=1+%=10.1
R 104Q
R)=R,=25kQ | R. =R, =1kQ

m out

R _ g 10k

I=4, =10" ————— =990
R +R, 10AQ + 91kQ
tdeal L 990
= A" ——=10.1 =10.1
A=A 1+T 1+990
R, = R} (1+ T)=25.0kQ(1+990) = 24.8 MQ
D
_ R _ KR 61

A\fdeal=1+&=l+%=10'l
R, 10£€2

R =R, + Ry + R|(R, + R,) = 5kQ+25kQ + 10k (91kQ + 15Q) = 39.0 kQ
RY, = R [[ R+ R|(R, + R, )] = 14| 915 + 10k€(254Q2 + 5kQ2)] =990 ©
R oty 10kQ
R +R,+R “1kQ + 91kQ + 10AQ
R, =R|(R,+R,) =10kQ|(91kQ + 1kQ) = 9.02 kQ
_Va R, _ 980 25kQ
v, R,+R,+R  9.02kQ+25kQ + 5kQ

Ideal T 628
= ——=10.1 =10.1
A =4, 1+T 1+628

R, =R)(1+T)=39.0kQ(1+628) =24.5 MQ
R 990Q

== =157 Q
1+7 14628

=R0

Vi =AYV

=980v,,

=628

13 ©R. C. Jaeger and T. N. Blalock
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Page 613

\Vﬂ'\,“ /"\»‘—‘
1K lo
)
J

bl
o
el
- | }_/\“r\'!'.VJ
)
=
o
o
<
o

R =Y HR,dH(R +R) | R =2

m

Page 615
Al = —R, = -91kQ

R, = R,|(R +R,)=10kQ||(91kQ+1kQ) = 9.02 kQ
RD (R + R,) = 1kQ(91kQ +10kQ) = 990 Q

_— R o 10kQ

"R +R, +R  1kQ+91kQ+10kQ

A =ale T __gjpq 98
1+T 1+980

D D
_RD _90UQ o150 p _RL_902 40

1+7T 1+980 1+T 1+980

=-90.9 kQ

in

Aldeul =—R. = _9 le
Rld”(R + Ro) = 25k9||(91k9 + le) =19.7 kQ
Ry + R, ) = 1kQ)|(91kQ + 25kQ) = 991 Q

T=AOL=104 25K =2137
R +R.+R, 1k€2 + 91k€2 + 25kQ2

=A"’“”L=—91k£2 2137 =-91.0 kQ
1+T 1+2137

D D
R, = Ri, = 19.702 =921Q2 R = Rou = 99182 =0.464 Q
1+T 142137 1+7T 142137

RD

out

14 ©R. C. Jaeger and T. N. Blalock
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Page 620
Atlcdeal - _l — _L = —10_4S
R 10kQ

R = R, + R|R, =25kQ + 10kQ[1kQ = 25.9 kQ
R, = R, + R|R, = 1kQ +10kQ25kQ = 8.14 kQ

out

TedYu]l Ra _go99 25k ~ 8770
v. )R, +R, 0.909kQ + 25kQ

1

Ty 1 8770
“  R\U+T 10kQ\ 1+ 8770

R, =R} (1+T)=25.9kQ(1+8770) =227 MQ
R, =R.,(1+T)=8.14kQ(1+8770) = 71.4 MQ

) =-0.100 mS

Page 624
A =1+ Ry 270
R 3kQ

RY = R,[(R,+ R||R,) = 25kQ(27k2 + 3kQ|1k2) =132 kQ

=+10

RY, = R,+ R|(R, + R,) = 1kQ+ 3kQ(27kQ + 25kQ) = 3.84 kQ

To4 [R1H(R2 + Rid)] ( R, )
"R|(R,+R,)+R\R +R,
3kQ(274Q + 254Q) 25kQ
1kQ + 3kQ(27kQ + 254Q) (27k9 +25kQ

A =+10 d =+10 3555 =+10.0
1+T 1+ 3555

T =10* )= 3555

P R, _ 13.2kQ
" (1+T) 1+ 3555

R,, = R),(1+T)=384kQ(1+3555)=13.7 MQ

=3.71Q

15
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Page 625
R, = R||R, =10kQ25kQ = 7.14 kQ

LR 27060

R 30kQ
RY = R,|(, + R||R,) = 7.14k€) (2704 + 3041k = 6.96 kQ
RY, = R, + R(R, + R, ) = 1hQ + 30kQ(270kQ + 7.14kQ) = 28.1 kQ

r-d [Rl”(’*”R?d)]( S|

A =1 =+10

“l(r R ) r RS
o 309270k + 7.144Q) T14KQ )0
T 30kQ(270kQ + 7.144Q) + 1kQ (2701@ - 7.14k§2) T

A= +10| | = +10[ 2282 _ 49,06
1+T 1+248.5

R’ 6.96kQ
"”_(1+ T)_1+248.5

R,, =RD,(1+T)=28.1kQ(1+248.5) = 7.01 MQ

=279 Q

Page 630:

A 1000
V=V, . ——=0001V|—=|=999 mV | V,=AV . =100(0.001V)=1.00V
R T (1001) ° s ( )

Page 631

Values taken from op - amp specification sheets (www.jaegerblalock.com or www.analog.com)

V| =50(0.0027) = -0.100 ¥ < ¥/, <+0.100 ¥/

Page 634

Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)

R= 39kQH1kQ =975 Q

R =1£kQ is the closest 5% value, or one could use 39 £Q and 1 £kQ resistors in parallel.

VO(t)=Vos+@f+il‘ | 1.5mV + L.5mV +100”A
RC C 10kQ(100pF) 100 pF

t =15V — ¢t =6.00 ms

16 ©R. C. Jaeger and T. N. Blalock
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Page 635

Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)

Page 637

Values taken from op-amp specification sheets (via www.jaegerblalock.com or www.analog.com)

20V
SmA

-1
=4kQ R1+R22(L—L) =20kQ

R, =R, |(R,+R)=
ro = Ri|(R 4 R) 4kQ  5kQ
Including 5% tolerances, R, + R, =21kQ2 A =10—R, =9R,

A few possibilities: 27 kQ and 3 kQ, 270 kQ and 30 k€2, 180 kQ and 20 k€, etc.

ar _ 10V _
fo [0.9(100kQ)[[0.9(5k) ] 233 mA

Page 638

Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)

Page 641

v, =Alv,+ Vi
CMRR

v = Al | Z2500{0.002- 222 _ 3750
CMRR s
v = Ay, +—Ye | Z2500[0.002+ 2 '0?0 =6250V | 3750 V <v, <6250 V
CMRR 10
Page 643
A(1+ 2C]\1/[RR) 104(1+ : 104) 103(1+ 5 1103)
A, - al =1.000 4 = al =1.000
1+ 4)1- 1410 1- —— 14+10°)1- ——
2CMRR 2x10 2x10
17 ©R. C. Jaeger and T. N. Blalock
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Page 644

GE = FGE (AV) <5x107 (1) =5x10"  Worst case occurs for negative CMRR : GE = 1 + CZ\/llRR

If both terms make equal contributions: A4 =CMRR = ;_5 =4x10* or 92 dB

2.5x10

1 -1
For other cases: CMRR =|5x107 - l or A=|5x10"- !
A CMRR

-1
A=100dB CMRR = (5)610_5 - L) =2.5x10* or 88 dB

05

-1
CMRR=100dB A= (5x10-5 —L) =2.5x10* or 88 dB

10°
Page 645
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)
Page 649
100 27(5x10° 7
A4=10% =10° | w,=2L= ( : )=10 T _100n | f, =20 _50 11
A, 10 10 2x

w 10"
Als)=—L—=
( ) s+w, s+100m

6 6
Av(s) __ oy 2w x 10 - 2 x 10
Wy 2w x 10 s+ 10m
S+—— s+
4, 2x10°
Page 652

90

Als) =2 2a(5x10°) 10z al)- 27(5x10°) _10'x
s+w, s+27(158) s+3167 s+2ﬂ(5x104) s+10°7
W, Po, 1 P
A = p | Forw,>>w,: Af=—r=—=-j1 since w, =P,
S+, Jjo,,
18 ©R. C. Jaeger and T. N. Blalock
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Page 654

20 6
A, =10 =31600 | f,=dr 200 _ysg 1 g oapp < 2MHZ 158 m;
A, 31600 -
2ﬂ(5x106) 107 7 | ) 231(5x106) 107
S)= = S)= =
s+2m(158) s+3167m ' s+2ﬂ(16.0x103) s+3.20x10% 7w

f=Bf, =1(10MHz) =10 MHz | f, = Bf, =%(10MHZ) _ S MH:

Page 655

100 6
4,=102 =10° | f,=J 100 yo0 gy g o gy SJOMH _NOMHZ_ 6y

A 10 o 1000
4 1020

Als)=—r - 22(10) 210w |, (e 20107 2410

s+wy  s+2m(100)  s+2007 s+2.02x10° 7 s+2x10° 7
Page 657

5 5

VMSS—R= 5x10°V /s _398V | f, = SR =5x10 V/S=7.96kHZ

o 2m(20kHz) 21V 2m(107)
Page 658

Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)

21(8 MHz
A4 =18x10° | f, =8 MHz | w3=&=(—6)=8,89ﬂ | RC=-L_ s
A, 1.8x10 w, 8.897w
19 ©R. C. Jaeger and T. N. Blalock
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Page 665

2
0.01=exp| —— 22| | LetK=(ln100) | E=4-%-0826
1-¢&2 4 I+x

4 28

i)

cos(45°) =45 +1-28> = =0.420 | Overshoot =100% exp[— 7t ] =234 %

¢, =tan

o5 =70.9°

Settling within the 10% error bars requires w,t =13. .. w, = 1_35 =1.3x10%7ad / s

S

6 2
. /
w, = 1[ouBoz)z(l + Aob’) = \/a)Ba)zAO/J’ = \//5(1)Ta)2 | f, = f—”2 = M =428 kHz

Bty 0.1(106)

Page 666
LT(jw,)=-180" — 3tan‘1% ~180 > o, =13

‘T(jwlgo)‘= > = > . _3 | GM=3_160 or 408 4B
> 8 5
( o +1) (V3+1)
20 ©R. C. Jaeger and T. N. Blalock
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Page 670
From the upper graph, the final value of the first step is 5 mV, and the peak of the response is

5.7mV -5mV

9'5’"’") =5.7 mV. Overshoot = 100% 22" =MV _14 o,

Sm

approximately 4mV + 2m V(
Imm

2
0.14=exp(— o ] | LetK=(M) —03917 | E=4— =0.5305

N T I+x

4 28
i

¢, =tan

5 =54.2°

From the lower graph, the final value of the first step is 5 mV, and the peak of the response is

approximately SmV + S5mV’ 10mm =9.2 mV. Overshoot = IOO%M =84 %
12mm Sm
2
084 —expl—— 22| | Letx=[TO84) _03080 | £-= = =0.05541
N1-E2 1 I+k
¢, =tan™ 2% 5 =634°
(w/4;4 - 2;2)
The uA741 curves will be distorted by slew rate limiting.
21 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 12

Page 688

R, 68kQ

AVA=A\»B=AVC=_E= 2.7kQ_

=R

outB

252 | R, =R,

12 n

p = Ric =R =2.7kQ

The op - amps are ideal : R =R,..=0

outA

= RoutC = 0

out

A=A, Ay4,=(-252) =-16,000 | R, =R, =27k | R

4=(—25.2)3(L%) 20.99(25.2)" | (ﬂ) >0.99

R, +2.7 R, +2.TkQ
_ 2Tk =0.9950 — R ,=13.6Q
R, +2.7TkQ
Page 693

4,(0)=50(25)=1250 | |4,(,)= % =884

2 2
Wy Wy

1+

4+
(10000n) (20000n)

2
=2 (w},) +4.935x10°w;, -3.896x10" =0

w; =6.925x10° = w,, =26.3x10° — f,, = %;103 = 4190 Hz
~3.34x10°
=- . =-3.33x Wy ) =—"F=-2. >
4,(0) =-100(66.7)(50) = -3.33x10° |4, (w,, 5 2.36x10
0 0 0

+——| |1+ 1+ >
(IOOOOn) (15000;1) (20000:1)

W’ +7.156x10°w’, +1.486x10°w? - 8.562x107 =0
21.7x10°

Using MATLAB, w,, =21.7x10° = f,, = =" = 3450 Hz
H H 2
1

4,(0)=(=30)" =-2.70x10* | f, =(33.3kEz) 212170 k2

22 ©R. C. Jaeger and T. N. Blalock
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Page 699
A, =1+ 1304£Q2

2240
Vo3 =0.001(6.909) =330 mV | v, =0.0017(6.909) =228 ¥

=6.909 | v, =0.001(6.909)=691mV | v,,= 0.0011/(6.909)2 =477 mV

Vos =0.0017(6.909) =157 V'>15 V. vy =V =15V
Voo =15V(6.909) =104 V' >15 V. vy =V™ =15V

Page 702
V,=Vs 5.001V -4.999V
2R 2k

V,=V,+ IR, =5.001V +1.00ud(49kQ) = 5.05 V
Vy =V, — IR, = 4.999V —1.00uA(49kQ) = 4.95 V
R 10kQ
v, = (‘f)(VA ~V,) =( 101@)(5 05-4.95)=-0.100 ¥

3

Vi=Wh+IR, | Vp=V,-IR, | I=

=1.00 ud

Page 705

Ap(s)= % | 4,(0)=2 =1 or 04B

FOI‘Q=%: ALP(jw)= 2, . ~ 2 | ‘ALP(ij)Z - v _(%)

0 + jor2w, + 0 (a)ﬁ—a)H) +20 w0},
20} =0l +w;, >0, =0,
To increase the cutoff frequency from 5 kHz to 10 kHz while maintaining the resistances
10kHz

the same, we must decrease the capacitances by a factor of =2
z
L0 2 YOHE _G01uF | - O'O;‘F =0.005 uF
w’ w’
ALP(jw)= ow | ALP(jwo)= ;)2 =-jO | ALP(ja)a) =0
: 0’4+
23 ©R. C. Jaeger and T. N. Blalock
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Page 706
To decrease the cutoff frequency from 5 kHz to 2 kHz, we must increase the

resistances by a factor of SkHz =250—=R =R, = 2.50(2.26kQ) =5.65 kQ
z
A p2
0= £i=£=i | Q is unchanged.

\/E—MRZ R>+2RR,+ R =2RR, — R’ =—R; -- can't be done!
CR+R,
JRR,  do 1 |R(R+R) 1
= = ~yRR,|=0—=R, =R — -
Q RI+R2 dR2 (R +R) 2\/R1R2 1R2 R’Z 1 Qmax 2
Page 707
2
A (j =K| —%s LS | A, (jo,)=——290°
‘HP(JwO) ‘—a)02+](3—K)a)02+a)j 3-K () -
1
- =5.19 kHz
2:1\/IOkQ(20k§2)(0.OO47MF)(0.001MF)
-1
_| [10kQ 4.7nF +1.0nF +(1-2) 20kQ(1.0nF) 082
20kQ | [4.7nF (1.0nF) 10kQ(4.7nF)
Page 708
K dQ 1 do -1 ) K dQ
§¢ == - = - -1)= §¢ - 2X
foaxk | 27x | x (3_K)2()Q | S8= ok ke
1 3
=———>KQ0=30-1 §¢=30-1=—-1=1.12
0 3K Q=30 x =30 %
Page 709
R, =2kQRkQ=1kQ | f,= ! =879 Hz | Q—— 822 _ 453
2:r\/1k9(82k9)(0.02uF)(0.02uF) 14Q
24 ©R. C. Jaeger and T. N. Blalock
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Page 711

Q=QdQ=Q 1 VRl =£g=05
©0dC Q|2cc, R+R| 02G
SI%?:&@ | R1=R2—>Q=l Q—)Sg =0
* Q0 dR, 2\ ¢c, :
» R dow R( -1 w » C dow c(| -1 W
SRa=_ o _ 5 = — o=_1 | e - o _— 5 ___o=_1
w, dR o, \RC w, w, dR o, \RC w,
o kKdo k()Y kx_, . K
K——d————z——Q —KQ—3—
Qdk Q(3-k) ¢ -K
o, _Rdo, R o, \dR, R (R,)_1 R
Y w, dR  w,\ 2R,]dR  2R,\ R’ 2R +R,
o, Rdo, R o) 1
2w, dR, w,\ 2R, 2
v, Rido, R w,\dR, R (R}) 1 R
& w, dR  w,\ 2R,)dR, 2R,\ R} 2R +R,
v, Cdo, C| o, _
o, dC o\ C
o _RdO_R( Q)\dR, _ R (Ry)__1_ R
" 0dR Q\ 2R,)]dR  2R,\ R’ 2 R +R,
g0 _RdO R Q) 1
B 0 dR, Q\2R, 2
SQ=&d_Q=&_ Q dth=_ R3 R_;z =_l R1
b 0drR, O\ 2R,)dR, 2R,\R: 2R +R,
QdC Q BW dC BW\ C
25 ©R. C. Jaeger and T. N. Blalock
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Page 712
(a) R =R,=5(226kQ)=113kQ | C = O'O?‘F =0.004 uF | C,= O'O;P‘F =0.002 uF

1

= = 4980 Hz
2n\/ 11.3kQ)(11.3%kR)(0.004F )(0.002uF )
0. [ 12 /(0.00414F)(0.002uF ) 2
11.3kQ 0.004uF +0.002uF 3
0.02uF

(b) R =R, =0.885(2.26kQ) =2.00 kQ | C, = =0.0226 uF | C,= O0E_ 60113 uF
0.885

0.885
1

) 2n\/ (2.004Q)(2.004Q)(0.02264F )(0.0113uF )

2,00k 1(0.0226uF)(0.0113uF) 4
=X 0471
O=1200k2 " 0.0226uF +001130F 3

.- ) w0k | o {812];9 \/(o.ozw)(o.ozuF) )

=4980 Hz

2Jr\/(2k€2”2k9)(82k§2)(0.OZMF)(O.OZMF) i 0.02uF +0.02uF
The values of the resistors are unchanged. C, =C, = 0.02uk” _ 0.005 ur
/o 1 520 | o 32462 /(0.0050F )(0.005uF) Cuss
2n\/(le)(82kQ)(0.005MF)(0.005uF) 1kQ  0.005uF +0.005uf
Page 714
My =Sy = 2P o1y _ 04y
C, 0.5 pF

Vo(T)=0+Av, ==04 ¥ | vy(5T)=0+5Av,=-20V | v,(9T)=0+9Av,=-3.6V

Page 716

4 pF(0.25 pF
;oL [ec 200k [4pF(025p ) 0.6 kit
277\ CC, 3pF (3pF)

CC 3pF 3pF
0- \/ 4 pF ( )=2 | BW=L—M=530]€HZ
C C+C, \025pF 3pF +3pF 0 2

y (jw)=—R2 UL I, ) 2N )
BTl aR 2¢,  0.5pF

26 ©R. C. Jaeger and T. N. Blalock
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Page 719
0.01100001, = (27 +27+27%) =0.37890625,, | 0.10001000, = (27" +27) =053125,,

Page 720
VO=5'1#(2”+29+27+25+23+2‘)=3.41250v
2
5.12V 5.12V
Vi == =125 mV | Vyyy ==——==256 V
Page 722
0.8V, 0.1V,

Vos =V, (000)=0.100 Vg | Vg = 5201V

Page 723
2R=1kQ | 4R=2kQ | 8R=4kQ | 16R=8kQ | 32R=16 kQ | 64R =32 kQ

128R=64 kQ | 256R=128 kQ2 | R=500 Q

Page 724
R =R+2R+2R+(n—1)(2R+R)=(3n+2)R I RTUm,=(3x8+2)(1kQ)=26 kQ2

Total

R=1kQ | 2R=2kQ | 4R=4kQ | 8R=8kQ | 16R=16kQ | 32R=32 kQ
64R=64 k2 | 128R=128 k2 | 256R=256 kQ | R, =511kQ

Total

=R(2°+21+...+2"‘1+2”)=(2””—I)R | R —(28”—1)1k§2=511k9

In general: R Toral =

Total

Page 725
The general case requires 2" resistors, and the number of switches is

(2' +2° +...+2")=2(2° +2° +...+2”“)=2(2” -1)=2”+‘ -2
29 21024 resistors | 2'%' -2 =2046 switches.

Page 726
(a) In general: C,,, =C(2°+2'+..+2")= (2" -1)C | G, =(2"" -1)IpF =511 pF

Total ~—
=2C+2C+(n-1)(2C+C)=(3n+1)C | Cpy =25(1pF)=25 pF

Total

(b) In general: C

Total
25pF 25x107"

(c) A= S =0 um® =5000 um’

27 ©R. C. Jaeger and T. N. Blalock
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Page 727

8
Vi =52—Z=19.53 my 1 12v 2558

=61.44 LSB | The closest code 1s 61,, =00111101,

Page 729
6logl0

2"=210° | n=
log2

=19.93 — n = 20 bits

The minimum width is 0 corresponding to the missing code 110.

The maximum code width is 2.5 LSB corresponding to output code 101.
DNL=25-1=15LSB

At code 110, the ADC transfer characteristic is 1 LSB off of the fitted line.
S INL=1LSB

Page 730
n 12 .
T =2—=2—6=2.048 ms | N —— L 4gg conversions
Jo  2x10 ™ 2.048ms second
Page 731
n 12 1 1 conversions
p=—=——7=600us | N, =—=—=167,000 ——
Jo  2x10 T, 6us second
Page 734
T n 8
VFS=LfVR(z)dz=VRT | Re= Ve Ve 22 200V 27 160 s
RC+, RC Ve Ve fo 5.2V \1MHz
Page 735
n+l 17 .
Y}m‘”‘=2—=26—=0.131s | Nmax=L=;=7'63M
Jfe  10°Hz ™ 0.131s second
Page 736

In general, 2" resistors and (2“ - 1) comparators :

2" =1024 resistors and (210 - 1) =1023 comparators

28 ©R. C. Jaeger and T. N. Blalock
07/20/15



Page 744

1 3(0.6V)
f, = =159kHz | v, |= =300V
2n(10k§2)(1nF) o _10kQ)( 24kQ) 2440
10kQ 12kQ ] 10kQ

SPICE Results:15.90 kHz, 3.33 V

Page 745
For v, > 0, the diode will conduct and pull the outputup tov, =v, =1.0 V.

Vv, =v,+v,=1.0+0.6=1.6

For a negative input, there is no path for current through R, so v, =0 V. The op - amp
sees a -1V input so the output will limit at the negative power supply: v, =-10 V.

(Note that the output voltage will actually be determined by the reverse saturation current
of the diode: v, =-I;R=0.)

The diode has a 10- V reverse bias across it, so V, >10 V.

Page 747
vg =+2 V' : Diode D, conducts, and D, is off. The negative input is a virtual ground.

v,==v,,=-0.6 V. ThecurrentinRis0, sov, =0 V.

v, =-2 V: Diode D, conducts, and D, is off. The negative input is a virtual ground.

684k€2
v, = -%v, = -%(-W) 4618V | v,=v,+v, =678 V.
The maximum output voltage is v, =15V -0.6V =14.4 V.
PR N C U
22kQ -3.09

Whenv, =15V, v,,=-15V,soV,=15V.

Page 748
v, = 20kQ2( 10.2k€2 \ 2V _200
20kQ2\3.24kQ2 ) 7

Page 750

V.= —LVEE = —lk—QIOV =-0.990 V
R +R, 1kQ2+9.1kQ

= +L e = LIOV =+0.990 V

R +R, 1kQ2+9.1kQ2

V, =0.990V - (-0.990V) =198 V

29 ©R. C. Jaeger and T. N. Blalock
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Page 751

T=2RC1nM | B= R _ 6.8k
1-B8 R+R, 68kQ+6.8kQ2

1+0.5 1
T =2(10kQ)(0.001uF) 1n(1 5) =2197us | f = 7" 45.5 kHz

1
2

Page 752
1+ 0.7
R 22kQ2 5
= = =0.550 T =(11£Q2)(0.002uF ) In| ———|=20.4
& R +R, 22kQ+18kQ | ( )( 'MF) 1-0.550 -

1+O.55(2Z)
T, = (11kQ)(0.002uF ) In 5 |=130ms | T, =204us+13.0us =33.4 us
1——=
5

30 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 13

Page 773
(a) Atthe Q-point : B, =2 1M 00 (pyp o de ___1SmAd 64
Iy 15u4 Vo 0.700¥
exp| 25| exp
v, 0.025V
(c)R, = Vhe _ smV. =1.6 k2  (d) Yes. With the given applied signal, the smallest value of v, 1s
; 5ud

b

min

var =5V -0.5mA(3.3kQ) = 3.35 ¥ which exceeds v,, =0.708 V. (e) 4,,, =20log|-206|= 46.3 dB

Page 774
(a)No: vi =2.7V with v s -V, =4—-1=3V, so the transistor has entered the triode region.

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

1.56mA = 1; (3.5-¥,) and 1.0mA= 1; (3.0-7,)"

Solving for K, and V,,, yields SOOP\L/—A and 1 V respectively.

2

(c) 4,5 =20log-4.13=12.3 dB

Page 775
Vip= K210y 3007 | Ry, - 10kQ|[30kQ = 7.5 kQ
10kQ + 304Q
Vo =V, -
Loepi =g VoV 30V =07V e
Ryo + (Br +1)R, 7.5kQ+(101)(1.54kQ)

Vep =12-43001 =15001, =12 - 4300(1.45m4) - 1500(%)(1.45%) =357V

1.45mA

Vy=Vyp—I;Ryy =3.00- (7.5kQ)=2.89 ¥

31 ©R. C. Jaeger and T. N. Blalock
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Page 776

ve(t)=Ve +ve =(5.8-1.1sin20007) ¥ | v (t)=V;+0= 1.45mA(%)(1.5k€2) =220V

i|= 41.31;; =0.256md | Li,=180° | i(r)=-0.26sin2000t mA | v,(t)=V,+v,(t)

c

1.45mA

Vy =V~ 1,Ry, =3.00- (7.5kQ)=2.89 ¥ | v,(¢)=(2.89+0.005sinsin20007) ¥

XC=L= ! -0318Q | X.<<R,
oC  20007(500uF )

Page 779
R, =20kQ[62kQ=15.1kQ | R, =8.2kQ[100kQ=7.58 kQ

Page 783
- /2N - 0.025V < 70 e 0.025V _ 10

I+ 1 174 50ud
r, = 0025V _ 1554 | 7= 0025V _ ¢ 33 med

2mA 34

r, = 00257 167 @ | KT _3.62x10° L (373K)=0.0322 ¥ | _QO3R2V 5140

1.5mA q K 1.5mA
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Page 788

g, =401 =40(50ud)=2.00 mS | r, = B o 5 37510
g, 2mS
g Yatlee OOVHSV 450 pq |y —g = 2mS(1.30 MQ) = 2600
I, 50uA
g, =401, =40(250ud) =100 mS | r, = B N 50010
g, 10mS

g Yot VAV 36040 |y =g 10mS(360kQ) = 3600
I 250u4 -

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

Bro = Br =B, =I_C_%=100 | g _AL=M=625 mS
1, Ve 1, 15u4 Av,,  8m
VA
p = Bic _300ud o0 P 10y oko | BV 8MV g0
Ai,  Sud g 62.5mS Ai,  0.5mA/100
33 ©R. C. Jaeger and T. N. Blalock
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Page 798
A, =-g R = —9.80mS(18kQ) =-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.
1044Q[12.84Q

125
(a) Ry =1, = =1284Q | 4,=-9.80mS(1842) 16Q +104kQ12.8kQ2

= =-162
9.80mS

(B) RP™ =1.1(18kQ) =198 kQ | R™ =0.9(18kQ)=16.2 kQ

104k9[10.240 )
- _143
1kQ + 104k§2”10.2k£2

A™" = —9.80mS(16.2k€2)(

A min(l9.8k§2) _ _143(19.8k£2

16.2kQ2 16.2kQ

16.2kQ
1842

)=—175

Checking : 4™ = AV'”( X =-159(1.1) = =175

=-159(0.9)=-143 | A = Amm(19-8k9)

1842

(c) Ve =12V - 22kQI. - 13kQI, =12V - 0.275mA(22k§2 + %13/@) =234V
100

g, =40(0275mA)=11.0 mS | Ry=r, = o5 =209 k0

( 10449.0942 ]
A, =-11.0mS(18kQ) --
1KQ + 104kL9.09%Q
A" =-10V, =-10(20)==200 | g, =401, =40(100ud)=4.00 mS | R, =r, = B 100 1510
g, 4mS
V,+Ve 50V +10V
r, =4 ;C e - IOJM =600 kQ |, =g, = 4mS(600kQ) = 2400
Ry|R, 150kQ25kQ
4, = =g, (e[, ) =" = ~4.00mS(100k2| 600k<2) =-
R, + R ||R, 5kQ +150kQ254kQ
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Page 799

+ _7, 4
= EQ ] BE 4 7]/ — ZV
IC /312‘13 = ﬁ 1 O .

Ry +(Br +1)R, =! 10452+ (101)(134Q)

Vep =12-220001, - 130007, =12 -22000(0.245mA) - 13000(1(%)(0.245m) =3397

1.38x107%(300
”p(;)(m_) T (390) _ 5575 1

- v, q 1.6x107"
I - 0.245mA _ 422 /A
0.7 3.39-0.7
exp 1+
0.025875 75
Page 802

() g, = \/21("11)(1 + M) = \/Z(ImA/ V?)(0.25m)[1+0.02(5)] =0.742 mS

Loy
L0V sV

T, T 250u4
G0 = 2K 1o (1+ A5 ) =3 [2(1m 1V2)(5ma)[1+0.02(10)] = 3.46 mS

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

Lo,
2 s 501 10V

=

=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 in v, g, = Ay = 33K _ 3,9
Av,e 0.5V
Page 803
21 f 2(25m4)
v, |<02(V, =V )=02 2 =02{— =100V v,.,|<0.005 V
gs ( GS TN) Kn 20mA/V2 | ‘ be‘
Page 804
"= Y 0 _oas | n=—2  _o20
2Vey +2¢,  200+0.6 24/3+0.6
35 ©R. C. Jaeger and T. N. Blalock
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Page 806

. ST (1 27)0) , \sma(2mA)[1+0.02(5)] s
A -2

gﬂl

Ly
2 s 501 45V
ro ] e
I, 2mA

Ve =V,|1- Ly =—2V1—1/% =-0.735V
1o SmA

Page 813
_ 1.5MQ
15 MQ+22MQ
Neglect A in hand calculations of the Q - point.

=275kQ | u,=g,r,=3.32mS(27.5kQ) =913

12V =487V | Ry, =1.5MQ2MQ =892 kQ

-4
4.87=V, +120001, | 487=V, + 12000(5’6%)(1@ - 1)2

3VGZS—5VGS -1.87=0—V,=1981V | [I,=241u4
Vys =12-220001,, -12000/,, =3.81 V' | Q- point: (241 uAd, 3.81 V)

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

2(24104) 121 K, 2x10°
Ve Voo ma| =) 0491V CS o _ 244 M=—m_=17 _4
oo 2x107 A 0.491V | K, 5x10™

Page 815

= BJr _ 100(0.0257) =345kQ | R =Ry, =104kQ[3.45kQ = 3.34 kQ
I, 0.725md

Page 816
680kQ
RS = 680kQ|[1.0 MQ = 405 kQ V., =} =0.405V,
H | Vegren 680kQ + 1MQ *° b

v 1.5MQ
PO 1 5 MEQ + 2.2 MQ

V,p =0.405V,, | No change. The gate voltages are the same.
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Page 821
From Ex. 13.6, u, =230 and 4, =-20.3. |4,|<<u,

VGS=VP(1— Iy ]=-1V(1- 0'25’"AJ=—0.500 4

Ipss 1mA
v.|<02(V -1,)=02(-05+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, 454 V')

Page 824
1.=245ud | V=339V | I, =245M(%) =249 uAd

Py = 1oV + 1,V =245u4(3.397 ) + 2465?‘4 (0.77)=0.833 mw

Vie =V, Vee =(Ver + [:R) 12-0.7-0.249mA(134k)

b= VCC(IC + 12) | L= R = R 3000 =26.9 ud
Py =12V/(245u4 +26.9ud) = 3.26 mW
Py =1,V =241ud(3.817)= 0918 mW | Py=V,,(I,+1,)
L= RVJL:DR -~ 5Mgf; o 324 ud | Py =12V(241ud +3.24ud) =2.93 mW
1 2 : :

Page 826
(a) ¥,y = min] IcRe, (Vg = Ve )| = min[24504(2242),(3.39-0.7) ] = 2.69 ¥

V,, 1s limited by the value of V...
(B) Vs = min| 1, Ry (Vs = Vigsr )| = min| 24104(224Q2),(3.81-0.982) | - 2.83 ¥

Limited by the value of V.
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CHAPTER 14

Page 844
50 = OK2 1oy _qa7v | Ry, =160kQ[300kQ = 104 kQ
160kQ +300kQ
Vo=V, -
Ie=Boly = Br—e 7 _100— 1TV 20TV _ 545 s
Ryp+(Br+1)R; 104kQ+(101)(13kQ)

Ve =12-220001, -130001, =12 - 22000(0.245mA) - 13000(%) (O.245mA) =339V

g, =401, =40(0.245mA)=9.80 mS | r, = B 100 _ 10.2 k€2
g, 9.80mS

Va4V _ 534V
°T 1. 0.245mA

=218kQ2 | u,=g,r,=2140

1.5MQ

71 5MQ+22MQ
Neglect A in hand calculations of the Q-point.

12V=487V | Ry, =1.5MQ||2.2M§2=892 kQ2

-4
487 =V, +120001, | 4.87=VGS+12000(5)C120 )(VGS—1)2

3V -5V, -187=0—>V,=1981V | I,=241uA
Vs = 12220001, ~120001,, =3.81 V | Q-point: (241 uA, 3.81 V)

- - A+, 53.8V
g, =2K I, =\/2(5x10 *)(241x10%) 0491 mS | ¥, I e 223k

up=g,r,=110

Page 845
R, =160kQ[300kQ =104 kQ | R, =3.00kQ | R, =22kQl00kQ=18.0 kQ

Ry =1.5MQ22MQ=892kQ | Ry=200kQ | R, =22kQlO0KQ=18.0kQ

R, =160kQ300kQ =104 kQ | R, =13kQ[100kQ =11.5 kQ
Ry =1.5MQ22MQ=892kQ | R, =12kQ[100kQ=10.7 kX
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Page 847
R =2kQ | R=13kQ | R, =22kQ[100kQ=18.0 kQ

R =2kQ | R =12kQ | R,=22kQ[I00kQ=18.0 k<
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Page 859
Veo =V,

(a) I =—22—2% or I ! | 1. =0.245mA 1350
R, +R,

gt Iy E+R4
R R R

For large g, R,, A" =_lf; ;{ g_R_L %
m-E E E

make R. and R, large and R, small. R, = 1.1(22k§2)”1.1(100k£2) =19.8 kQ

R, =0.9(3kQ) =27 kQ | I.=0.245m4 I3K2 251 ma | g, =40(0.251 md)=10.0 mS
E ¢ 12.7kQ "

CE max
For 4,

=t =———=100kQ | R,=10.0kQ+101(2.7kQ) =283 kQ
g, 10.0mS

come 10.0mS(19.8kQ) [ 104kQ283kQ ) 608

© 1+100mS(2.7kQ) | 1kQ+ 104kQ2834Q )

CE min

For 4™ make R. and R, small and R, large. R, = 0.9(22k§2)”0.9(100k9) =16.2 kQ

R, =1.1|13kQ)=33kQ2 | I.=0.245mA 13kC2 =0.239m4 | g, =40(0.239 mA4)=9.56 mS
E C 13 Q m

r=tt=———=105kQ | R,=10.5kQ+101(3.3kQ) =344 kQ

9.56mS(16.2k§2)
1+9.56m5(3.34Q)

CEmin _
’ =

104k9H344kQ a0
1kQ+104kQ3444Q |

(b) Assume the collector current does not change.

ro=te=—_—128kQ | R,=128kQ+126(3.0kQ)=3914Q
g, 9.8mS
o 9-80mS(18kQ) 104k9H391k9 o ,
=— =-5.73 The gain is essentially unchanged.
1+9.80mS(3kQ) | 1kQ + 104kQ3914Q

() Vg =Vee = 1R = Ip(Ry + R,) =12V —0.275mA(22kQ + %13]@) =234V

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

g, =40(0275m4)=11.0 mS | r, = B 10050910 | Ry =9.09kQ+101(3.0kQ) = 312 kQ
g, 1lmS
o 11.0mS(18kQ) [ 1044031240

=-5.75 The gain is essentially unchanged.

v

141 1.0mS(3kQ) | 14Q + 104403124

Continued on the next page
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Page 859 cont.
100(2kQ)
(1k§2”104k§2) +10.2kQ + 2kQ

R =320kQ |1+ =517 MQ | u R, =3140(2kQ)=6.28 MQ

Re<uR, | R, =517TMQ2kQ=219kQ | R, <<uR,

limR,. = lim ro(l + L) - ro(l N "RE) =(B,+1),

Ry —o Ry — Rth+rn +RE RE

Page 861

R, =10.2kQ+101(14kQ) =111 kQ
9.80mS(18k€2) 1041(9”1 11kQ

1+ 9.80mS(1kQ)| 1kQ + 104kQH1 11kQ

)=—16.0 | R, =13kQ-1kQ =12 kQ.

1.38x107*(300
,,p(V_)(lV_) AT B30 _ passrs v
v, Vv, q 1.60x10

0.245mA

0.7 3.39-0.7
exp I+
0.025875 100

Is=

=425 4

B, 100

A =-10V,. =-10(20)=-200 | g, =401, =40(100ud)=4.00 mS | R, =r, = —— =25iQ
g, 4mS
V,+Vyp 50V +10V
=4 }“C CE _ 10(;#,4 =600 kQ |, =g, = 4mS(600kQ) = 2400
A = —gm(RC ro)—RBHR"B - —4.00mS(100kQH600kQ) 150k254E2 — 278
R, + Ry|R, 5kQ +150kQ25kQ
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Page 868
1.5MQ

P07 5 MQ+2.2MQ
Neglect A in hand calculations of the Q - point.

-4
487 =V, +120001, | 4.87=V, + 12000(%

12V =487V | Ry, =1.5MQ22MQ =892 kQ

Ve 1)

W2 -5V, —1.87=0—>V, =1.981V | I, =241pu4
Vs =12-220001, 120001, =3.81 ¥ | Q-point: (241 ud, 3.81 V)

A5, =201logl-4.50/=-13.1 dB

R, =10.2kQ + 101(14Q) = 111kQ

e 9.80mS(18kQ) (10441 11kQ
C o 1+9.80mS(1kQ) | 1kQ + 104411 14Q

s O.503mS(18kQ)( 89240

=-16.0 | R, =13kQ-1kQ=12 kQ

)=—6.02 | R, =12kQ-1kQ=11kQ

1+0.503mS(15kQ) | 15Q + 89240
(iii) R, =10.2kQ+101(13kQ) =1.32 MQ
9.80mS(18kQ 10449132 MQ
S (1842) | =-136 | A% =- R __18KQ_ |54
1+9.80mS(13kQ) | 1kQ + 104kQ1.32 MQ R, +R,  13kQ
0.503mS(18kQ
S = (1840) 892K\ _ 129 | A% =- R __I8Q_ 5
1+0.503mS(12kQ) | 15kQ + 8924Q R +R,  12kQ
Page 869
-23
V, = %K (273K +27K)=25861mV | I = e _ 2454 =0.430 f4
1.602x10™"° K Vi 0.700V
exp| =5 | expl —————
v, 0.025861V
18kQ
R, =-9.80mS(184Q) = -176 F =-6.00 5.72 <6.00
g,R, =-0.503mS(184kQ) =-9.05 | A" = _IBR2_ 5 00 | 4.50<9.00
2kQ
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Page 873

R, =160kQ300kQ2=104kQ | R, =r,(1+g,R,)= 022'2 VA [1+10mS(11.5k0)|=1.16 MQ
Zom.
v, <0.0057(1+ ngL)% =0.005/[1+10mS(1 1.5/@)]M =0.592 7
Ry|R, 95.4kQ
R 2kQ + 892kQ
v, 0.2(Vos = Vi (14 g,R, ) I;GRG =02()[1+ 0.5mS(10.7kQ)]8;2—kQ =127V
Page 878
g, = RHBI2Q o0y 6973 | (0491ms)R, _ 0.973 — R, = 73.4kQ
892kQ 1+(0.491ms)R,

R6H1 00kQ=73.4kQ2— R, =276 kQ | Note, however, that the 12 k€2 resistor

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

9.80mS(134kQ
== U32) [ s6dke ) +0.972
1+ 9.80mS(13kQ) 2kQ +96.4kQ
0.491mS(12kQ
S =- 124) BOZKR ) _ L0853
1+ 0.491mS(12kQ) 2kQ + 892k

BIT: g,R, =9.80mS(11.5kQ) =113 | FET: g, R, =0.491mS(10.7kQ)=5.25

Page 881
2kQ+13kQ2
13kQ

Neglecting R, v, =0.005F(1+g,R,) =0.005/[1+9.8mS(2kQ)| = 103 m¥
] 2kQ + 124Q

BIT: v, =0.005/(1+ ng,)% = 0.005V[1+ 9.8mS(2k§2)]( ) =119 mV

FET: v, 0.2(Vys =V )(1+ g,R)) R’;{;Rﬁ - 0.2(0.982)[1 +0.491mS(2kQ =454 mV

Neglecting Ry, v, = 0.2(Vgg =V )(1+ g,R,) = 0.2(0.982)[ 1+ 0.491mS(24Q) | = 389 mV
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Page 882
100(1.73k9)

1.73k€2 +10.24Q2

=3.40 MQ

Rz’C = 7"0

1+&}=219k9 [l+

R, +r,

Or more approximately, R =7,[1+ g, R, ]| =219k [1+9.8mS(1.73kQ)] = 3.93 MQ
Ry =r[1+g,R,] =223k [1+0.491(1.71kQ) | - 410 kQ

Page 886
gm R6
R, +L R, +i R
AVCB = ngL En - ngL En =8\ R (1 612 R
R6() g, R + 1 s(1+8,R )+ R,
R Em R +—
, +
1 Em
R +—
gm
AVCB - ngL R6 1 — ngL R6
R6+R11+M I+g,R,\Rs+R,
R, +R,

The voltage gains are proportional to the load resistance

A = 4848 (%)=+10.4 | A =+4.12 (%)=+5.02
18kQ 18kQ

CB:A%<g R =176 | A®=Bu_ R 182 160 g48<104<<176
R, R/|R, 173kQ

R __R _ 18K =105 | 4.11<8.84<10.5

ool 1 p L Ve-Va | Ry_ 1 21, \_ 2 _1
g 401, g 21 Ry 40I.\V, -V, ) 40(1) 20
Page 893
s L)1 ) 2200
C e \(w/L) 1+02V 4 1
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Page 895
n=0 | I,,=1, | Both transistors are in the active region since V; = V.

. 107 (2 > 107(8 2
Neglecting 2 — (T)(S ~V,-1) = T(T)(VO 1) = ¥,=200V

1
V,=2.0064 V, I, =421.39 ud — Q- point : (2.01V, 421 ud)

. 107 (2 107 (8
Keeping A : 5 (—)(5 -V, - 1)2[1 + 0.02(5 - VO)] = T(T)(VO - 1)2(1 + 0.02V0) —

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

K =10" 20 =2xlO'3i | K =4x107 20 =2xlO_3i | The transistors are symmetrical.
! 1 v? i 1 v?

"V, = % - % 1esv | 1, =10 (?)(1.65 ~0.7) [1+0.02(1.65)] = 932 ud

Q- point : (1.65 V, 932 MA)

Page 898
Since we need high gain, the emitter should be bypassed, and R-" = R,|lr, = 250kQ.
If we choose R, =7, I. = 2 = 100 =5 uA
407, 40(5004Q)
RO | I — 1 __is uA
" g, ©40(2k@)
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Page 902
Common - Emitter ;
1

C >> =8.07nF | Choose C, =82 nF =0.082 uF
2n(250Hz)(1k§2 + 77.9k€2)

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

211(250Hz)(21 9kQ + 82kQ)
1

C, >>

=0.269uF | Choose C, =2.7 uF
104

2n(250Hz)

3kQ + !
9.80mS

Common - Source :
1
271(250 Hz )(15Q + 8924Q)

C, >> ! =6.15nF | Choose C, =68 nF' =0.068 uF

2n(250Hz)(21 S5kQ + 82k£2)
1

C >>

=713pF | Choose C, =8200 pF

C, >> =0.221uF | Choose C; =2.2 uF

211(250Hz) 10kQ 200+ L
0.491mS

Page 905

Common - Collector :

C >> ! =6.60nf" | Choose C, =68 nF =0.068 uF
2n(250Hz)(1k§2 + 95.5k§2)

C, >> ! =7.75nF | Choose C, =82 nF =0.082 uF
2n(250Hz)(1 20Q + 82k£2)

Common - Drain ;
1
2n(250Hz)(1k9 + 892k£2)

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

211(250Hz)(1 T4kQ + 82kQ)

C >> =713pF | Choose C, =8200 pF
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Page 908
Common — Base:
1
27 (250 Hz)(1kQ+0.1kQ)
1

C,>> =6.13nF | Choose C, =0.068 uF
27 (250Hz)(21.9kQ +82kQ)

C >>

=0.579uF | Choose C, =6.8 uF

C,>> |
21(250Hz)160k300k%2[ 10242 + 101 (13k 2] 14<2)

Common - Gate:

=122nF | Choose C,=0.12 uF

1

271 (250 Hz)(1kQ +1.74kQ)
C,>> ! =6.19nF | Choose C, =0.068 urF
27 (250Hz)(20.9kQ + 82kQ)

1
27(250Hz)(1.5MQ[2.2MQ)

C, >>

=0.232uF | Choose C,=2.2 uF

3 >>

=714pF | Choose C, =8200 pF

Page 909
(a) Common - Source :

1

2kQ + b
0.491mS

(b) Common - Collector :

N 1
2::(2000112)(1209 + lOOkQ)

(c) Common - Gate :

C, =

=553nF | Choose C,; =0.056 ur
Zn(IOOOHz)[IOkQ

C >

=795pF | Choose C, =820 pF

1

C >> =42.6nF | Choose C, =0.042 uF
2ﬂ(1000Hz)(2kQ + 1.74k9)
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Page 913

20V =V +36001, | 20="V, + 3600%(%5 ~15) =¥, =2.203 V| 1, =4.94 mA

Vs =5-(-Vos)=720V | Q-point: (494mA, 720V) | R, =R, =22 MQ

2(4.94mA
AP = - FL g, = (—) =142mS | R, =3600Q3000Q=1630 Q | A" =0.959
l+g R, (2:20-1.50)
R = 3.6kQ 1 360 -e010 | v, =0.2(220 -1.50)[1 + 0.0142(1630)] =338V
g, 0.0142 ¢
—+ Vs ;+5+2.21
o= = 0'0150 o Tl4skR | R = 3600Q[3000Q[14.8kQ =1470 @ | 4™ =0.954
i .

W _K,_2x10" 400
L K 5x10° 1

Page 914
2(4.94mA
&l _ A40AmA) s | R =3600Q | A% =0981 | R, =R, =22 MQ
1+g R, (220-1.50)r
R = 3.6kQ 1 36 6010 | AP =4 30009 959
g, 0.0142 69.1Q + 3000Q
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Page 917
Reverse the direction of the arrow on the emitter of the transistor as well

as the values of V; and V..

RO=R| =13k 75001 A% =2 (1328)(7.584Q) = 50.1
g, 40(331uA) 75Q+75.1Q
Forv, =0, werequire v 20. V. =5-I.R. =229V . .|v =220V

v, =5mV (g,R,)=5mV (13.2mS)(7580R) = 0.500 V

R, =75Q[1+40(7.5-0.7)| = 20.5 kQ (a standard 1% value) | I, = 08V 332 ua
" 20.5kQ

50 = 40(332/,tA)RL 757575 — R, =7.53kQ— R, =8.14 kQ — 8.06 k€2 (a standard 1% value)
+

V,.=07+75-1.R. =552V

1 1
- = =48.2 kH.

/i 27(R,+R,)C,  27(75Q+75.1Q)(0.022uF) -

_ 1 _ 1
27(R,+R,,,)C, 2m(100kQ+8.2kQ)(33pF)

We have two almost identical poles and can estimate f, by applying the bandwidth shrinkage factor

b =44.6 kHz

from Table 14.13 to the mean of the two frequencies: f, =1 .SS(M)kHz =72 kHz
Using the design value: f, = 1.55( 30+30 )kHz =77.5 kHz
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Page 918
5% tolerances /. = iz~ _Q'7V = 5(1.05) —07V =368u4
R 13k2(0.95)
Vot = Vit - 1T R = 57(0.95) - 368ud(8.2kQ)(1.05) =1.58 ¥ | 1.5820, so active region is ok.
v 0.7V _ 5(1.1) -0.7V
R 134kQ(0.9)

P = VR - 1T RE™ = 517(0.90) - 410u4(8.24Q)(1.1) = 0.802 ¥ | 0.802=0, so active region is ok.

10% tolerances /" =

= 410u4

R® 75 B
v, = =y, —(13.2mS§)(8200Q2) = 54.1v, R,=R . =82#kQ
ETTo RCE Tsq4 RO 759+75( I ) o | out
46 Yo _Vu 100£Q 100£Q —50.0
© Ty v R, +100kQ T 82kQ+100kQ
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Page 923
1 1
_ _ ~ 482 kH.
= a R +R)C,  27(750+ 752)(0.0224F) -
1 1

= = =39.8 kH
2 27 (R, +R,,)C, 2m(100kQ+100kQ)(20pF) -

1 1

1/g,)C;  27(9.1k%[5009)(0.0068uF)
We have three almost identical poles and can estimate f, by applying the bandwidth shrinkage factor
(48.2+39.8+49.4

f, =494 kHz

B 2.7'[(RS

kHz =89 kHz

from Table 14.13 to the mean of the three frequencies: f, =1.95

| |
"M, 0015(2x107)

or more exactly Vs =25-10°1,-9.1x10°1,, =25-1.09x10° (0.2mA) =3.18 V
1 1

=333 kQ

—+V,y, ——+3.18
=t 0015 _3494Q | R, =100kQ100kQ349kQ = 43.7 kQ
I, 2x107
. 2(0.2mA
AP =—(g,R,) R, __2(02m )(43.71@)(—75Q )=—43.7
R +R, 02V 75Q+75Q
0.01 2
I, =T(0'25) =03125mA | V-V, =025V | V,=025-2=-175V
- 50(0.25V
=Yoo 1DV 5600056k | R, oA _002V) 40 R, [100kQ = 40 kQ
I, 03125mA g, 03125mA

R, =66.7kQ2— 68 kQ | C, remains unchanged.
1
10° 7 (68kQ2 +100kQ)

1

C,>> =1.90pF — Choose C, =20 pF

C,>>

=0.853nF — Choose C, =8200 pF

10°7z 5.6kQH1
2.5mS

N R° ¢ R =v 75Q

"T5Q+ RO T T5Q475Q
vo 100kQ o0 100kQ

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

Vip =

2mS)(100kQ)=100v, | R, = RS =100 kQ
( )( ) i th

out

G _ YV, _
A7 =—2=
Vi
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Page 925

K

2 0.01
M, : [D=7n(VG _VTN) | Ves=-Rdp | Ip=—+

(2002, + 2)" =1, =5.00 mA

Vs = IS—SmA(SZOQ) =109V

g, =2K,I, =1/2(0.01)(0.005) =100 mS | r,= L+ AWy _1* 0.02(10.) =12.2 kQ

M, 0.02(5mA)

22kQ
O Vio= 30, g 13V) =330V | Ry =22kQ|78kQ =172 kQ
3.30-0.7 151

c =

=1.52mAd | Vo =15-1.52mA|47kQ+ ——1.6kQ|=541V
17.2kQ + 151(1 .6k§2) 150

150 .o 80+5.41

g, =40(1.52m4) =608 mS | r, = =247kQ | r = =56.2 kQ

60.8msS 1.52mA
120kQ
0,0 Vi =m(1sv) =853V | Ry, =120kQ01kQ=51.8 kQ
1. =80 85307 96 ma | Ve =15-1.96mA 813 3k0|-845 7
51.8kQ +81(3.3kQ) 80

g, =40(1.96mA) =784 mS | r, = 80 _1ooke | 0485040

78.4mS 1.96mA

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

Page 927
R, =478Q[12.2kQ =460 Q | R, =3.53kQ[542kQ=331kQ | R,,=232Q344kQ=230Q

79.6mS(230S2)
1+ 79.6mS(2309)

A, =-10mS(460Q)(-62.8mS )(3'31"9)[ 10kQ + 1MQ

( 1MQ )=898

20 log(898) = 59.1 dB

4, = (—L)(—lon)(l) = —?(—10)(15)(1) =2250

GS VTN

A4, =-10mS(2.39kQ)(-62.8mS )(19.842)(0.95)(0.99) = 28000
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Page 932

R, = 3300

ut

+
0.0796S  90.1

( 1 3990)=55'9 o

Note that the answers are obtained directly from SPICE.

A, =g, R,y =—[2(0.01)(0.001)(3k[17.24[2.39kQ) = 5.52

A4, =-5.52(-222}(3.31k2)(0.95)(0.99) = 1150
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CHAPTER 15

60[ 15-0.7 ]
Io=ad = |—"""1-938ud | V. =15-938uA(75kQ)-(=0.7V)=867V
¢ =% E =g 2(75kQ) a cr uA( )= )

o[ 15-v,, |

I
I =0, =—|—2: | and V,=0025VIn|——|—=1.=947uA, V,. =0.649 V
TR 61| 2(75kQ) " (O.leO"sA) ‘ H T
L=t O94TUA 41930
Ve exp(o.mov)
Py, 25.9mV
Page 958
v, =v,-v,=101-0990=0020 V | v = Vlzvz _LOI+09 100y
v, =V -v,=4995-5005=-0010 V | v =2 ;Vz _ 499545005 55y
Vod = Add vid + Acd vic | voc = Adcvid + ACL'Vic
[ 220 002 1.00
. =[ A, A, ] YR ]e[ A, A, ]=[ 100 0.20 ]
15'%%21 }=[ A A, [ 00'0021 ;'gg ]e[ Au A, ]=[ 0100 100 |
Page 963

Differential output: A,, = A, =-20V,.=-300 | A, =0 | CMRR=x

Single-ended output: A, = % =+10V,. =150 | A, = _150 -0.5

300
CMRR =20V, =300 | CMRR, =2010og(300)=49.5 dB

Page 966
1_100(&)15-0-7
101\2R.) 15
Ve =15V < =530V
100( R.
I+
101\ 2R
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Page 967

V. 15V
I,.=14-—2=100ud - =80
DC SS RSS Au‘A 750kQ [,LA
Page 970
]SS

Ip==5=100 pd | Vog =121, Ry + Vs = 12 - 100uA(62kQ) + Vs = 5.8V + Vg

Vo=V + ,/% —V, 402V | V, =1+0.75(W/VSB +0.6 —\/0.6) | Vg = Vs —(-127)

Vo =118=Vyy | Vi =1+075(\124 =1, =N0.6) =1y =275V | V=875
Q- point: (100 ud, 8.75 V')

Page 974

R, =2 =2V1_0 O

*~T1. T375u4

=320 MQ | R, =2u,R,, =2(40)60)(1MQ)=4.80 GQ

i =o v, =40(37.5ud)v, =1.5x10"y i =Y _ Yem _ 5005107y
dm g m” dm ( ‘MA) dm dm | cm 2 REE 2 MQ cm

Page 978

Cc1

100 (150uA 15V
= | 27 =743 ud I.,=——=750 ud V.,.=15-0=150V
Cc2 101( 2 ) ’ Cc3 ZOL ; | CE3

Vep =15 = 74.3ud(10kQ) - (-0.7) =150 V' | Vi, =15 (74.3ud - 7.5u4)(10kQ) - (-0.7) = 15.0 ¥/

750u4 ]
Vigs = (74.3u4 = 7.5u4)(10kQ) = 0.668 V| I, = (OT&%V) =1.87x10™"° 4
exp

0.025
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Page 981
8400

Ap =560 (15)=8400 | I, =50(1ud)=50 ud | 4, = 28 (500
1+ | =22
100( 50ud )

=2210

8400

<50(lud) =50 ud | A, = 28 (o =290
IOO(SOMA)
R =2r=2—2X ___50kQ | R, =—2"_300
40(50u4) 0.5mA
Ry=2r,=2— 2 __504Q | R, =" -
40(50u4) 5mA

A =560 (1.5) =840

Page 982
CMRR =g, ,R =40 (50uA)(750kQ) =1500 | CMRR, =20 10g(1500) =63.5dB

Page 983
g, r, - 0.7r, 560V
4, =222 Reris (gm3ro3) Loty (40103 )E 800 : (VA3) = -
2 \R.+r,, 2 RC+r R.+7r, 1_|_RC
rf[3
560V, 560V, _ 560V, _ 560V,
dm — - - -
14 40LesRe | 401,R, (163) . 40(0.7)( 1., 1+28(1C3)
B B Ie, B.: I Bos\1ca
Ap™ =560 (75)=42000 | I, =50(1ud) =50 ud
g, —— 2200 000 | o, 22000y
, 28 (500u4 1,28 (5mA
100 50u4 100 | 50ud
R =2 =29 _s0kQ | R, =r, =2V * V15010
40(50u4) 0.5mA
R =2 =2—2___50k@ | R, =22 _180k2
40(50u4) 5mA
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Page 988
A,=-350 | A,= —22mS(150kQH162kQH203kQ) = -1238

0.198S(2kQH18kQ)
R 0.1985(24<1842)

=0.9971 | 4, =-3.50(-1238)(0.9971) = 4320

vt3

R =2 =2—90  __j01k | R, =42 ®_ ! + 1624015040 =776 Q
40(49.5u4) g Boi+1 40(4.95mA) 101
P=(I+ 1+ I,)(Vee + Vi ) = (100 + 500 + 5000)ud(307) = 168 mW
I = SOMA(%) =497 ud | 1., =500ud + % =533 ud | R.= 0'7523 =152 kQ
(49.7 —)MA
150
150
r = w0(533ud) =7.04kQ | A,-= -20(49.7MA)(15.2kQH7.04k9) = -4.68
150 150 _75+143

Io,=—5mA=49TmA | r,=—F———=755Q | r,=—"—"=168 kQ
151 40(4.97mA) 533ud
A, = —40(533;1A)[168k9”755 " 151(2/@)] — 2304
0.1995(24Q)
g, =40(497mA4)=0.199 S | A, = 1+0.1995(24) =0.998
A, =-4.78(~2304)(0.998) = 11000
R, = 10 _i5100 | R, = Lol ! P NPT

2rm=2m " g B+l 40(495md) 151

CMRR is set by the input stage and doesn't change since the bias current is the same.

ry = 0+143 44540 | A, = —22mS(117kQH203kQ) =-1630 | 4, =-3.50(~1630)(0.998) = 5700
550ud
r
0 10 o1k | R, =+ sl 1 LT 60
40(49.5u4) Zui  Bu+l 40(495m4) 101
CMRR and input resistance are set by the input stage and don't change.
= T _9920 4 99986 | I.=T | T,,=0 | R, = R, _162K2 03 g
1+7 6921 1+7 1+6920

R, =R, (1+ Ty ) =101kQ(6921) = R, (1+ T) =699 MQ  (Assuming T,,. <<1)
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Page 990

2(500;4A)=1.63V e 163V
2.5mA P 100uA

=163 kQ

Ves; =1+

Ay = —%Jz(o.oos)(loo;m) (16.3kQ) = -8.16

1

A, =- = -,/2(0.0025)(0.0005)| ——— |=-316
= =8l =2 ) )(0.0l(O.SmA))

8, =+2(0.005mA) (0.005mA) =7.07 mS | A, = TOTmS(2kQ) _ oy
1+7.07mS (24Q)

A, =-8.16(~316)(0.934)=2410 | R,= | R=——=— L _1410
g, 707mS

CMRR =g,,R, =1.00mS(375kQ) =375 or 51.5dB

P=(I+1,+1,)(Vyy +Ves) =(57mA) (24V) = 137 mW

Page 991
r (W)L W/L
Aun =~ £ L), | 10= 1/2,51/& —(w/L), _160
VKN (/L) 4 I
Page 997
Vosi + Voo = 0.5mA(4.4kQ) =2.2V | Since the device parameters are the same,

Vosi =Vsga =11V | I, =$(1.1—1)2 =125 u4

, , 0.5mA(2.4kQ)
Since the device parameters are the same, V,, =V, =———==0.6
0.6
I.=(10"" 4) exp| ———| =265
c=[1074) p(o.ozs) =
Page 1000
A, =L =g, "R, =~(50mA/V?)(2¥ -17)(10)"(82) = -40.0
4
A=A, 1__2800_ 400 | |=02(2-1)7 =0.200 ¥ | |v,|<0.2/°(40)=8.00 ¥
" n 10 &
V| < 8 _ 0.800 V
10
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Page 1008

150(18.4k9)
18.84kQ + 18.4kQ

R,—0 | R, =432Q [n }= 32.5 MQ

SO _ 1066 ¥ | Ry, =110kQR70KR = 782 4O
110k + 270kQ

~10.66-0.7—(~15 195 uA
=195 V,=V,, —1,R,, =-10.66 -———=(78.2 kQ)=-10.8 V
78.2kQ +151(18kQ) ud 1V =Veg = LyReg 15 ( )

(-10.8+ 15)2
110k
(-10.8-0.7+15)
P, =
; 18422

(-10.8)2
—0.160 mW | P, =~— ) =0.432 mW
2T 270kQ

75+ 115)
=1.33mW | wuﬂl%kg | 150

DI
195u4 40(195u4)

R,

=19.3 kQ

T

150(18k€2)
78.2kQ +19.3kQ + 18kQ

R, =446kQ|1+

=10.9 MQ

15V

R+R, = m =750kQ | Using a spreadsheet with /, =200 ud yields V,, =9V.

R = 750kQ(

9-0.7-1.33ud(180k22
9V)=450k€2 | R=300Q | RE—ISO[ pA(I80KQ)| 0 ke

15V 151 200u4
(75+15—8.3) 150(40.042)
Rout = 1

+
1804€2 + 18.75k€2 + 40.0k€2

- =10.7 MQ
2x10°
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Page 1011
VsV oie | 202m4) ey
=V.. - =l+,—————=1.
@I 2.49mA | V?

V,=V,+140 = —15+O.2mA(18.2kQ)+1.4O =-996V

n

K, 25uA/V? 1

n

W _K, 249mA/V® _99.6
L

Ve=-15+10R, 4072 —15+%(200,uA)(18.4kQ)+0.7 --106 V

aF
P, =(02mA) 18242 =028 mW | I, =——2Y 2201 uA
5 499kQ +249kQ2
P, =(20.14A) 499kQ = 0202 mW | P, =(20.1uA)’ 249kQ=0.101 mW
V=15v— 210K 105y 1 Z102-V,, -180001, =—15 V
510kQ+ 240402

2.49mA

48—V, —18000 (Vs=1)"=0 | V=139V | I, =189 uA

1 [2(249x107)

R =u.R
Mt =001V 189510

out

N

[1+0.01(11.6)](18kQ)=10.3 MQ
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CHAPTER 16

Page 1033
R, =10kQ(1+02)=12kQ | 12kQ(1-0.01)<R<12kQ(1+001) | 11.88kQ=<R<12.12kQ

Page 1036
2(150
Visi = Viw + Pl | Vosi =1+ E .UA) — Ve =2.08 7V
K, (14 AWy, ) 2500/ V>[1+0.0133V, ]
1 150 1+0.0133(10) 165
o 1+0.0133(2.08)
27 2(150uA4
Vis 2Vas =V |V =(-107)= ?D |V, =-10V + W =-891V
Page 1037
MR, _2 ¢33 MR, _2T 6400 | MR3=M=2.5
3/1 5/1 3/1

Voo =1V + Z(L“A)z=2,16 Vo MR1=8.33L2(15)=10.4
3(25uA/V?) 1+0.02(2.16)
2(50uA) 1+0.02(10)
Vo =1V 4 [————2 =189V | MR,=0400 ——— L =0.462
5(25uA/V?) 1+0.02(1.89)
Vo =1V + M =216V | MR, =2,5L2(12)=2_97
3(25u4/V?) 1+0.02(2.16)

Page 1039
) - =Isexp(VBEl )(1+ Vi, + 2 )
VT VA] ﬁFO
100uA = (0.1f4)exp(40V,,, )(1 AT i) -V, =0.690
50V 100

Vo, 2V, =V.=-V, +0.690 V
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Page 1040

()MR _@_05 | MR, _5—A_250 | MR, _ﬂ_mo
A 2A A

(b) MR, —£=0.490 | MR, = 2:50 =239 | MR3—i—4.02
1.5 35 53
I+— I+=— I+==
75 75 75
1+ég 1+é(5) 1+650
60 75 60 75 60 75
Page 1041
10/1 20/1
I, =100uA 200 uA | I,,=100uA 400 uA
02 M(S/l) u 03 M(S/l) u
40/1 2.5/1
I ,=100uA 800 uA | I1,.=100uA 50 uA
04 M(S/l) u 05 M(S/l) u
122000400200 ot ia 11 = 40004 H0020) _uns s
o = 002(2) 3 o T T 0.02(2) 3
1+0.02(12) 1+0.02(8)
=800uA———L=954 uA | I,.=50uA———~ =558 uA
o T 002(2) 2 os T 0.02(2) “
l,, =10uA—— = =746 uA | IO3=5(7.46MA)=37.3 uA | IO4=10(7.46MA)=74.6 UA
1+—
50
1+;(()) 1+;(())
50 50 50 50
1+;(('))
104 =100‘MAW=886 ‘LLA
I+—+—
50 50
Page 1042
1 10-9.
MR=+=9.957 ] FE=%.957=4.3x10"3 | Vg, =Vapy + Vigps =14V
1+
50(51)
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Page 1043

MOS
1+0.02(10
1, =200MAA=231 wt | R, =IOV 60 ko
1+0.02(2) 231ud
1+0.02(5
I, = 400uA—() —a3ud | R, =22+ 13040
1+0.02(2) > 423u4
BIT
1+ E
I, =10ud—39 101w | R,,=2 1V 504 mo
07 17 10.1ud
I+ —+—
50 100
10
+3 500 + 10V
I,=50ud—0 — _507ud | R, =" =1.19 MQ
07 17 50.7u4
I+ —+—
50 100
Page 1044
1,07V 1, Jov
_ 50V _ _ 50V
I, =100uA—5=2W— =89.4uA | I, =500ud—5=20V—529uA
I+—+— I+—+—
50V 50V 50V 50V
Rt 1 _ogoQ | p=2PHA 59 g g OVHIOV 4300
g 40(89.4uA) 89.4uA 529uA
Page 1045
; 1, Jov
2(100uA ov
Voo =V, =075V + W =120V | I, =100uA1 510;/ =117 uA
50V
R =1 - ! —2244Q | n=THA 147 1 g, SVHIOV Si300
sm\[2(107)(107) 100uA 117uA
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Page 1046
_n In Trer Aps | _ 0.025V IOOMA
Iy \ 1y Ap 25uA " 25

K=1+1n| 2% s) 400 | R =4 — ISV ) 120 M@
25u4 25u4

) 3000 €

Page 1047
Ve[ Laer A 0025V (1000ud) s s,
R\ I, 4, 100Q I,
Kelatn| 2% 10l 0000 | R, =220 —"Y|_550 ke
300.54 uA 300.54 uA
Page 1048
1 Pl |y e )} 1 2000w)f [ g, 1
° R\ K, Luge (WIL), ° 2kQ\25u4/ 17 200u4 10
IO
1, =2.00mA|1- — I, =764 ud
mA
= M(l + 2000\/2(2.5x10"4)(7.64x10'4)) =176 kQ
764u4
Page 1051
P _IO[SOVHISV o950 | R = 22V HIV 36 mg
2 2| 50uA 50uA

SPICE: r,=127MQ | R, =1158 MQ
ﬁ=150(1+h)=150(1 143) 193 —
50 50

()Ll[

=1 27MQ(1Z3) 123 M Q2
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Page 1053

2(5x10-5)
VDS2=VGSZ=0'8V+ W=143V | VDS4=15_1'43=13‘6V
1 1
mV+l3.6V mV+1.43V
~ — -4 -5 i . _
R, =W.n, \/2(2.5x10 )(5x107%)[1+0.015(13.6)] S0u Sou 379 MQ
Rom =r = M =1.63 MQ
S0uA
R, = B, _100(67V+143V) o106 | R =r _6TVHISV e
2 2 50uA 50uA
Page 1057
10V =20V
I, =25014ud + ————— =25.008
¢ e ud

Viga 2Vosa =V =02V | Vo, 2V, +02V | V,,2095+02=1.15V

> 207 _ 400 MQ2 | ChooseR , =1GQ.

1,=50ud+0.1% | Al,<50n4d | R

out

OnA
2
r, a2V =1 MQ—pu, =1000 | u, L 2R ko ﬂ(looo) M=2_5m_f
50ud A\ 1, % 2 4
-3
(wrL) =(w/L) _25x07 50 | (w/L) =(wiL) = 1130)_25
2 4 5x107 1 3 o201 1
Page 1058
SV -0.7v 7.5V -0.7V
Loy =————=100 Ippp =—————=158
REF 43kQ Au‘A | REF 43k9 Au‘A
. . VD - (_Vtvs)
Since the transistors have the same parameters, V,, = —
4 -4
I, =1, =210 (1.667-1) =89.0 ud | 1,,=1, = 4x10 (2.5-1) =450 ud
0.025V 5-14 0.025V 75-14
1, = In =101 I, = n =103
77 6.8k 107°(394Q) wd 1 o= sk 107°(394Q) o
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Page 1059

V, (I, A 0.025V
0=ETIH(Q_EZ) | 1,= an[lo(lo)]=115,m

Cc2 AEI

Vee + Vg 2V + Vi, =14V

T =300 K & TCR=-2000 ppm/°C

(p) TC =3300 ppm/°C - (-2000 ppm/°C) = 5300 ppm/°C

Page 1061
R= 2 1- /i —8.65 kQ
5(25x10‘6)(10-“) 50
Page 1062
ro Ve[ Lo Aer| 0025875V (25) oo
Iy Iey Ap, 45uA 5

A=A | A,=254,=25A4 | A=A | A, =5584,,=5584

Page 1066

A
Vorar =Vr ln( AE2

El

)= (27.57mV)In(20)=82.59 mV | R = Vorar_ 82.39mV._ 3 3 19

1, 25u4

S1

Vyer =V, In| L1 =(27.57mV )In 2ud) 06792 v
1 0.5 f4

R, Voo +3Vy =V, _ 112+ 3(0.02757)-0.6792
R, 2Vprar 2(0.08259)

=3.169 | R,=3.169R =10.5 kQ

Vio = Vyp + 2% Vorar =0.6792+2(3.169)(0.08259) =1.203 ¥/
1

The other resistors remain the same.
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250uA 2(1250A
Ly =lpu =Ly =1y ==L =125 A | Vg =075V + Wﬂﬂs v
2(125uA
V.. =075V - (—“)2 — 187V
: 200uA/V

Vs =V =V = (5-1.87)=(=175) =488 V | Vg, =V, =187V
M, and M, : (125 uA, 488 V) | M, and M, :(125 uA, 187 V)

G, = g1 =2(2.5x107)(1.25x10) =250 uS

 _T752V+488V 752V +187V
“T125uA | 125uA

R0=r02

=314kQ | A =G,R, =785

Page 1070
1 2K,

AN ps

1 2K,

(’V 2K, 1p, )RSS = X

1
Kn3=Kn2 | [D2=[D3 | CMRR=00167

CMRR = u,:8,,Rss =

( \V 2Kn21D2 )RSS

2(0.005)107 =5.99x10° or 136 dB

D3

Page 1074

Ai .. . . . .
V,s =— where Ai is the difference in current on the two sides of the current mirror.

m

For the buffered current mirror, the error current is Ai = ZI—C
ﬁF04 (ﬁFOll + 1)
i 2(0.025V
Vs = A = I (E) = 2V, = ( ) =772 uv
8n ﬁF04(/3F011 +1) 1. ﬁF04(/3F011 +1) 80(81)

Page 1075

I 150
Avl = (ﬁos IC_Z) = T = 50
C5

For the whole amplifier: A, =AA,A,; | A,=u,= 40(75) =3000 | A,=1
A, =50(3000)(1)=150000 | Note that this assumes R, = .

m
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Page 1076

—1 -1
cmrr=| 2| L L | _|2 L ! = 5.45x10° 135 dB
B, ﬁoZAufZ 2g, R 100 100(40)(75) 2(40)(1 0_4)(1 07)
Page 1081
J L. B 50 s 40(60+14.7)

A, =4 A =2 = —REF _To5 =—=5 A, = A = =1500 =]
dm vl VZAV3 | Avl ICS 05 2 SIREF 10 | v2 2 | Av3
A, = 5(1500)(1) = 7500 assuming the input resistance of the emitter followers is much greater than

. 60V +14.7V
rsand V, =V,,. Checking: 7= W =149 kQ | Ry =P, R, =300 MQ
150
ICS =101C4 =10]C3 _>AE5 =104 | Rid=2rn1 =2W=150k9
Page 1083
22+22-14 0.025V . (1.09mA
Ly =—————=1.09 mA 1 = In — [,=20.0
REF 39kQ | 1 SkQ ( 1 ) 1 Au‘A
234V 21.3V
1+ —— 14220
1,=0.75(1.09mA)——0V— _108 ma | 1,=0.25(1.09md)——0V _ _ 351 4
0.7v 2 0.7V 2
+——t — + +—
60V 50 60V 50
oot din) OBV 0 |7 1
ca1 Ao 18.4u4 18.4u4

Page 1087
2V 46

2(60V)
VCE6=VCE5+ =07+W=190 V

FO6

Page 1090

Ry =R IR o =2r 1.3, = SOH13 )l o S0+13) 20.1MQI 1.1MQ = 7.15 MQ
7.25ud)| "\ 7.16u4

Page 1092

4, =-1.46x10"(6.54 M)

R,,)=-146x10"(6.54 MQ[20.7k2) = -3.01
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Page 1094
50(0.025)

Ry =rps+(Bys +1)R, = — 51(2kQ) =103 kQ
0.0257 [ 0.0257
Ry =Ty + (7 + B )| Ry = et [0216% + 344leH103kQ =794 kQ
50(0.0257')
R, =————=+51(79.4kQ) = 4.06 MQ
0.216mA
-1
R, = (s R s + Fant Vn | (00257 o o 0025V 579kQ+89. Q) oo
- P B, +1 | 0.216m4 0.216mA 51
re=50222 650 | R, =920 07 759
2mA 51
Iy, = 9TV 959 ma | Iy = 0TV 318 ma
27Q 22Q
Page 1097
R vo 5 vo 1
Vo= vy, =K, vv K, =—-=—=0.2 K =—=—=1
o (IEER1R3) 172 M7172 | M ‘vlvz‘ 52 | M ‘VIVZ‘ 12
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CHAPTER 17

Page 1116

2

1 1
. EZ\/W +1000° -2(50)" ~2(0)" =159 Hz | f, sg\/m(f +1000° ~2(500)" ~2(0)" =114 Hz

Page 1117
2005 | 200s(s+100) | o 1100 0410
(s+1000)2 ” |(s+10)(s + 1000)| | 120'9m 081=—— 7~ ®=205 radls
Page 1118
10°

" =——=159 kHz
2

Page 1119
1 1

="
21 2 2 2 2
] fsms) i) (2
10° 5x10° 2x10° ey

Page 1124
The value of C, does not change A _,, @;,, ®p,, @,,, OF W,,.

Wpy == ! =-1000 rad/s | w,,= I -385 rad/s

2ur(13kg] ! 2uF (1.3kQ)
1.23mS

f, = 2L\/41.02 +95.9°+1000% -2(0% +0° +385%) =135 Hz
JT

=21.7 kHz

135

A =102 =4732 | 43kQ|L100kQ 4732 _,

23mS
Note that the SPICE value of g probably differs from 1.23 mS as well.

r,=

r =57.5kQ

1

- =-96.2 rad/s
0.1uF (4.3kQ||57.5kQ+100kQ)

Wp, =

=L 410749627 42027 —2(07 + 07 +76.9°) = 31.8 Hz
)
JU
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Page 1127

140(0.025V
r = % =20.0 kQ | RC, = (1kQ+75kQ|20.0kQ)2uF =33.6 ms | R, = 75kQ[[IkQ =987 Q
u
R,C, = (43kQ+100kQ)0.1uF =143 ms | R C,= (131«9“20'0"?4’; 9879)1OMF =1.47 ms
fLEL( b, r 1 )=124Hz
2ax\33.6ms 147ms 14.3ms
Page 1129
A =B [Py 1200} 100 (4.3521004€2) = ~157
R +R\r 2260 \1.51kQ
R &RL _ 1260} 100 (4.3kQHIOOkQH46.8kQ)=—14O
R +R \r 2260 \1.51kQ

r, 1s responsible for most of the discrepancy. r, and 3, 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(1.5mA)
8u=—g5, ~000mS | RG = (15Q + 243kQ)0.1uF =24.4 ms
R,sC, =(4.3kQ +100kQ)0.1uF =10.4 ms | R,sC; =|1.3kQ L liouF =148 ms
6.00mS
Lsi ! + ! + ! =129 Hz
2n\24.4ms 1.48ms 10.4ms
Page 1131
8, =40(0.1mA) =400 mS | R,C, = 1009+43kQH L V4 7uF =164 ms
4.00mS
RysC, = (22kQ+ T5kQ)IuF =970 ms | f, si( LR )=98.7 Hz
2a\1.64ms 97 .0ms

43kQ250Q

ia = (4.00mS)(22kQ|75kRQ) = 48.5
100Q + 43kQ[250Q

2(1.5mA) 1
g, =———2=600mS | RC,=[100Q+1.3kQ 1uF =0.248 ms
0.5V 6.00msS
1 1 1
R,,C, =(43kQ+75kQ)0.1uF =793 ms | f =— + =662 Hz
25C = )0-1u S 2 (0.248ms 7.93ms)
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Page 1132
100

8, = 40(1mA) =400mS | r,=——=2.50 kQ
0458

RC, = (le +100kQ|[2.5%Q+ 101(3kQ||47kQ)])0.1MF =7.52 ms

R,.C, =| 471 s PHOH ORI, o 405 =L( L L )=

C, - WF=470s | f = + 212 Hz
| 101 2m\7.52ms  4.7s

W L (BADR, R\ 101(3kQ[[47kQ) ( 100kQ )=+0 978

"R+ +(B,+1)R\ R +R, 99OQ+2.5k§2+101(3k§2||47k9) 1kQ +100kQ2 '

Page 1133
R C = (1kQ+243kQ)0.luF =244ms | R,C,= (24k£2+1.3k§2”%)47uF =1.15s
m

fLEL( L ):6.66Hz
2n\244ms 1.15s
1mS (1.3kQ[24kQ
A, =+ Re 8., =+(243k9) ( ” ) =+0.550
R +R;)1+g,R, ~ \244kQ) | 1+1mS(1.3kQ|24kQ)

Page 1137
C
c,=8=-c, c,=

uo
@r | 1+ Ves
quc

40(107
(100 uA, 8 V): C =i=0.551pF | C, =#—0551x10-‘2 =0.722 pF
“ E 277 (500 MHz)
0.6V
2pF 40(2x107) N
(2mA, 5V): C,=——-——==0.700 pF | C,=——————--0.700x10"" =24.8 pF
1,43 27 (500 MHz)
0.6V
40(5x107
(50 mA, 8 V): C, =i=o.551pF | C, =(—)-0.551x10-‘2 =636 pF
/1 L3V 27 (500 MHz)
0.6V

Page 1140
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1
Cos=C;p==C, =05 pF

[\

e 2(0.01)(0.01)
Coo+Cyp = o~ | 5C,,+Cyp = 7 (2OOMIT) " 113pF | C,y=188pF | Cu =938 pF
C 40(20uA
C,=—m . 2PF _gss51pr 1 =80, =M—O.551pF=—0.296 pF
v, 73V w, 277(500 MHz)
1+ [1+——
@ 0.6V
Page 1142
R B
A =——n “R,| | R,=75kQ|1.51kQ+250Q) =143k
R +R \r +r,
=220 104 skafiooke) - -139
2430 \ 1.76kQ
A =R |Pop | 1260} 100 (4.3k0[100kQ) = -157
R+R \r 2260 )\ 1.51kQ
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Page 1152

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

o

CL&=3pF(@)=18.8pF | £, = ! =1.39 MHz
r. 656 271(656Q) (156 +18.8) pF
fe B 00645
27(C,+C,) 2m(199+3)pF
i =&—10-12 =194 pF
277 (500 MHz)
C, = 19.4+1[1+0.064(4120)+ 4120] =290 pF | f, = ! — 837 kHz
656 271(65692)290 pF
£y = —Lm 00035 _sos ppz 1 f,=—8n - 90045 145 Gh,

“27C,  2x(194pF)
A .. =-135 is not affected by the value of f..

mid —

2aC,  2x(1pF)

A=s’ [Cﬂ (CH +CL)+CHCL]+S[CﬂgL +C”(gm +8.0 +gL)+CLg”O]+ngﬂ0

C,=199pF C,=05pF C,=3pF r,,=656Q R, =4.12kQ g, =640mS

C,=0: 9.95x10™s*+3.77x10™*s+3.700x107 =0

MATLAB: roots([9.950E-24 3.771E-14 3.700E-7])— -3.7801x10°rad/s , -9.8373x10°rad/s
C,=3pF: 995x10™s*+3.77x10™*s+3.700x10” =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(4.12kQ)+4120]=30.4pF | fpr = : =5.26 MHz
996 2(996Q)30.4 pF
From8u  123mS o6y g o S 123MS _gg9 g
27Cys  27(10pF) 2aCy,  27(2pF)
= 8. _ 1.23mS 163 MHz
27(Ces+Cy) 2m(12pF)
4120 1
(b) C,=10+2 |1+123mS(4.12kQ)+——|=28.5pF | f, = =431 MHz
1296 27 (1296Q)28.5pF
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Page 1160
1+g,R, =1+0.064(100)=7.40 | R, =250+1560+101(100)=11.9 kQ

10kQ||304Q[11.94Q
o =11.9k0(882+250) <1030 @ | 4,

; = = .821
1kQ + 10kQ||30kQ1 1.94Q
A, = —0.821(27%) =293 | f, = ! = 6.70 MHz
' 2n(1.03kQ)M+O.SpF l+ﬁ+@
7.4 1030
GBW =29.3(6.70 MHz) = 196 MHz
Page 1161
! 3.96mS(17.0kQ2
A= tefe g P 10 =396mS | A=t ( ) g2
1+g R, R 9504 100 1+3.96mS(100Q)
40(0.1mA)
fu= ! =187 MHz | GBW =903 MH?
271(17.0kR)(0.5pF)
Page 1162
Ry =R, |- = 1.3kQHL =265 Q
& 3mS
1
A .. =0726(g,R, )=0.726(3mS)(4.12kQ2)=8.98 | = =9.66 MHz
e (8.,) (mS)( ) Ja 27 (4.12kQ) (4 pF)
GBW =86.7MHz | f, = _3ms =434 MHz
27(11pF)
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Page 1164
100 60.0mS

8n=40(1.5mA) =600 mS 1, =~ =167kQ C, = m—o.SpF =186 pF

Using Eq. (17.138): ,, = 1
{(990Q+150Q)|[1.674Q+101(2.82k2) [} 0.5pF + o 60:)22?5 i)

o 1 A

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

=09867 | A = 0.9867(0.9941) =0.981

(a) R, =1 .3k9||24k9 =123k | A, =0998 3mS(1 '23k9) =0.785
1+ 3mS(1 .23k£2)

fHEL 1 oo~ 509 MHz
27 (11Q430kQ) [ 1pF + 2
1+3.69
1 1
(b) Ju=o— =40.7 MHz
27 (2509+1k9||430k9)(1pF+ 10pF )
1+3.69
Page 1166
=007V 00 ma | g, =401, =400mS 1 r, =2 _37510

93 kQ 40ms
R - Ry|[r. +r, ;(/50 +R,] 9.3k£2||[0+3.751;Q+(151)0.2k§2] 6540
R = %(QRLHM) - l(zoonw)g -302 Q

B, +1 2 151

1

Jr=7—
2 C

4 R, [rx +r,+(B, +1)RE](C;4+1+2£ RL)
Iri =2L ! =6.37 MHz

g {9.3kQ|[3.75kQ+(151)0.2kQ]}1.7pF + 15.5pF

1+2(40mS)200Q
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Page 1170

1 1
= =637 kHz | f, = =633 MH
S S (25MQ)IpF < G (5025k2)0 5pF -
Page 1171
Differential Pair : 4, =-g,R. = -40(99.0u4)(50kQ) = -198
40(99.0
C, =M—O.5pF=O.761pF | 7, =$=25.3 kQ
27(500 MHz) 40(99.0u4)
Ju= ! = 3.18 MHz
271(250R)(0.761pf +0.5 pF|1+198 + SOk
250Q
1
CC-CB Cascade: 4, =——5"/(g R.)= + =499
1+ gml(l)
m2
fy = ! =6.37 MHz
" 2a(50kQ)(05pF)
Page 1172
100 64.0mS
= 40(1.6mA) = 64.0 mS =— =156 kQ - ___0.5pF =199 pF
g = 40(1.6m4) mS = s & 2a(500MHz) " P
it = ——(~g,R,) = 1.56 (~64.0mS)(4.12kQ) = ~153
R +7 +7, 882Q + 250Q +1.56 kQ
1 1
- - =11.6 MH:
= ro(C, +2C,) 27 (636Q)(19.9+ 1) pF -
1 1
= = = 702 MH
Tr: 2aR,(C,+C,) 2m(4120Q)(0.5+5)pF :
Page 1173
0.02(100 0.02(25
for = L ( “A)=159kHz | fo = L ( “A)=39.8kHz
4 Cyopt',y 4m (lpF) 4 Cyppt, 4m (lpF)
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Page 1181
1

X, = =7.69 MQ>>2.39 kQ
271(530Hz)39 pF
X, = ! =300 MQ | 51.8kQ[19.8kQ=143kQ | 300 MQ >>14.3 kQ
27(530Hz )1 pF
X, = ! =239 Q<<1.01MQ | X,= ! =5.08 mQ << 66.7 Q
27(667kHz)0.01uF 27(667kHz )4 TuF
X, = ! =239 mQ << 2.69 kQ
271(667kHz )l uF
Page 1186
. ! —_j3.18Q
27 j(5MHz)0.01uF
f = ! _459 MHz | =2V HVELOV j5040
27,J(10uH ) (100 pF +20 pF) 3.2mA
100kQ|[100kQ
” o _492 1 pw=2IOMHZ g3 344y,

" 27(4.59 MHz)(10uH)

A, = =8, (100kQ[[100kQ

r,) = =,/2(0.005)(0.0032) (100kL|100kQ[19.8k2) = ~80.2

_ 50V +10V -1.6V 100kQ[|100kQ

-
isunchanged | r = =183kQ | Q= =464
. £ ’ 3.2mA ¢ 277(4.59 MHz)(10uH)
Page 1192
2
R IR 5x107cm) 75Q
Ly=—"2 = - ( ) =1.88x10° H

o, 1,(Ves Vi) (400cm? /v - 5)(0.257 )

Page 1194
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 1195

A= 141 | 20log (l) =-994 dB
Arnr =m 1

Page 1198

A = 124 = 2 | 2010g(—) =-3.92 dB
Anmnr =m

Page 1199

From Fig. 17.81(a), the amplitude of the output signal is approximately 70 mV, so the conversion gain
1s approximately:

1 200mV) 1.4 1.4
= 0.7 =— | 20log—|=-7.02dB
Aea IOOmV( )( m ) . | Og( m )

From Fig. 17.81(b), the spectral components at 46 and 54 kHz have amplitudes of approximately 45
mV, so the conversion gain is:

A5my 14

_ —045 | 20l0g(0.45)=-6.93dB | Note: ¥ =0.446
A = Toomy | g043) | =
Page 1212

fo—f, =20-001=1999 MHz | f.+f,=20+0.01=2001 MHz
3f.—f,=60-001=59.99 MHz | 3f.+f, =60+0.01=60.01MH;
5f.—f,=100-0.01=99.99 MHz | 5f.+f, =100+0.01=100.01 MHz

A

Sty = Apep, = 3V

S

- _ T Jemhe
A3fc+fm - A3fc—fm - 3 _1 V

S

Il 206 V

Aspag, = Aspy, = 5
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CHAPTER 18

Page 1221

I
IC4=1C3=1C2=ICl=31=1mA | Vg, =07V | Vyey =07V | V,=0VFV

Veea =5V =V, =5-0=50V | Vyey=5-Vo=Vp=5-0.7-(-0.7)=5.0
(1md, 5.0 V), (1md, 0.7 V), (1m4, 0.7V), (1 md, 5.0 V)

Page 1223
With the output shorted, current cannot make it around the loop, so 7. =0.

T,. =0 is zero only if r,, is neglected since the voltage across r, must be zero for i, =0.

If we include r,, and start at the base of Q, assuming r,| >> and a current mirror gain of 1:

m3

1
Vey = ‘;:11 (1)[ro4 RiB2||RL o4 (1 + gm2rnl)] = (th %)(a)[’h RiBZHRL]
T, = Foal Rigs | Ry = S5KQ5 110402 =0.0579 - non-zero but small compared to 1.
r 55kQ

ol

Evaluating Eq. 18.7 withoutR,, T, = g, , (ra1

r

ol

Ry, ) =0.04(55kQ| 55kQ|5.1kQ) = 172

Page 1229

T = [g ml(R3

R] RiEl
i Jelal[ %)

R, 1kQ|2.5kQ2
T, =T, (1+g,.R,) =-2.01 [1+0.045(3002)] = -19.2
R3HR1'32
19.2 D D
4,=10 =950 | NowR,=r,=0 | R =317kQ | R, =1.74kQ
1+19.2
Scaling using the previous result : 7, = -19.2 1861 _ 17.8 | R, =31.7kQ 1+17.8 596kQ
2.01 1+0
-1
R, =174k2 Y _861Q | Removing®,: R, =|—— - | =868Q
1+19.2 86.1 10
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Page 1231

R = RxDﬂ | Rf = R3HR1'D1HR1‘GB = R;(2r,|Ris3 =3k9”°°”°° = 3kC2
1+ 7,
1+0
Too =0 | T,,=T=61.1 | R =3kQ =483 Q
1+61.1
I 1.63V —(-5V)
[D2=[D1=3=0‘500 mA | 1,,=1,=2.00mAd | I, =W=0.510 mA
2(0.5m4)
Visi =35+ Vgs | Vg =1+ “lomAd =132V | Vp,=35+132=482V
m

Vi, =5+132=632V | V53 =5-1.63=337V | V5, =5-V,=500V
(0.5 mA, 4.82 V), (0.5 mA, 6.32 V), (0.51 mA, 3.37 V), (2 mA, 5.0 V)

Page 1235
R. appears in parallel with r: 1 = r””Ri = 4.69kQ||10kQ =3.19 kQ
: | 3.19kQ
T=g,(Rc|(R:+7,) ro)(r]; R ) = 0.0325(5kQ|(S0kQ+ 3.19k9)||62.4k9)(3.19k9+ SOkQ)
7-8.17 | A=A T __soa 817 _ 44510
1+T 1+8.17
RY =r|[(R. +Rc|r,) = 3.19kQ|(50kQ+ 5kQ 62 4kQ) =301 kQ | T =0 | |T,c|=[T|
R =301k@—*Y _350
1+8.17
RY = R||r,|[(R, +1.) = 5kQ62.4kQ|(50kQ+3.19kQ) = 4.26 kQ | Ty =0 | |T,.|=|T|
R, =4260Q—"Y _463 0
1+8.17
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07/20/15



Page 1236

g B R, | [ 451kQ 10K \_ e
R+R,)\R,+R ) |2kQ+340Q)\336Q+10kQ '

. R, ) [ 451k 2kQ ) _ 5o,
" \R+R,\R,+R, 10kQ + 340Q )\ 336Q + 2kQ '

s . | R VY | g, = L L) _250ms
R.+ A, 50kQ-48.5kQ R \1+T) 12Q\1+32.3
R, = RF+L L. 50k + 1 ! =1.51kQ
g s \N+T 2.5mS \1+32.3
Page 1240

T is the same: [T|=306 | A/=1 1 A=A L =1( 306 )=0.997
1+T 1+306

1

R, = RF||L = 10kQ)

=307Q | T,.=0 | |TJ|=|T
= R = 10k0 . Tocl =7
R =309 _100 @

1+306
Page 1241
T is the same: |[T|=306 | A“'=1 | A =A"" T (3% )=0.997
1+T 1+306

b 2 | 1 1
R, =r,|1+g, — ||— = 600kQ| =500 Q | [T,.|=306

o N & 2.00mS

Note: The impedance looking in the source of a transistor with a high resistance load of r, is
2/g,, rather than 1/g .

3.16mS (10kQ
Ty ==5m2 (21, |1, SusRe __3.16mS (400kQ|2004<) mS(10kQ) _ 1,
2 1+g_ R, 1+3.16mS (10kQ)
R, =500QF2%% 3340
1+306
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Page 1244

T is the same: |T| =152 | A= B -1 1 A =A% r__ —1( 152 )= -0.993
R, 1+T 1+152
1 1
RY =(R, +R,)||1'alug_m5 = 40kQ||10kQH3‘16mS =304Q | T=0 | |T]=|T|=152
R, =304 _199 0
1+152
Page 1246
There are approximately 15 cycles in 0.8 usec: f = li)c; cles =18.8 MHz
ReYZA)
Page 1246
T I 4/2(0.01)(0.0005)
- &m =A2K I = fo=— = 83.9 MHz
Jr 21 Cys + Cyp & Ao | I =tn=0p S5pf +1pF
2(0.004)(0.0005 2(0.01)(0.002
o L0000 o)
27 Spf +1pF 2n Spf +1pF
Page 1256
G =g,= \/2(10-3)(5x10-5) _0316mS | R =r i, = ! =500 kQ
224, 2(0.02)5x107
£ [ G| L[0316mS) oy g,
2\ C.) 2m\ 20pF
AR R N N (N S U ! 158 1
27 |R,Co(1+ 4,)| 27| RC(1+uy,)| 27 { 2(0.001)
500kQ(20pF |1+ ;
0.02 | 5x10°
83 ©R. C. Jaeger and T. N. Blalock

07/20/15



Page 1257

0 12(0.001)5x10™ 1 !

fat s _ ~7.96 MHz | R=

2w C. 2m  20x107%

L ~1.00 kQ
s \/2(0.001)5x10'4

G, = 8,, =40(5x107°) =200 mS | R, =7, = MO 4sak0

40(5.5x10'4A)

40(5x107*
ﬁ=LJ£%J{ﬂWf}m6M%|/f§{&ﬂ~L—L——)ﬂ%Mm
JT

22\ C.) 2x\ 30p C.) 2m| 3x10™
/L I P : _ 584 H:

27| rusCe(l+ 1) | 27| 4.54K€(30pF )1+ 40(50)
Page 1260
sR=1904 5 50x100 Y~ 5.00

20pF s us
sp =100 _ 5 01007 5,00

20pF s us
Page 1264
G, = 8,0 =40(25x10%) =100 mS | f, =——| o2 | _LIIOOMS) _y55

27\ C.+C,; ) 4m\ 50.8pF
b 00— tan [ 1STMAZ) [ (1STMHZ) [ ((1STMHz) | (1STMHz) o o
142 MHz 173 MHz 192 MHz 206 MHz
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Page 1268
Vv Vv

sR=_ N _AmA 1510y 2154V
C-+C,,s O5pF s us

30° = tan™ (L) +tan”' (L) +tan”' (L) — f, =16.6 MHz
49.2MHz 82.1MHz 100MHz

_ 65pF( 8.5MHz

C

——— |-2pF =313 pF
16.6MHZ) b b

(a) I,5=1,,=500 uA | I,;=1mA | Currenterror Al =500uA | g, x\W/L

V= Al _ Al _ 500uA 1085 mV
G . Ag 433ms
ml2 vi&m5 -192
V2
(b) I,5=31,,=1500 uA | I,,,=1mA | Currenterror Al =-500uA | g, o\W/L
Vyy =L A DORA 049 my

oS

Grin Aulrs —192(—4.33me/1 .5)
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For the Hartley circuit in Fig. 18.34(a), Z, = joL, and Z = joL,

Z, = joL,[1+g, (joL)]+ joL, = jo(L +L,)-w’g,LL,
Re(Z,)=-w’g,LL,
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When the circuit is drawn symmetrically, capacitor 2Cgp 1s replaced with 2 capacitors of value 4Cgp
in series. The circuit can then be cut vertically down the middle to form a differential mode half-

circuit. The total capacitance at the drain end of inductor L is Cgq = C + Cgs + 4Cqp.
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fp = 1 =5016 MHz | f,= ! =5.008 MHz
31.8fF |7 pF 31.8 fF\25pF
2w |31.8mH M 2x_|31.8mH fF( P )
7.0318 pF 25.0318 pF
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