MICROELECTRONIC CIRCUIT DESIGN

Third Edition

Richard C. Jaeger and Travis N. Blalock
Answersto SelectedProblemsbUpdated 1/25/08

Chapter 1

1.3 1.52years5.06years

15 1.95years6.46years

1.8 113MW, 511kA

1.10 2.50mV, 5.12V, 5.885V

1.12 19.53mV/bit, 100011109

1.16 0.002A, 0.002cos(100Q) A

1.19 vps=[5+ 2sin(2500Q) + 4 sin (1000)] V
1.21  15.7V, 2.31V, 70.0uA, 210uA

1.23  120uA, 125uA, 10.3V

1.25 39.6Q, 0.0253v;

1.27 56 kQ, 1.33x 10° v;

1.29 1.00MQ, 2.50x 10% i

1.33 5/-45°,10Q-12°

1.35 -90.1sin 7501t mV, 11.0sin 7501t uA
1.37 1+ RJRy

1.39 -1.875V, -2.500V

1.41  Band-pass amplifier

1.43  50.0sin (2000%) + 30.0c0s(80007) V
145 0V

1.47 [2970Q, 303(R2], [28502, 315(02], [27002, 33002]
1.52 62002, 800 ppmfC

1.58

3.29,0.995,-6.16;3.295,0.9952,-6.155



Chapter 2
2.4  ForGe35.9/cm’, 227 x10"%/em?, 8.04 x 10'%/cm?

2.7 "1.75x10°cny’s, +6.25x10° cny's, 2.80x10* A/cnr’, 1.00x10 ' A/enr

2.8 305.2K

2.10 4 MA/cn?

2.13  1.60x 10" A/lcn?, 4.00A

2.15 316.6K

2.19  Donor, acceptor

2.20 200V/cm

2.22  5x 10 atoms

2.24  4x10%cm’, 2.50x 107cm’

2.28  6x10%cm’, 16.7/cnd, 5 x 10%cm’, 8.80x 10*%cm’

2.30  3x107/cm’, 333/t

2.32  100/cm, 10"%cm®, 375cnt/s, 100 cni/s, p-type, 62.4 mQ-cm

2.34  10"%cm?’, 10%cm®, 800 cn/s, 1230cm’/s, n-type,0.781Q-cm

2.38  3.06x 10%cm’

2.40 YesNadd equalamountsof donorandacceptoimpurities. Thenn = n; = p, but the mobilities are
reduced. SeeProb.2.37.

2.42  2.00R-cm,3.1x 10"%cm’,

2.44  75K: 6.64mV, 150K: 12.9mV, 300K: 25.8mV, 400K: 34.5mV

2.46  -1.20x10° exp(-5000x/cm) A/lcm?; 12.0 mA

2.48  Thewidth in thefigure shouldbe 2 um: Forx = 0, -535A/cm’

250 1.108um



Chapter 3

3.1

3.3

3.6

3.10
3.13
3.17
3.20
3.21
3.22
3.25
3.28
3.31
3.34
3.37
3.39
3.41
3.43
3.45
3.49
3.51
3.53
3.56

3.59
3.65

3.69
3.71
3.73

3.76
3.78
3.81
3.83
3.88
3.91

0.0373um, 0.0339um, 3.39x 10° um, 0.979V, 5.24x 10° V/cm
10%%cm?’, 10°7/cm’, 10%%cm?, 10°/cm’®, 0.921V, 0.0488um
2.55V, 1.05um

6400A/cm’

1.00x 10°cm’

290K

312K

1.39,3.17pA

0.837V; 0.768V; 0 A; 9.43x 10" A, -1.00x 10 A
1.34V; 1.38V

0.518V,; 0.633V

0.757V; 0.721V

-1.96 mV/K

0.633V, 0.949um, 3.89um, 12.0um

374V

4V, 0Q

9.80nF/cnf; 188 pF

400fF, 10 fC; 100 pF, 0.5pC

9.97MHz; 15.7MHz

0.495V, 0.668V

0.708V, 0.718V

(a) Loadline: (450 uA, 0.500V); SPICE:(443uA, 0.575V)
(b) Loadline: (-667 uA, -4 V);

(c) Loadline: (O uA, -3V);

(0.600mA, -4 V) , (0.950mA, 0.5V) , (-2.00mA, -4 V)
Loadline: (50 uA, 0.5V); Mathematicamodel:(49.9uA, 0.501V); Idealdiodemodel: (100
uA, 0V); CVD model:(40.QuA, 0.6V)

(8) 0.625mA, 3V; 0.625mA,-5V; 0A,-5V; 0A, 7V

(a) (409 A, 0V), (270uA, 0V); (c) (0 A -3.92V), (230uA, 0 V)
(a) (0.990mA, 0V) (OmA, -1.73V) (1.09mA, 0)

(d) (0 A, -0.452V) (0 A, -0.948V) (1.16mA, 0.600V)
(1.50mA, 0 V) (0 A, -5.00V) (1.00mA, 0)

(I, V2) = (792 uA, 4.00V)

10.8mwW

2.25W, 4.50W

17.6V

-7.91V; 1.05F; 17.8V; 3530A; 841A (AT = 0.628ms)



3.94

3.97

3.100
3.103
3.107
3.115
3.119
3.121

-7.91V,0.158F, 17.8V, 3540A, 839A
6.06F; 8.6V; 3.04V; 1920A; 9280A
-20.2V; 1.35F; 42.4V; 10800A; 1650A
3.03F, 8.6V, 3.04V, 962 A, 4910A

278 uF; 3000V; 2120V; 44.4A; 314 A
5mA, 4.4mA, 3.6 mA, 5.59ns

(0.969A, 0.777V); 0.753W; 1 A, 0.864V
1.11um, 0.875um; far infrared,nearinfrared



Chapter 4

4.3
4.4
4.9
4.11
4.15
4.18
4.20
4.22
4.23
4.27
4.30
4.33
4.37
4.38
4.39
4.43
4.44
4.49
4.50
4.54
4.55
4.57
4.64
4.71
4.81
4.84
4.86
4.94
4.97
4.100
4.103
4.106
4.109
4.116
4.119
4.122
4.123

10.5x 10° Flent

34.5uA/V?, 86.3uA/V? 173uAIV?, 345uA/V?
(a) 4.00mA/V? (b) 4.00mA/V?, 8.00mA/V?
840uA; —880uA

23.0Q; 35.7Q

125uA/V?; 1.5V; enhancemennode;1.25/1
0A, 0A, 1.88mA, 7.50mA, 3.75mA/V’
(a) 460uA, trioderegion;1.56mA, saturatiorregion;0 A, cutoff
saturationgutoff; saturationtriode;triode; saturation
6.50mS, 13.0mS

2.48mA; 2.25mA

9.03mA, 18.1mA, 10.8mA

Triode region

1.13mA; 1.29mA

99.5uA; 199 uA; 99.5uA; 99.5uA

202uA; 184uA

517V

40.0uA; 72.0uA; 4.41uA; 32.8uA
5810/1;2330/1

235Q; 235Q

0.629A/V?

400 uA

14 x 18\; 7.9%

3.45x 10° F/enf; 17.3fF

(350uA, 1.7V); trioderegion

(390uA, 4.1V); saturatiorregion

(778 uA, 9.20V)

(134 uA, 4.64V) ; (116 uA, 5.36V)

510kQ, 470k, 12kQ, 12 kQ, 5/1

(124 A, 2.36V)

(@) (33.3uA, 1.01V)

(23.5uA, 0.967V)

(73.1uA, 9.37V)

2.25mA; 16.0mA; 1.61mA

18.1mA; 45.2mA; 13.0mA

1/3.57

(153uA, -3.53V) ; (195uA, -0.347V)



4.125
4.126
4.129
4.131
4.134
4.138
4.141
4.144
4.146
4.148
4.149
4.150

4.04V, 10.8mA, 43.2mA

14.4mA; 27.1mA; 10.4mA

(59.8uA, -5.47V) , | 130kQ

(55.3uA, -7.09V) , | 164kQ

40.1kQ - (138uA, -5V)

Onepossibledesign:220 k2, 200k, 5.1 kQ, 4.7 kQ
(260uA, -12.4V)

(36.1uA, 80.6mV); (32.4uA, -1.32V); (28.8uA, -2.49V)
34.5fF, 17.3fF
6.37GHz,2.55GHz; 637 GHz, 255GHz

690 uA, 86.3uA

10 A, 10° A



Chapter 5

5.4 0.0167,0.667,3.00,0.909,49.0,0.9950,0.9990,5000

5.5 2fA; 1.01fA, -0.115V

5.6 0.374uA, -149.6uA, +150uA, 0.591V

5.9 2.02fA

5.11 5.34mA; -5.34mA

5.14  25uA, -100uA, +75uA, 65.7,1/3,0, 0.599V

5.17 1.77uA, -33.2uA, +35uA, 0.623V

5.20 723uA

5.24  0.990,0.333,2.02fA, 6.00fA

5.26  83.3,87.5,100

5.33 39.6mV/dec,49.5mV/dec,59.4mV/dec,69.3mV/dec

534 6V,50V,6V

5.35 2.31mA; 388uA; 0

5.36 65.7V

5.40  Cutoff

5.42  saturation, forward-active region, reverse-active region, cutoff

5.46  13.3aA, 0.263fA, 0.25fA

5.47 Ic=16.3pA, Iz = 17.1pA, Iz = 0.857pA, forward-activeregion;althoughlc, I, I5 are all very
small,the Transportmodelstill yieldsIc = Srls

5.48 65.7,6.81fA

5.49 62.5,1.73fA

5.50 55.3uA, 0.683uA, 54.6uA

551 6.67MHz

5.563 0.875,24.2aA

555 -19.9uA, 26.5uA, -46.4uA

558 17.3mV, 0.251mV

5.60 1.81A, 10.1A

5.62 0.803V, 0.714V, 27.5mV

5.65 23.2uA

5.66 4.0fF; 0.4 pF; 40 pF

5.68 750MHz, 3.75MHz

571 0.147um

5.72 71.7,43.1V

5.74 72.9,37.6V

5.75 100uA, 4.52uA, 95.5uA, 0.589V, 0.593

5.77 (c)38.7mS

5.78 0.388pFatlmA



5.82
5.86
5.92
5.94
5.96
5.98
5.100
5.103
5.107
5.109

(80.9uA, 3.80V) ; (405uA, 3.80V)
(42.2uA, 4.39V)

(7.5mA, 4.3V)

(5.0mA, 1.3V)

30kQ, 620kQ; 24.2uA, 0.770V
5.28V

3.21Q

616 uA, 867 uA, 3.90V, 5.83V
4.4 percent; 70 percent

The minimum ¢ case (109 uA, 7.36V). Forthe maximumlc casethetransistoris saturated.



Chapter 6

6.1

6.3

6.5

6.7

6.9

6.11
6.13
6.15
6.17
6.19
6.21
6.24
6.26
6.29
6.31
6.32
6.35
6.37
6.39
6.40
6.44
6.47
6.50
6.53
6.56
6.59
6.61
6.65
6.69
6.71
6.72
6.74
6.77
6.80
6.84
6.87

10 uWi/gate 4 uA/gate

25V,0V,0W, 62.5uW; 3.3V,0V, 0V, 109uW
Voo=0V, Voy= 3.3V, Veee= 1.1V; Z=A4
3v,0Vv,2V,1V, -3

2V,0V,2V,5V,3V,2V
3.3v,0V,30V,0.25V,18V, 15V, 1.2V, 1.25V
-0.80V, -1.35V

1ns

1 uW/gate,0.40uA/gate,1 fJ

2.20RC; 2.20RC

-0.78V, -1.36V, 1 ns,1ns,9.5ns,9.5ns,4 ns,4 ns,4 ns
Z=00010011

Z=01010101

2:1

84.5A

0.583pF

1 uW/gate,0.556uA/gate

155k, 1/1.08

(b) 2.5V, 0.0329V, 30.8uW

(a)0.412V, 1.49V

40.9kQ; 1.52/1;1.49V, 0.267V

417 Q; 1000Q; aresistivechannelexistsconnectinghe sourceanddrain; 20/1
1.44V

1.29V, 0.06V

1.40/1,6.67/1

0.106V

ratioedlogic so V= 1.55V, V, = 0.20V; P = 0.24 mW
3.79V

1.014

1.16/1,1.36/1

1.46/1,1/2.48

1.80/1,0.610V, 0.475V

(a) 88.8uA, 0.224V (b) 0.700V, 0.449V
1.65/1,1/1.80,0.821V, 0.440V

2.22/1,1.81/1

6.66/1,1.11/1,0.203V, 6.43/1,6.74/1,7.09/1



6.90 Y =(A+B)C+D)E+F), 6.66/1,1.81/1

6.94 Y =ACE + ACDF + BF + BDE, 3.33/1,26.6/1,17.8/1
6.97 1/1.80,3.33/1

6.100 Y =(C+ E)JA(B+D) +G]+F; 3.62/1,13.3/1,4.44/1,6.67/1
6.103 3.45/1,6.43/1,7.09/1,6.74/1

6.105 7.09/1,6.43/1,6.74/1

6.108 7.24/1,26.6/1,8.88/1,13.3/1

6.110 (a)5.43/1,9.99/1,20.0/1

6.113 Ihs = 2Ipg, PA =2Py

6.114 80mWw, 139mwW

6.116 1ns

6.118 60.2ns,a potentiallystablestateexistswith no oscillation
6.119 31.7ns,4.39ns,5.86ns

6.123 114ns,5.94ns,15.3ns

6.126 78.7ns,10.2ns,9.00ns

6.128 3.52/1,27.8/1,12.8ns,0.924ns

6.130 (a)1/1.68(d) 1/5.89(f) 1/1.60

6.132 -1.90V, -0.156V

6.133 1/3.30,1.75/1

6.134 2.30V, 1.07V

6.136 Y =A4+8B

10



Chapter 7

7.1
7.3
7.6
7.8
7.11
7.13
7.15
7.17
7.18
7.22
7.23
7.26
7.28

7.30

7.33
7.35
7.37
7.41
7.44
7.48
7.53
7.59
7.60

7.62

7.64

7.67
7.69
7.71
7.72
7.78
7.82
7.84

7.91

7.97

173uAV?; 6.1 uA/V?

250pA,; 450pA; 450pA
25V,0V

cutoff, triode, triode, cutoff, saturationsaturation
1.25V, 42.3uA; 1.104V, 25.4uA
0.90V, 16.0uA; 0.810V, 96.2uA
(b) 2.5V, 0.0928V

0.9836V, 2.77mA

1.16V, 0.728V
2.36ns,2.36ns,0.788ns
11.9ns,4.74ns,2.77ns
2.11/1,5.26/1

6.00/1,15.0/1

1.7ns,2.3ns,1.1ns,0.9ns, (C) = 138fF

2.5uW/gate,45.9fF, 80.0fF

1.00W; 1.74W

90.3uA; 25.0uA

0.290pJ,283MHz, 616 uW

aAT, o’P, a’PDP

2/1,20/1;6/1, 60/1

1.25/1

3.95ns,3.95ns,11.8ns

(a) 5 transistorgb) The CMOSdesignrequires47%lessarea.

Y = (4 + B)C +D)E = ACE + ADE + BDE + BCE, 18/1,30/1,15/1
Y = (K+ E)(E+B)(E+E) = AB+CD+EF, 4/1, 15/1

2/1,4/1,6/1,20/1

(a) PaththroughNMOS A-D-E (d) PathsthroughPMOSA-C andB-E
4/1,6/1, 10/1

20/1,24/1,40/1

5.37ns,2.21ns

9.47ns,23.7ns

5.8ns,3.7ns

2 1 2V Y,
Vop = =Vpp — =Vpp: R = H  _ —H c, " 831
bo = 3 Voo = 5 Vop; R = Voo -V M, G

N=8,A=226A,

11



7.101
7.103
7.104
7.106

263 Q, 658 Q
240/1,96.2/1
1.4V, 25V

Latchup does not occur.

12



Chapter 8
268,435,456oits, 1,073,741,824its; 2048 blocks

8.1

8.2

8.5

8.9

8.10
8.11
8.12
8.15
8.16
8.18
8.21
8.23
8.24
8.30
8.31

8.35

8.37
8.41

3.73pAlcell, 233fAlcell
3V, 0.667uV
1.55V, 0V, 3.59V

010 level is discharged by junction leakage current

1.47V, 1.43V
-19.8mV; 2.48V

0V, 1.90;Junctionleakagewill destroythe O1Qevel

5.00V, 1.60V; -1.83V
33.6mwW

402uA, 1.36W

For Cs. = 500fF, 0.266V

0.945V, (The senseamplifier providesa gainof 10.5.)

0V, 1.43V, 3.00V
53,296
2 1 2V,

Voo !' Voo ! SVop: R”

3 2 Vip # Vi

W, =01000110, W5 =00101011
1.16/1

13

H
NM,, ’

; G 2.88G



Chapter 9

9.1 oV, -1.70V

9.2 -1.38V, -1.12

9.3 -1.75V, 0V

9.6 0V, -0.4V; 3.39kQ; Saturationcutoff; Cutoff, saturation
9.8 -0.700v, -1.70V, -1.20V, 1.00V

9.11 -0.700V, -1.50V, -1.10V, 2.67k; 0.289V, -0.100V, +0.300V
9.13 2679,-1.90V, -2.30V, -2.10V

9.15 14.8kQ, 16.0kQ, 93.6kQ, 336 kQ

9.17 -1.10V, -1.50V, -1.30V, 0.400V, 0.107V, 1.10mwW
9.18 0.383V

9.21 0.430V

9.23 50.0uA, -2.30V

9.24  Standardvalues:11 kQ, 150k, 136 k<2

9.28 +0.300V, -0.540V, 336 Q

9.31 5.15mA

9.34 0.13mA

9.38 5009, 60.0mA

9.40 (c)0V, -0.7V, 3.93mA (d) B3.7V, 0.982mA (e) 2920Q
943 Y=A+B

9.45 359ns

9.47 -0.850V; 3.59pJ

9.48 0V, -0.600V,567mW;Y=4+B+C,5vs.6

9.51 5.00kQ, 5.40kQ, 31.6kQ, 113kQ

9.52 1kQ,1kQ, 1.30mwW

9.54 2.23kQ, 4.84kQ, 60.1kQ

9.56 2.98pA, 74.5fA

9.58 160;0.976;5; 0.773V

9.59 0.691V, 0.710V

9.64 40.2mV, 0.617mV

9.66 3V, 0.15V, 0.66V, 0.80V, 33

9.68 68.2mV, 2.47mA

9.72 44.8kQ, 22.4kQ

9.74 5V, 0.15V, 0,-1.06 mA, 31; -1.06 mA vs.-1.01mA, 0 mA vs.0.2 mA
982 8

9.84 234mA, 34.9mA

14



9.88 (I3 Ic): () (135uA, —-16uA); (515uA, 0); (169uA, 506 uA); (0,0) (b) all 0exceptlsy = Ir1 =
203uA
9.94 1.85V, 0.15V; 62.5uA, -650uA; 13

9.96 Y = ABC;1.9V: 0.15V; 0, -408 uA

9.98 1.5V, 0.25V: 0,-1.00mA; 16

9.99 0.7V, 191uA, 59 uA, 1.18mA

9.100 1.13mA, 0,4.28mA, 0, 129 uA, 1.00mA; 0, 0, 0, 0, 1.23mA, 0
9102 Y=A+B+C;0V,-1.0V; -0.90V

9.103 Y=A+B+C;0V, -0.80V; -0.40V

9.104 1.05mA, 26.9uA

9.105 21J;10f]

9.107 1.67ns;0.5mwW

15



Chapter 10
10.2 (a)41.6dB, 35.6dB, 94.0dB, 100dB, -0.915dB
10.3  UsingMATLAB:
t = linspace(0,.004);
vs = sin(1000*pi*t}+0.333*sin(3000*pi*t)-0.200*sin(5000*pi*t);
vo= 2*sin(1000*pi*t+pi/6)+sin(3000*pi*t+pi/6)+sin(5000*pi*t+pi/6); plot(t,vs,t,vo)par
500Hz: 1 0°, 1500Hz: 0.3330°, 2500Hz: 0.2000°; 2 30°, 1 30°, 1 30° 2 30°, 3 30°, 5 30° yes
10.5 35.0dB, 111dB, 73.2dB
10.8 25.1dB, 93.0dB, 59.0dB; Vo = 17.9V, recommendt 20-V supplies
10.13 -10(20dB),0.1V; 0,0V
10.14 vo=[8 B4 sin(100Q)] volts; thereareonly two componentsdc: 8 V, 159Hz: -4V
10.17 24.1dB, 11.2%
10.20 4.12x10°S,-9.90x10°% 1.00,99.0Q
10.22 0.286mS,-0.286,-1710,1.78 MQ
10.23 1.00mS,-1.00,2001,20.0 kS
10.25 53.7dB, 150dB, 102dB; 11.7mV; 31.3mW
10.26 45.3mV, 1.00W
10.30 -7800
10.33 0, x, 125mW, =
10.37 -4.44dB, 26.5kHz
10.39 10k, 0.015uF
10.41 -1.05dB, 181Hz
10.43 60dB, 10kHz, 10 Hz, 9.99kHz, band-pasamplifier
10.44 80dB, «, 100Hz, «, high-passamplifier
10.48 60dB, 100kHz, 28.3Hz, 100kHz
10.56 0.030sin (27¢ + 89.4) V, 1.34sin (100w + 63.4) V, 3.00sin (10%z + 1.15°) V
10.59 0.9565in (3.18x10x¢ + 101°) V, 5.00sin (107 + 18C°) V, 5.00sin (4x10at - 179)V

10,61 2x10°%" o 2x10%"
s+10"" s+10""
10.63 60dB, 16.1kHz, -40 dB/decade
10.64 66dB, 12.8kHz, -60 dB/decade
10.65 10 sin (1000w + 10°) + 3.33sin (30007 + 30°)+ 3.00sin (50007 + 50°) V; Using MATLAB:
t = linspace(0,.004);
A=107(10/20);
Vs = sin(1000*pi*t}+0.333*sin(3000*pi*t}0.200*sin(5000*pi*t);
vo = A*sin(1000*pi*t+pi/18}+3.33*sin(3000*pi*t3*pi/18)+2.00*sin(5000*pi*t-5*pi/18);
plot(t, A*vs, t, vo)

16



Chapter 11

111

11.3

11.5

11.7

11.10
11.13
11.15
11.18
11.21
11.24
11.25
11.26
11.27
11.28
11.30
11.34
11.35
11.38
11.39
11.40
11.41

11.44

11.46
11.48
11.50
11.51
11.53
11.54
11.55
11.56
11.58
11.61
11.64
11.65
11.66
11.70

59.9dB, 120dB, 89.9dB; 5.05mV

Ria = 4.95MQ

0.100mV, 140dB

(a) -46.8,4.7kQ, 0, 33.4dB

(d) (-1.10+ 0.75sin 2500tt) V

30.1kQ, 1.00MQ + 576k, , A, =-20.1,R;, = 30.1kQ
92.5,, 0,83.9dB

(d) (1.98D1.08sin 3250rtt) V

20.0kQ, 1.05kQ, A, =20.0

(0.510sin 3770 -1.02sin 10000) V, 0

-0.3750sin 4000t V; —-0.6875sin 4000rt V; 0to -0.9375V in - 62.5-mV steps
455/1,50/1

-10,110k®, 10k, , (-30 + 15c0s8300rt) V, (-30 + 30c0s8300rtt) V
3.2V, 3.1V, 2.82V, 2.82V, -1.00V; 3.80uA; 3.80uA, 2.80uA
-12,(-6.00+ 1.20sin 4000rt) V

(a) 10 kQ, 100k, 79.6 pF (b) 10 kQ, 100k, 82 pF, 19.4 kHz
T(s)=-sRC

-6.00,20.0kQ, 0; +9.00, 75.0kQ, 0; 0, 160k, O
-70.0,10kR, 0

1A, 2.83V, >10W (choosel5 W)

0.484A; 0.730V; 0.730V; = 7.03W (chooselO W), 7.27W

Vi Vo

, # ; If the voltage gain were finite with value R,, = R(1+ A)

3.99V, 3.99V, 1.99V, 1.99V, 3.99V, 200 uA; -5 MQ !
4.96kQ, #

-1.00kQ

11resistors1024:1

-0.3125V, -0.6250V, -1.250V, -2.500V

3.415469V | Vx! 3.415781V

1.90735uV, 1101000010100011119101111111100111011191
19.1ns

A andB takentogether B andC takentogether

48.0,#, 0

-1080,3.9kQ, 0

8.62kQ, 8.62kQ

-1500,47 kQ, 0,0.010V, 0V, -0.100V, 0V, +1.00V, 0V, -15.0V, OV (groundnode)
2744,2434,3094,1 MQ, 1.02MQ, 980kQ
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11.73

11.77

11.79
11.81
11.82
11.85
11.87
11.89
11.92
11.93
11.98
11.99
11.101
11.103
11.104
11.106
11.107

(b) 0.005uF, 0.0025uF, 1.13kQ
\'A K

Vs $RRCC +gRG(1" K)+C,(R+R)| +1
-1

270pF, 270 pF, 23.2kQ

(a)51.2kHz, 7.07,7.23kHz

(a) 1 rad/s,4.65,0.215rad/s

5.48kHz, 4.09,1.34kHz

10 kQ2, 100k, 20 k2, 0.0133uF

0.759V

2.4Hz

Vo = -ViV/101s

2.62V, 2.38V, 0.24V

0.487V, -0.487V, 0.974V

9.86kHz

f = 0. Vo= 0is astablestate. The circuit doesnot oscillate.
0,0.298V, 69.0mV

13 kR, 30 kQ, 51 k2, 150 pF

18



Chapter 12

12.1  (a)13.49,9.11x10°, 0.0675%

12.3  (a)-9.997,2.76x10%, 0.0276%

12,5 106dB

12.10 100uA, 100uA, -48.0pA

12.11 (a)13.5,371MQ, 169 mQ

12.13 (a)-8.39,5.60kQ, 37.5mQ

12.15 785MQ, 785MQ, 3.75mQ

12.17 If thegainspecificationis met,theinput andoutputspecificationsannotbe met.
12.21 ! 0.374%

12.23 0.869V, 1.00V, 13.1%

12.26 114dB

12.27 60dB

12.29 4.500V, 4.99V, 5.01V, 5.500V, 2.7473V, 2.7473V, 0.991V, -75.4uA, -375uA, +175uA
12.31 -0.026V, -26 mV, 90.9kQ

12.33 +7500,0.667mV

12.36 Thenearesb% valuesarel MQ and10kQ

12.40 -5.00V,0V; -12.0V, 0.182V

12.42 10V,0V; 15V, 0.125V

12.45 220Q and22 k< representhe smallestacceptableesistorpair.
12.47 39.2Q

12.49 +50.0,24.0kQ, 6.00 mQ

12.51 -42.0,3.57GQ, 14.0mQ

1253 3

Vo o, RYBARR)+1

1254 Afs)= 7 gl R& SCR+1

12.55 -33.0,-40.3,-27.0;4.83kHz, 3.65kHz, 10.7kHz
12.56 3 stages270pF, 15.0kQ, 1.5kQ

12.57
1+ 1+
Zout: R) #B $ R) #B
AT iy
)

12.59
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12.62

12.64
12.67
12.69

12.71
12.73
12.75
12.82
12.84

12.88

12.89

re|r R
Z,=R+ Rd‘(l+pb) e s Rs+ R

(1 + A))

(a) A(s)= V(s I

Vs(s)  sRC

W+ wr
(b) A/(S)=_ RC = RC
SZ+S(wB+a)T+1)+wB (S+a)T)(S+ ! )
RC) RC ARC

-20,143kHz; -8000,72.9kHz
Two stages
(a) In asimulationof 5000cases33.5%of the amplifiersfailed to meetoneof the specifications.
(b) 1.5% tolerance.
6.91,7.53,6.35;145kHz, 157 kHz, 133kHz
1.89V/us
10.0V/us
10" Q, 7.96 pF, 4x10, R, notspecified
-1500,47.0kQ, 40.0mQ, 79.9kHz; 50.0mV, 5.00uV, -500 mV, -50.0uV, +5.00V, +3.56
VvV, -18.0V, +18.0V, -18.0V, 0V
2740,3070,2460;1 MQ, 1.02MQ, 980kQ; 21.0m<, 21.8mQ, 20.2kQ; 357 kHz, 371 kHz,
344 kHz
-2380,613 MQ, 98.0mQ, 29.6kHz; 0V, 10.0mV, 49.0mV, 389uV, -3.89V, -3.06V, -15.0

V, +15.0V, -15.0V, 0V
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Chapter 13

13.1
13.3

13.5

13.7

13.11

13.15
13.17
13.19
13.23
13.27
13.31
13.33
13.45

13.46

13.47

13.48

13.49

13.51

13.55
13.56
13.61
13.63
13.65
13.67
13.69
13.71
13.72
13.73
13.74

0.700+ 0.005sin 2000w V; -1.03sin 2000w V; 5.00-1.03sin 2000w V; 2.82mA

(a) C is acouplingcapacitorthatcouplesthe accomponenbf v, into the amplifier. C, is a
couplingcapacitorthatcouplesthe accomponenbf the signalat the collectorto the outputv,,. C,
is abypasscapacitor. (b) The signalvoltageat the top of resistorR, will bezero.

(a) C, is a coupling capacitorthat couplesthe ac componeniof v, into the amplifier. C, is a
bypasscapacitor. C, is a coupling capacitorthat couplesthe ac componenif the signal at the
collectorto outputv,. (b) Thesignalvoltageat the emitterwill beve = 0.

(a) C, is a coupling capacitorthat couplesthe ac componen®of v, into the amplifier. C, is a
couplingcapacitorthatcouplesthe accomponenbf the signalat the drainto outputv,,.

(a) C, is a coupling capacitorthat couplesthe ac componeniof v, into the amplifier. C, is a
bypasscapacitor. C, is a coupling capacitorthat couplesthe ac componenif the signal at the
drainto the outputv,, (b) Thesignalvoltageatthetop of R, will bezero.

(22.5uA, 6.71V)
(1.78mA, 6.08V)
(98.4uA, 4.96V)
(82.2uA, 6.04V)
(307 uA, 3.88V)

(338 A, 5.41V)

(1.25mA, 10.6V)

ThZvenin equivalent source resistance, gate-bias voltage divider, gate-bias voltage divider, source-
bias resistorNsets source current, drain-bias resistorNsets drain-source voltage, load resistor

94.4Q,25TQ,! -0.150V
17.3Q for T = 200K
Errors:+10.7%,-9.37%;+23.0%,- 17.5%
(c) 1.25uA

(188 uA, Ve = 0.7 V), 7.50mS, 533 kQ
(b) +16.7%,-13.6%

90,120;95,75

[-95.0,-94.1]

-40.0

3

-120

Yes,using/cRc = (Vee + Ver)l2
2.5mA; 30.7V

0.500V

No, therewill besignificantdistortion
(b) -314
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13.76 50/1,0.160V

13.77 1.25A

13.79 10%,20%

13.82 (156uA, 9V)

13.83 Virtually any desired Q-point
13.84 400= 133,000 + vrx; (1.4 mA, 215V); 1.6 mS,55.6kQ, 89.0;-62.7
13.85 BJT

13.86 FET

13.87 111uA, 1400

13.88 2000,200,8.00mS,0.800mS
13.91 21.6dB

13.93 0.300V

13.94 (125uA, 7.5V)

1395 0.5V, 28V

13.97 3
13.99 -10.9
13.102 -7.34

13.107 33.3kQ, 94.4kQ

13.109 833kQ, 1.46 MQ

13.111 243k, 40.1kQ

13.113 6.8 MQ, 45.8kQ, independenbf K,

13.115 1 MQ, 3.53kQ

13.117 -336v, 3.62kQ

13.119 -23.6v, 508 kQ

13.116 (b) 1 MQ, 0, -7.45 MQ, 3.53MQ

13.121 -31.8,1.42kS, 982 Q

13.123 -27.0,142 k<, 98.2kQ

13.127 1.38uW, 0.581mW, 0.960mW, 0.887mW, 2.43mW
13.131 0.497mW, 0.554mW, 0.182mW, 16.4uW, 44.3uW, 1.29mW
13.134 V15

13.135 3.38V, 13.6V

13.136 (Vco)/8R., (Vo) /2R, 25%

13.137 0.854V

13.139 2.80V

13.141 2.80V

13.139 1.76V

13.153 2.5V, 8.5V
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Chapter 14

14.1

14.8

14.9

14.10
14.11
14.14
14.15
14.16
14.18
14.19
14.20
14.21
14.22
14.23
14.24
14.25
14.26
14.28
14.30
14.31
14.33
14.35
14.37
14.39
14.40

14.42

14.43

14.45
14.47
14.49

14.51
14.53
14.55

(a) C-C or emitter-follower(b) not useful,signalis beinginjectedinto thedrain(c) C-E (h) C-B
(k) C-G (0) C-D or source-follower

-3.64,2 MQ, 26.5kQ, -3770;-8.03,2 MQ, 10.0kQ, -10000
-32.2,9.58kQ, 596 kR, -27.1;-17.0,11.6 k2, 1060kQ, -17.1
(a)-6.91(e)-240

3.3kQ, 33kQ

-182,-7.10,19.0kQ, 39kQ, 5.13mV

-75.9,-4.23,3.86 kQ, 8.20kQ, 6.30mV, -90
-12.9,-10.1,368kQ, 75kQ, 160mV, -18.8

-3.43,-952,10 MQ, 1,80k, 1.00V

-3560,-6.41,1.55kQ, 95.1kQ2, 5.81 mV

0.747,29.8kQ, 104Q, 9.7

0.907,2 MQ, 1009, 20,000

0.874,7.94MQ, 247Q, #

0.984,45.2kQ, 27.8Q, 0.784V

0.960,1 MQ, 507, 6.19V

0.992,12.6 MQ, 1.34kQ, 0.601V

vi! (0.005+0.2Vge) V

0.999,25.0V

48.7,1.94kQ, 4.92MQ, 0.990;23.6,1.94 kR, 10.1 MQ, 0.969
28.8,1.20kQ, =, 0.600;5.81,1.43kQ, =, 0.714

40.7,185Q, 39.0kQ, 18.5mV

4.12,1.32kQ, 20k, 354 mV

5.01,3.02kQ, 24 kQ, 352 mV

445 Q

633 Q

(", +1r, =154 M

Low Rin, high gain: Either a common-baseamplifier operatingat a currentof 71.4 uA or a
common-emitteramplifier operatingat a current of approximately 7.14 mA can meet the
specifications with V¢ $ 14 V.

Large R,, moderategain: Common-sourcamplifier.
Low Ri, high gain: Common-emitteamplifier with 5-Q input "swamping"resistor.

Common-drairamplifier.

Cannotbe achievedwith whatwe know at this stagein the text.
1.66Q
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14.57
14.59
14.61
14.63
14.65
14.67
14.69
14.71
14.73
14.75
14.77
14.79
14.81
14.83
14.85
14.87
14.89
14.91
14.93
14.95
14.99
14.101
14.104
14.109
14.110
14,112
14.113
14.115
14.117
14.119
14.121
14,122

Vi 1 kHz 2 kHz 3 kHz THD

5mV 5.8 mV 0.335mV (5.7%) 0.043mV (0.74% 5.9%
10 mV 12.4mV 1.54mV (12.5%) 0.258mV (2.1%) 12.8%
15mV 20.6 mV 4.32mV (21%) 1.18mV (5.4%) 22%

479y, 384 kQ

Vi, 297 Q

0.947,0

41.7,-0.167

-9.75,0

-0.984,0.993,0.703V

SPICE: (116 uA, 7.53V), -150,19.6 k2, 37.0kQ
SPICE: (115 uA, 6.30V), -20.5,368kQ, 65.1kQ
SPICE:(12.7 uA, 5.68V), 0.986,10.7 MQ, 2.00kQ
SPICE:(66.7 uA, 4.47V), -16.8,1.10MQ, 81.0kQ
SPICE:(5.59mA, -5.93V), -3.27,10.0MQ, 1.52kQ
SPICE:(6.20mA, 12.0V), 0.953,2.00MQ, 388Q
0.01uF, 270 uF, 0.15uF; 2.7 uF

0.20uF, 270 uF; 100 uF, 0.15uF

1.80uF, 0.033uF

8200pF, 820 pF; 0.042uF, 1800pf, 0.015uF
33.3mA

R1 = 120kQ, R, = 110kQ

ThesecondVIOSFET

45.11 A, ! 55.3- Only slightly beyondthe limits in the Monte Carloresults.
Voltageis not sufficient- transistomwill be saturated.
4.08,1.00MQ, 64.3Q

2.17,1.00MQ, 64.3Q

468, 73.6 kQ, 18.8kQ

0.670,107 kQ, 20.0kQ

7920,10.0kQ, 18.8kQ

140,94.7Q, 113Q

UseC; = 2.2uF, 19.2Hz, 18.0Hz

1.56Hz, 1.22Hz

6.40Hz,5.72Hz

0.497Hz, 0.427Hz

Usel uF for all capacitors;1.42kHz, 1.68kHz
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Chapter 15

15.1
15.2
154
15.7
15.8

15.9
15.11
15.14

15.15
15.17

15.19
15.19
15.23

15.25

15.29

15.31

15.33

15.35
15.37

15.39
15.40
15.42
15.43
15.45

15.46
15.49

15.50

15.51

15.55

15.59

15.61

(20.7 uA, 5.87V); —273,243kQ, 660kQ; -0.604,47.1dB, 27.3MQ
(5.25uA, 1.68V); -21.0,-0.636,24.4dB, 572kQ, 4.72MQ, 200kR, 50.0kQ
(182 uA, 0.92V); -728,-1.05,50.8dB, 27.4kQ, 4.75MQ, 200kQ, 50.0kQ
Ree= 1.1MQ, Re= 1.0 MQ

(a) (198 uA, 4.98V); differential output:-309, 0, « (b) single-endeautput:-155,-0.0965,
64.1dB; 25.2k2, 20.2MQ, 78.0kR2, 19.5kQ
2.593V, 5.663V, -3.078V, 3.94V

Vo=0.991V, v, = 0; Vo= 0.991V; vo = 1.36V, Vo= 0.991V, v, = 0.360V; 5.48mV

(47.4uA, 6.22V); Differential output:-380,0, «; single-endedutput:-190,-0.661,49.2dB;
158 kQ, 22.7MQ

-5.850V, -3.450V, -2.40V

(4.94uA, 1.77V); differential output:-77.2,0, «; single-endedutput: -38.6,-0.661,25.4
dB; 808 k2, 405 MQ, 1.60V

-283,-.00494,95.2dB
-300,-.00499,95.6dB
(107 uA, 10.1V); differential output:-18.2,0, «; single-endedutput:-9.1,-0.487,25.4dB;

OO, ee]
2.4 kQ, 5.6 kQ
(20 uA, 4.32V); differential output:-38.0,0, «; single-endedutput:-19.0,-0.120,44.0dB;

o0, oo
(20 uA, 5.71V); differential output:-38.1,0, «; single-endedutput:-19.0,-0.120,44.0dB;

&, 6o
312 uA, 27 kQ
-21.6,-0.783,13.8, », ®
~3.80V, -2.64V, 48.3mV

-79.9,-0.494,751kQ

(99.0uA, 10.8V); -30.1,-0.165,554 kQ

(49.5uA, 3.29V), (49.5uA, 8.70V); -149,-0.0619,101 kQ

(100uA, 1.63V), (100uA, 3.16V); -13.4,0, =

(24.8uA, 12.0V), (500 uA, 12.0V), 893,202kQ, 20.6kQ, 147 MQ, v,

[-10.6V, 11.3V]
(24.8uA, 11.3V), (4.95uA, 11.3V), (495uA, 12.0V), 9180,202kQ, 19.2kQ, 145MQ, v,

(98.8uA, 14.3V), (300 uA, 14.3V); 551,40.5kQ; 34.6 MQ; v,
[-13.6V, 13.6V]

(98.8uA, 14.3V), (300uA, 14.3V); 27800,40.5kQ; 2.51MQ
(250 uA, 15.6V), (500 uA, 15.0V); 4300,%; 165kQ

5770
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15.63

15.67

15.69
15.71
15.73
15.75
15.77

15.79
15.81

15.83
15.85
15.89
15.91
15.93
15.95
15.97
15.98
15.99
15.101
15.103
15.105
15.107
15.109
15.111
15.113
15.115
15.117
15.119
15.122
15.123
15.125

15.127

15.129
15.131

(250 uA, 4.92V), (6.10uA, 4.30V), (494 uA, 5.00V); 4230,; 97.5kQ
(49.5uA, 15.0V), (360 uA, 14.3V), (990 uA, 15.0V); 12100,101KkQ; 1.80kRQ; 66.3MQ; v,

(250 pA, 10.9V), (2.00mA, 9.84V), (5.00mA, 12.0V); 868,x; 127Q
(300 uA, 5.10V), (500 uA, 2.89V), (2.00mA, 5.00V), 528,x, 341 Q
(300 uA, 5.55V), (500 uA, 2.89V), (2.00mA, 5.00V), 2810,x, 341Q
(99.0uA, 4.96V), (500 uA, 3.41V),(2.00mA, 5.00V), 11400,50.5kQ, 224Q
(49.5uA, 13.0V), (98.0uA, 13.7V), (735uA, 18.0V); 2700,101 kR, 3.37kQ; [undefined,
12.3V]; 0.689mV

No, Rig mustbereduceor R, mustbeincreased.

(24.8uA, 17.3V), (24.8uA, 17.3V), (9.62uA, 15.9V), (490uA, 16.6V), (49.0uA, 17.3V),
(4.95mA, 18.0V), 88.5dB, 202k, 18.1Q

36.8uA

196 uA

22.8uA

5mA, 0 mA, 10 mA, 12.5percent

66.7 percent

70.0mA, 19.6V

23.5uA

6.98mA, 0 mA

25.0mQ

(a) 22.8uA, 43.9MQ

(2) 144 uA, 7.83MQ

Two of many: 75 kQ, 62 kQ, 150 Q; 68 kQ, 12 kQ, 1 kQ

0, ©

88.6 uA, 18.6 MQ

94.6 uA, 13.1MQ

17.0uA, 131 MQ

430 kQ, 200k, 33 kR

97.2uA, 27.4MQ, 201 uA, 11.0MQ, 391 uA, 4.30MQ

44 1A, 22.1MQ, 10.1uA, 209 MQ

100 uA, 6.57x 10" Q

(4.62uA, .62V), (9.34uA, 9.03V); 40.9dB, 96.5dB

! o151 /2, Fortypical numbers20(100)(70)=140,0000r 103dB

3o limits: 1,=199uA £ 32.5uA, Ry, = 11.8MQ + 2.6 MQ

3o limits: 1, = 201uA £ 34.7uA, Ry = 21L.7MQ = 3.6 MQ

2.50mV; 5.02mV; 2%

7.7%,0.813uA, 0.855uA, (los=-42.0nA)
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15.133 25.0mV, 1.2%,0.4%
15.135 84.3uA, 164 uA, 346 uA, 909kQ, 455kQ, 227 kQ
15.137 75.0uA, 150uA, 300uA, 0.124Lsb 0.187LSB, ).613LSB
15.139 274 uA, 383k, 574 uA, 192kQ
15.143 (a) 631 uA, 103k, 1.02mA, 61.8kQ
15.145 507 kQ, 93.1uA; 599k, 93.2uA
15.147 185uA, 299 uA
15.149 472uA, 759 uA; 479 uA, 759 uA; 430 uA, 692 uA
15.151 63.8kQ, 11.8uA, 123 uA
15.153 10
15.155 63.8k<, 0.667
15.157 15.7uA, 5.10MQ
15.159 5.35kQ
15.161 115kQ, 17.0kQ, 0.297
15.163 22.7uA, 18.3MQ; 45.5uA, 9.17MQ
15.165 49.6 uA, 55.8MQ; 146 uA, 19.0MQ; 2770;1.40V
15.169 21.8uA, 80/1
15.171 2/gns
15.173 3.80/1
15.175 17.5uA, 1.16GQ; 20.3kV; 2.11V
15.177 18.4uA, 3.89nA
15.179 (b) 50 uA, 240MQ; 12.0kV; 3.07V
15.181 16.9uA, 163MQ, 2750V; 2Vzr= 1.40V
15.183 2.86 kQ
15.185 (a)64.0uA, 3.59MQ
15.187 8.22kQ
15.189 318 uA, 295uA, 66.5uA
15.193 14.5kQ, 225kQ
15.195 11.4kQ, 210kQ
15.197 I, = 140uA, |, = 47.8uA
St =2.92210° 5,2 =9.9210°

Vee
15.199 n>1/3
15.201 26.4uA

15.203 (b) Iy, = 8.19uA Iy, =7.24uA §° =7.75x107 §° =6.31x10”

The currents differ considerably from the hand calculations. The currents are quite sensitive to the
valueof A. ThehandcalculationsusedA = 0. If thesimulationsarerunwith A = 0, thenthe
resultsareidenticalto the handcalculations.

15.205 5.23uA, 6.00uA, 3.45uA
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15.207

15.209
15.211
15.212
15.214
15.216
15.220
15.222
15.225
15.226
15.227

15.229
15.231

15.233
15.237
15.239
15.240
15.241
15.243
15.245
15.248

15.248

l., = 15.2uA 1., =28.5uA - Similar to handcalculations.
§¢ =1.81x107° § =7.07x10™

462 uA, 308 uA
107 uA

79.1,6.28x10° 122dB

47.2,6.97x10° 117dB

1200,4 x10°, 110dB, 2.9V

(100uA, 8.70V), (100uA, 7.45V), (100uA, -2.50V), (100uA, -1.25V), 323,152
(125uA, 1.54V), (125uA, -2.79V), (125uA, 2.50V), (125uA, 1.25V); 19600
171uA

(b) 100 A

(250 uA, 5.00V), (250uA, 5.00V), (250uA, -1.75V), (250 A, -1.75V), (500 uA, -3.21V),
(135uA, 5.00V), (135uA, -5.00V), (250 uA, 2.16V), (500 uA, 3.25V), (500 uA, 3.21V),
(500 A, 3.58V); 4130;2065

12,600

(250 uA, 7.50V), (250 uA, 7.50V), (250 uA, -1.75V), (1000uA, -5.13V), (330uA, 7.50V),
(330uA, -7.50V), (1000uA, 4.75V), (250uA, 2.16V), (500uA, 5.75V), (1000uA, 5.13V),
3180

(b) 42.9/1(c) 14800

7.78,574Q, 3.03x 10°, 60.0kQ
+1.4V, 2.4V

(a)9.72uA, 138uA, 46.0puA
271kQ, 255Q

Vie= 2.8V, Vee= 1.4V; 3.8V, 2.4V
2.84MQ, 356kQ. 6.11x 10°

(100uA, 15.7V), (100uA, 15.7V), (50 uA, -12.9V), (50 uA, -0.700V), (50 uA, -0.700V),
(50 uA, -12.9V), (50 uA, 1.40V), (50 uA, 1.40V), (1.00uA, 29.3V), (100uA, 0.700V),
(100 uA, 13.6V); 1.00mS, 752kQ

(50 uA, 15.7V), (50 uA, 15.7V), (50 uA, 12.9V), (50 uA, 12.9V), (50 uA, 1.40V), (50 uA,
1.40V), (1.00uA, 29.3V), (100uA, 1.40V), (1 uA, 0.700V), (1 uA, 13.6V); 1.00mS, 864
kQ
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Chapter 16

161 A =50, FL(S)=( joyes Av(s)zSO( > 477 Hz, 4.80 Hz

S+ 2)(s+ 30 S+ 30)

1

16.4 300, , yes,1.58kHz, 1.58kHz
PPN U
# 104‘%] 10° %
52 1
16.7 300, , 0.356Hz, 142 Hz; 0.380Hz, 133Hz

(s+D(s +2)"! s § s $
#+ oo " Toodk,
16.9 (b)-16.5,7.58Hz
16.10 (b)-14.1(23.0dB), 11.5Hz
16.11 1.52uF; 1.50uF, 49.3Hz
16.13 (b) 0.33uF; 1770Hz
16.14
s 1 1
AlS) = A | o, = | 0, = ——F———
(9= A j e 'R R)
CR+R 0

| 2 zerosatw =0
s+ )(s+w,

19.4dB, 151 Hz; -5.0V, 7.9V
16.16 123Hz;91Hz
16.18 -131,50.0Hz, 12.0V
16.19 45.5Hz
16.21 7.24dB, 19.2Hz
16.23 0.739,15.5Hz, 12.0V
16.24 0.15uF
16.25 0.56uF
16.27 Cannotreachl Hz; f; = 13.1Hz for C; = o, limited by Cs
16.29 0.39uF
16.31 308ps
16.33 (a) 22.5 GHz
16.34 -117;-113
16.35 0.977;0.978
16.37 -5100,-98.0,-5000,-100, 2% error; -350,-42.9,-300,-50, 18% error
16.39 Realroots:-100,-20,-15,-5
16.41 -90.0,1.96MHz, 176 MHz
16.43 -15.7,849kHz
16.45 -12.0,2.75MHz, 33 MHz
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16.49
16.51
16.53
16.55
16.57
16.59
16.61
16.62
16.63
16.65
16.68
16.69
16.71
16.73
16.75
16.77
16.79
16.81
16.82
16.85
16.87
16.89
16.91
16.93
16.95
16.96
16.97
16.98
16.99

61.0pF, 303 MHz

1/10 RC; 110 RC; 1IsRC

39.2dB, 5.53MHz

-114,1.12MHz, 128 MHz, 531 MHz
865Q, -31.9,160 MHz

-29.3,7.41MHz

300 Q, 1kQ

-1300;-92.3;-100,-1200
13.1,64.4MHz

9.14,40.9MHz

2.30,10.9MHz

3.19,11.3MHz, 20.6Hz

0.964,114 MHz

-1.46dB, 75.4MHz

Cep + Cosl(1 + gu R;) fOr v << wr
Usinga factorof 2 margin:8 GHz, 19.9ps
672mA - notarealisticdesign A differentFET is needed.
8.33MHz

393kHz, 640kHz

294 kHz

48.2kHz

66.2KHz

568 kHz

2.01MHz

54.3dB, 833 Hz, 526 kHz

22.5MHz, -41.1,2.90

20.1pF,12.6,n = 2.81,21.9pF
15.2MHz; 27.5MHz

13.4MHz, 7.98,112-90°; 4.74MHz, 5.21,46.1/-90°

16.100 10.1MHz, 3.96,-35.4;10.9MHz, 16.4,-75.1
16.103 65 pF; 240,-4.41x10, 25.1kHz
16.105 67.3pF; 40
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Chapter 17

17.1  (b) 2000,5.00,0.05%
17.3  1/101,99.0,-99.0
17,5 80dB

17.7 100dB

17.8  1/(1+AB); 9.99! 10 percent

17.9  (b) shunt-series feedback (d) series-shunt feedback
17.13 8.00x10,20S

17.15 9.96,6.58MQ, 3.18Q

17.17 8.27,1.51MQ, 3.60Q

17.18 0.999,43.9MQ, 2.49Q, 98.9uS

17.21 -36.0kQ; 11.1Q; 0.790Q

17.23 82.2Q; 46.2Q; -32.4kQ; -32.4

17.25 -446 kQ, 50.2kQ, 2.45kQ

17.27 0.973,973Q

17.28 1.00,36.0Q2

17.31 1/10.5kQ, 2.82k<, -1/11,4000;-11.0,35.2Q, 3.57MQ
17.33 -1.00,36.5MQ, 14.9MQ

17.37 B,/(B, + 1), 2/g,, (B, + Dr,
17.39  uw (1 + u) oz, 21.9GQ
17.41 58.9dB

17.43 8.95

17.45 (s/RCy)/[s* + (1/RGC, +1/(R|R)C) + 1/RRC,C, ]

17.47 816

17.49 18.5

1753 41.2Q,21.3Q

17.55 38.0MQ, 2.48Q

17.57  wiloz (1 + s), 1/gns

17.59 80dB, 1 kHz,1 MHz; 101 MHz, 9.90Hz; 251 MHz, 3.98Hz

17.61 100dB, 1 kHz, 1 MHz; (-0.637+ j9.98) Hz, (-6.37+ j100) MHz; (-2.20+ j19.9)Hz, (-6.37+
j49.8) MHz

17.63 19.0Hz, 3.04MHz

17.65 +1,9.99%

17.67 8.1%5.1°

17.69 110kHz; A < 2048;larger

17.71 yes,butalmostno phasemargin;0.4°

17.74 90.¢
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17.75 yes,butalmostno phasemargin;1.83
17.76 12, yes,50°
17.81 26

17.83 phasemarginis undefined;rl'(j! )| < 1for all w

17.85 1.8

17.86 38.4

17.87 10.6MHz, 33.3V/us

17.89 8.1 MHz, -100%; 8.0 MHz, -92°
17.91 159MHz, 50 V/us

17.93 12.5V/us

17.94 21.2MHz

17.96 1/RC,2R

17.97 0.5774/RC,1.83

17.98 63.7kHz, 6.85V

17.100 18.4kHz, 10.7V

17.102 17.5MHz, 20.1MHz, 36.3MHz, 0.211mS, 5.28 uA
17.103 5.17MHz, 4.53MHz

17.105 9.00MHz, 1.20

17.107 7.96MHz, 8.11MHz, 1.05
17.109 7.5MHz, 80 V,,

17.110 7.96MHz

17.111 11.1MHz, 18.1MHz, 1.00
17.112 15.9155mH, 15.9155fF; 10.008MHz, 10.003MHz
17.113 9.190MHz; 9.190MHz
17.114 9.28MHz; 9.19MHz
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