Microelectronic Circuit Design
Sixth Edition - Part I11
Solutions to Exercises

CHAPTER 10

Page 651

(a) —10V—0100V—100 %4
avld—loo— . = m

10V
(b) vig = === 0.002V = 2.00 mV

5000
10V .
() vig = 106 = 1.00x107°V = 1.00 uV
Page 653
A = 360k _ 59 | v, =-5.29(0.5V)=-2.65V
68kQ
0.5V
j=——— =735 | =—i =—-i =-7.35
ll 68kQ Au‘A ’ lo 12 lz MA
Page 655
Viis a dc value
2V
L = Tord " 0513mA | I, =1; =0513mA | Ip = —I, = —0.513 mA
Ay = 22k} _ 5.64 | Vp=-5.64(2V) = =113V
v="3orn - 004 | Vo=-5 -
Page 657
5V
Ay = —R, = 75 =200kQ2 | Ay = —i1Ry; = —2x10%A(4x1075sin2000mt) = —8 sin2000mt
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Page 659

36kQ

A =1+ = ==+4190 | v, =19.0(-02)=-3.80 ¥ | -3.80¥

38 0o
" = 36kQ + 2kQ ud

143252 1400 | 4, =2010g(40.0)=32.0 dB | R, =100k = 100k
1kQ dB in

v, =40.0(0.25V) =100 V| io=%=0.250 mA
39kQ + 1kQ
54
A4 =100=501 1+2_501 R_s500 ;e 0 _0.1ma
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.

Page 662
First exercise: all answers are incorrect! Correct answers appear below.

304€2
1.5k

Inverting Amplifier: 4, = - =-200 | R,=R =15kQ

v, ==20.0(0.15V)=-3.00 V | i _ Yo 2300V 60
° °T R 30kQ

3062 _ 1o | R N0
1.5k i 04

v, =21.0(0.15V) =315V | i, = Vo 315V =100 ud
’ ° R +R 30kQ+1.5kQ

Non - Inverting Amplifier: 4 =1+

Add resistor R3 = 2 kQ in parallel with the opamp input as in the schematic on page 659.

Page 663
3k!)>

3k , .
Vo1 =3V (m =—=9V | Vo =4V (m) =—-6V | v, = (—9sin1000mt — 6s5in2000mt) V
The summing junction is a virtual ground: R;1 = ? =Ry =1k} | Ry = 1% =R, =2k

1 2

I —V"l—(_gv)— 3mA | 1, =0 —<_6V)— 2mA = (—3sin1000mt — 2sin2000mt) mA
1 =g = \3rm) T 3™ | o2 =7~ =3pg) = 72m | v, = (—3sin10007 sin20007t) m

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



Page 666
k1%

2 _273uA
10kQ +100kQ

Since i, =0, I, =

=-00K 100 1 v, =—10(3V-5V)=4200V | 1,=Yo Yo YooV
1092 100k 10022
oy B 5 MO0KQ a5y
R+R,  10kQ+100kQ
1, =200=4585 _ iss a1 -—Y  _455u4
100k 10kQ+ 100k
A =-0%2_ _180 1 v, =-18(8v-825V)=450V | 1,=Yo V- VoV
240 36kQ 36k
voov,_ R _gos 30K2 g5y g 2027810 451 4
R+R, 2kQ+36kQ2 365Q
Page 670
R 26

Ay=—E2=—10%=—20.0 | R =R,=10kQ

1

1
"~ 2(3kHz)(200kQ)

Closest values: R =10kQ | R, =2004kQ | C=270pF

R =20R =200kQ | C

=265 pF

Page 671

R 20
A =-—2=-10=-100 | R =R, =18kQ

v
1

1 1
w,R, 27(5kHz)(18kQ)
Closest values: R, =10 kQ | R, =180 k2 | C =1800 pF

R,=10R =180 kQ | C=

=1.77 nF =1770 pF
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R,=R =10kQ | AV —Lar 1 c- (10V/2)(L)(1ms) =0.05 uF
C 10k2 \10V
\"/
i ° 2 4 6 8 ¢ (msec)
| | | |

-10V—+
Page 675
vy = _re®i_ ~(20kR)(0.02uF )(2.507)(200077 ) (cos 20007 ) = ~6.28 cos 2000 V

dt
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CHAPTER 11

Page 688

5
A‘fdeal =l = 100 | T = A[)’ = & = 1000 | Av = A‘fdeal T = 1001000 = 9990
B 100 1+ 7 1001

v, = Ay, =99.9(0.1)=9.99 V | v, = Vj = % =99.9 uv

5
- \ Los BB g | A" =99 | T=A/3=£=1000
R B R R 100
wear T 1000
= ——=-99——=-98.90
4 =4, 1+T 1001

v, = Ay, =-98.9(0.1)==9.89 V' | v, = % = '91'359V =-98.9 uV

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)

Note that as Specification Sheets are updated over time, the various values may change.

Page 689

4
Ajd“”=l=1+§= + K2 400 | T=A[3=£=250 | Av=Av’de“lL=40@=39.8
B R 1kQ 40 1+T 251

1 1

FGE = =0.00398 or 0.398 % | FGE= T =0.40 %

1+

4
&=_%=_39'0 | B= 1 =L | T=A/3=£=250 |
R 1kQ 1+& 40 40
Rl

Av=Av’de“lL=—39@=—38.8 | FGE = ! =0.00398 or 0.398 % | FGEsl=0.40%
1+7T 251 1+7T T

A‘fdeal - _
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Values taken from OP - 77 specification sheet (www.jaegerblalock.com or www.analog.com)
Note that as Specification Sheets are updated over time, the various values may change.

Page 692
17 B 72202 5 499 | A=T 1 = 499(40) =2.00x10*
R, 0.1Q B
Av = A‘{deali | A‘{deal =1+&=1+%=+40‘0
1+T R 1kQ
T=A4B=10" ke =249.7 | A4, = A" T _ 40297 393
0.054Q + 39kQ + 14Q 1+7 2507
39k9(1.05) 420
A™ =1+ —~ 441 | GE=442-400=420 | FGE=—""=10.5%
1k2(0.95) 40
4 39kQ(0.95) ~3.70
A =1+ — 21 _363 | GE=363-40.0=-3.70 FGE=—""-=-93%
1k(1.05) 40
Page 693
147 B 2002 1999 | A=T 1 =1999(100) = 2.00x10° or 106 dB
0.1Q B
Page 695

Values taken from op - amp specification sheets (www.jaegerblalock.com or www.analog.com)
Note that as Specification Sheets are updated over time, the various values may change.
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10kQ[IMQ 4
R,=R,(1+T) 1T =AB=10" ” LM YF
10kQ|IMQ +390kQ ) 40.39
R, =1MQ [1+248]=249 MQ
P=Yie WV 40204 i1=ﬁv0 | v =Av1d€”’iv[=40&v[=39.8vi
R, 249MQ : +T 249
1=/3)Vo _ 39'8( 14 ):98.5 uA |Yes, i1|>>|i_|
R, 40.4\10kQ
4
If we assume 1MQ>>10kQ, T = AB =10* (%)=£=250
10kQ+390kQ) 40
R, =1MQ [1+250]=251 MQ
Pt WV 30t Py g T 4920, 303,
R,  251MQ 1 +T 251
i1=/3v”=39'8( v )=99.5 uA 1Yes, [i|>>]i]
R, 40 \10kQ
Page 697
R,=R+R, R 1m0 1001 0 | R“'=R=1000Q | 19 or 0.1%
1+ 4 1+10°

7
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Al e R 2R 64
R, 10kQ

R, =R, +R| (R, +R,)=25kQ+10kQ|(91kQ+1kQ) = 34.0 kQ

in

R), =R|[R, + R/ R, ]=1kQ|[91kQ+10kQ[25kQ] = 990 Q
R|R, . 10kQ 25kQ
T=A, =10 -
R,+R,+R|R, 1kQ +91kQ +10kQ 25kQ
Av=Av’de‘"L=10.1 720194
1+T 1+720
R, =R, (1+T)=340kQ(1+720)=24.5 MQ
D
out =ﬂ= 9909 = 37 Q
1+7 1+720
Al e R 2R 64
R, 10kQ

RY =R, +R,+R (R, +R,|R, ) =2kQ+25kQ+ 10k (91kQ + 1kQ| 5kL) = 36.0 k2
RY, =R, |R,|[R, + R[(R, +R,)] = SkQ|IKQ[ 91k + 10kL| (25k2 + 2kR2) | = 826

v, =| 4, R, Vi 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

R()

7| Ve R, 318 25kQ B

v, )R, +R,+R, 9.02kQ +25kQ +2kQ2
AV=AV"’”’L=10.1 8 _10.1

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

m:h:%:l'%g

1+T 1+568

Continued on next page.
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Page 705 cont.

Ajd€“1=1+§=1+%=10.1
R 10£Q
R =R,=25kQ | R, =R =1kQ

R e 10k

T'=4, =10" —————— =990

R +R, 10AQ + 914Q
4, =Ajde“’i=1o.1 90 __10.1

1+T 1+990
R, = R)(1+T)=25.0kQ(1+990) = 24.8 MQ
D

Rout=M_ le =101Q

1+T 14990
gl oy g B IRy

R 104Q

R =R, + Ry + R|(R, + R,) = 5kQ+25kQ + 10k (914 + 15Q) = 39.0 kQ
[R.+ R(R, + R,)] = 160914 + 10k (25K + 5kQ) | = 990 @
Ay, — B oty 10kC2
"M R R+ R, “1kQ + 91kQ + 10kQ
R, =R|(R, + R,) =10kQ|(91kQ + 1kQ) = 9.02 kQ
~Va R, _ 980 25kQ
vy 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
MO 1+T 1+628

R2 =R,

out

v =980v,,

=628

=1.57 Q
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Vi

R” = :— -R|R,|(R-+R) | R: = == R|(Re + B[R,

Page 711
A" = —R, =-91kQ
R. =R (R, +R,)=10kQ|(91kQ+1kQ)=9.02 kQ
R, =R ||(R; +R,)=1kQ|(91kQ+10kQ) = 990 Q
R, _10° 10kQ _
"R, +R,+R, 1kQ+91kQ +10kQ
, = Al T o2 __ 9090
1+T 1+980
_ R} 9.02kQ R 990Q

R, = =919Q R =—2=—"=101Q
1+7 1+980 1+T 14980

A =R, =-91kQ

R, =R,|(R, +R,)=25kQ||(91kQ +1kQ) = 19.7 kQ

R, =R||(R, +R,)=1kQ(91kQ +25kQ) =991 Q
R, 10° 25kQ

"R+R,+R,  1kQ+91kQ+25kQ

g T g 23T _ 91010
+T 1+2137

D D
_R TR g0 koo Ra L P12 0
1+T 142137 I+T 142137

137

in
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Page 716

Atlcdeal - _l = _; = —10_4S
R 10k€2

R} = R, + R|R, =25kQ + 10kQ[1kQ = 25.9 kQ

m

RY, = R, + R|R, = 1kQ +10kQ|25kQ = 8.14 kQ
T=d Y| Ra_ _go90 2K _g999
Vi) Ry + Ry, 0.9094Q + 25kQ
o= e[ BT 0100 ms

R\1+T)  10kQ\1+8770

R, = R)(1+T)=259kQ(1+8770) =227 MQ
R, (14 T)=8.14kQ(1+ 8770) = 71.4 MQ

ut — " out

RO

Page 718

LTSpice Drawing

RO

<— ROUT

RY = R,|(R, + R||R,) = 25Kk (274 + 3kQ1kQ) = 13.2 kQ
RD, =R, + R|(R, + R,) = 1kQ+ 3kQ|(27kQ + 25kQ) = 3.84 kQ

[Rl(RﬁRz—d)]( E)

T=4

T R|(R+R)+ R\ R+ R,
10 3kQ(27kQ + 254Q) 25KQ ) _4sss
O 1kQ+ 3kQ) (274 + 25kQ)(27kQ+25kQ) B

A4, =+10 T =+10ﬂ=+10.0
1+T 1+ 3555

R?  132kQ
R~ = in = =13.
" (1+7) 143555
R,, =R, (1+T)=3.84kQ(1+3555)=13.7 MQ

71 Q
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R, = R||R, =10kQ25kQ="7.14 kQ

A =1+&=1+ 270k =+
R~ 30k

RY = R,|(R, + R||R,) = 7.14k€](270k2 + 30k<1£Q2) = 6.96 kO

RY, = R, + R(R,+ R;,) = 1k + 30kQ(270kQ2 + 7.14kQ) = 28.1 kQ2
pog LBl )]

RIH(R2 + R,.d)+ R\R,+R,
r_10° 30kQ(270kRQ + 7.144Q) ( 714 kO

=248.5
30kQ(270kQ + 7.14kQ) + 1kQ | 270kQ + 7.141@)

A =+10| ——| = 10| 228>} _ 1906
147 1+248.5

R”  6.96kQ

m

R = -
" (1+T) 1+2485
R,, = RD(1+T)=28.1kQ(1+248.5) = 7.01 MQ

ut — *out

=279 Q

Page 726

A 1000
V. =V . ——=0001V|—=|=999 mV | V.,=AV..=100(0.001V)=1.00V
O LA (1001) o o8 ( )

Page 727

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

1V, =50(0.0027") = -0.100 ¥ < ¥, < +0.100 V'

Note that as Specification Sheets are updated over time, the various values may change.

Page 730
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)

R= 39k€2”lk§2 =975 Q

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

1.5mV ; 100nA4

+ + t =15V —1t =6.00 ms
IOkQ(IOO pF)  100pF

Vol(t) = Vos +%t+%t | 1.5mV

12 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Note that as Specification Sheets are updated over time, the various values may change.

Page 731

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

Page 733

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

-1
Ry, =RLH(R2+R1)2520—V=4kQ R +R, E(L—L) = 20kQ

mA 4k 5kQ2
Including 5% tolerances, R, + R, =21kQ2 A =10—>R, =9R,

A few possibilities: 27 k€2 and 3 k€2, 270 kQ2 and 30 k€2, 180 k€2 and 20 k€, etc.

s _ 10v _
fo ~ [09(1004Q)][[0.9(5k2)] 233 ma

Page 735

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

Page 737
v, =Av,+ Vie
CMRR
5.000

ymin A(v,.d b ) = 2500(0.002 - W) =3.750 V

CMRR

v = Al v, + —<— | =2500[0.002 + > 'O?O =6250V | 3750 V <v,=<6250 V
CMR
Page 739
A(1+2CA1/[RR) 10“(1+2 104) 103(1+2 1103)
A4, - al ~1.000 4 = al =1.000
1+ 4/1- 1+10%)1- —— 14+10°)1- ——
2CMRR 2x10 2x10

13 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 740
1

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

CMRR
If both terms make equal contributions: 4 =CMRR = ﬁ =4x10* or 92 dB
Sx
—1 -1

For other cases: CMRR =|5x10"° —l or A=|5x10" - !

A CMRR

-1
A=100dB CMRR = (5x10-5 —%) =2.5x10" or 88 dB

10°

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

Page 741

Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)
Note that as Specification Sheets are updated over time, the various values may change.

Page 745
100 27(5x10° 7
4=100 =10° | w,=2C- ( 5 )=105”=100n g, 2107 5
A 10 10 2
,
A(S)= Wy _ 10'7
s+w, s+100m
4(s)= o, _ 2xx10° _27x10°
w; 2xx10°  s+107
S+—— s+
4, 2x10°
Page 748
90 6
= £ 5x10
A =102 = 31600 =L =" —158 Hz = f8f, =0.01(5 MHz) = 50 kHz
) = = 31600 | Sy =By =0.01(5MHz)
27(5x10° 7 27(5x10° 7
A(S)= (s _ ( ) _ 10'w | (S)— ( ) 10'x
s+w, s+2x(158) s+3167

s+ 2a(5x10%) T s+10°7

Wy

AB =

1 .
p | Forw, >>w;: Aﬂzbfﬁ:f:—jl since w,, = fw,
S+ Wy Jw, J

14 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 750

20 6
A,=10%=31600 | f, =20 _yse 1 p o app < 2MHZ 158 km:
A 31600 10m

) 27(5x10°) 1075

= I Av(s)

27(5x10°) 1077
VT v 27(158)  s+3l6x

Tt 27(16.0x10°) T 5+320x10° 7

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

Page 751
100 6
A =10% =10° | £, =42 1090 150 g | g o gy S JOMHZ_1OMHZ_ (4
4, 10 o0 1000

o, _ 2x(107)  2x107x | A(s)- 2x10°7 _ 2x10"w

A(s)= = = = =
() S+, s+2n(100) s+2007 s+2.02x10° 7 s+2x10% 7

Page 753
5 5
VMSS_R=5x10 Vis _398V | f, - SR =5x10 V/S=7.96kHz
w  27(20kHz) 2V 27(107)
Page 754
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)
. W 2n(8MHz) 1 1
A,=18x10° | f,=8MHz | w,=—"t=———"=88971 | RC=—>=

A 1.8x10° w, 8897
Note that as Specification Sheets are updated over time, the various values may change.

Page 761
2
0.01=exp[- 7t ) | LetK:(lnlOO) | E=q/—— 20826
A1-&2 T l+x
¢y =tan” % —=70.9°

(1/454 +1 —2;‘2)
cos(45°) =48 +1-28% =>£=0420 | Overshoot =100% exp[— \/%] =234 %

Settling within the 10% error bars requires w,t =13. .. w, = 3 . 1.3x10°7ad / s

n 5

N

> (1.3x10°/27)
o, = \/wa2(1+ Aaﬁ) = \/waonﬁ = \/ﬁw,wz | £ =[J;—}T = (01(106)) =428 kHz

15 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 762
LT(jw,)=-180" — 3tan"% —180 »>w, =3
. 5 5 5 8
T (o) = = == | GM=C=1.60 or 408 dB

] (i

Page 766
From the upper graph, the final value of the first step is 5 mV, and the peak of the response is

) _ 5.7 mV. Overshoot = 100% 21" ="V _1 4 o,

Sm

9.5mm

approximately 4mV +2m V(
Ilmm

2
0.14 = exp| —— 2o | | LetK=(_ln0'14) —0.3917 | &=+ =0.5305
1/1_;2 1 1+x

y 2
(1/4?‘ +1 -2;2)

¢,, =tan o5 =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 + SmV 10mm =9.2 mV. Overshoot = IOO%M =84 %
12mm SmV
2
084 =expl——T= | | Letr=|ZM98%) _o3080 | &= |—— =0.05541
1/1_§2 1 I+k
¢y =tan” ST YL

-]

The uA741 curves will be distorted by slew rate limiting.

16 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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CHAPTER 12

Page 784

R,  68kQ
A, =Ay=A,=-2=-2%2_952 | R =R, ,=R,.=R=27kQ
A B C Rl 27kQ A B C 1

-R

outB

The op - amps are ideal : R

outA

= RoutC = O

= R{th = 0

out

A =A,A,A4,. = (-25.2)3 =-16,000 | R =R  =27kQ | R

4=(-25.2)3(27—kg2]€9) 20.99(25.2)3 | (ﬂ) >0.99

R_+27 R +2.7kQ
_ 27K 09950 — R =13.60

R +2.7kQ

Page 789

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

2 2
wH (’UH

1+

I — |+ —
(10000n) (20000n)

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

3
w;, =6.925x10° = w,, =26.3x10° — f,, = %'zﬁ = 4190 Hz
JU
5
4,(0)=-100(66.7)(50) = -3.33x10° \4(w,,)\ = % = -2.36x10°
2
FRSC | PO | PO S
(100007)° || (150007)" || ~ (20000)"
W’ +7.156x10°w’, +1.486x10° w? - 8.562x107 =0
3
Using MATLAB, w, =21.7x10° — f,, = ﬂ;ﬁ = 3450 Hz
JU

4,(0)=(=30)" =-2.70x10* | f, = (33.3kHz)\/2; ~1=17.0 kHz

17 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 795

1304€2

A, =1+ =6.909 | v, =0.001(6.909)=691mV | v, = 0.001V(6.909)2 =477 mV
22kQ

3 4
Vo3 =0.001(6.909) =330 mV | v,, =0.001/(6.909) =2.28 ¥

Vos =0.001V(6.909)5 15T VSISV, vy =V =15V
Voo =157(6.909) =104 ¥ >15 V. vy =V =15V

Page 798

VeV IR, | V=V, IR, | 1=Va=Vs 5001V -4.999%

2R, 2kQ
V,=V,+ IR, =5.001V +1.00ud(49kQ) = 5.05 V

Vy =V, - IR, = 4.999V —1.00ud(49kQ) = 4.95 V

v, = (—%)(VA ~V,)= (—%)(5.05 ~4.95)=-0.100 ¥

=1.00 ud

3

Page 801
w, _w, _
ALP(S)—m | ALP(O)_ a)j 1 or 0dB
For Q = = : ALP(jw) = @, | A (ij)‘z = @, = (L)z
V2 0 + jo20, + 0} (wf - a)é)2 +20 0} V2

4 4 4
20, =w, +W,; > W, =0,

To increase the cutoff frequency from 5 kHz to 10 kHz while maintaining the resistances

the same, we must decrease the capacitances by a factor of IOkII;IZ =2
z
L0 2 Y0E 01 uF | - O‘O;MF =0.005 uF
w’ w’
ALP(jw)= ow | ALP(jwa)= ;)2 =-jo | ‘ALP(jwo) =0
—0’ + jo—2 + -0l + -+

18 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 802
To decrease the cutoff frequency from 5 kHz to 2 kHz, we must increase the

. kH
resistances by a factor of SkHz

Hz
wVR 21

= is unchanged.
0= C 2R 2 2 - Q &

=2.50 = R, = R, =2.50(2.26kQ) = 5.65 kQ

T=\/;RV +le — R’+2RR,+ R, =2RR, = R’ =-R; -- can't be done!

) a0 1 |RR+R) | 1
R1 N R2 dR, (R+R)| 24RR, o 2ROy
Page 803
2
‘ _ K . 0
‘AHP(]wo) =K%_w2+1(3_6()10()w2+w2%=3_1( ! AHP(Ja)O) _—490
- ! ~5.19 kHz

271,[10kQ(20kQ)(0.0047uF ) (0.001F )

-1
_| [10kQ 4.7nF +1.0nF +(1-2) 20kQ(1.0nF) _0.829
20kQ [4.7nF (1.0nF) 10kQ(4.7nF)
Page 804
K do 1 o -1 ) K dQ
S¢ = = —= = -1)= S0 =——==
=ou 9Tk o« (3_K)2( )=0" | oak X
1 3
=———>KQ0=30-1 §¢=30-1=—-1=1.12
Q=7 ~K0=30 « =30 N
Page 805
R, =2kQRkQ=1kQ | f, = ! =879 Hz | Q= BKQ 4 53
2, [1Q(824R)(0.0204F ) (0.02uF) 2V ke

19  ©OR. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 807

SCQ=gd_Q=Q 1 VR, =Clg_()5
' 0dG 0 2\/C1C2 R+R,| 02G
d 1|[C

D s
* QO dR, 2\ ¢, :
S;’”=£dw"=£ —21 __9 _ 4 | s =£di=£ —12 __9 _ 4

w, dR o, \RC w, w, dR o, \ RC ,
o_Kdo _K(NY Ko ph K
K

Q dK Q(3-K)2 0 3-K
v, Rdo, R( w,\dR, R (R;) 1 R
B w, dR w,\ 2R,)dR  2R,\ R’ 2R +R,
® _&da)o_&_wo __l
B w,dR, wo,\ 2R 2
v, Ridow, R o, |dR, R (R;} 1 R
& w,dR o, 2R,]dR,  2R,\ R} 2R +R,
Sga=£ﬂ=£_wo — 1

w, dC w,\ C
go RdO_R(_O\dR, _ R (R))__1 R
B 0drR O\ 2R,]dR  2R,\ R’ 2R +R,
go _Rd0_R(Q)_ 1
0 - - -
* QdR, Q\2R, 2
so _RdO _R(_ O |dR, _ R (Ri)__1 R
" QdrR, Q\ 2R,]dR, 2R,\ R} 2R +R,

SQ—££—2(0)=O | SBW= C dBW= C _BW =_1
¢ BwW dCc BwW\ C

20 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock
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Page 808

(a) R =R, =5(226kQ) =113 4@ | € =228 0004 wr | = 20E
5

=0.002 uF

1
) 270+(11.3k2)(1.352)(0.004125 ) 0.0020F)

(0.004F)(0.002uF
0 = 113K ‘/ )=£=0.471
11.3kQ  0.004uF +0.002uF 3

= 4980 Hz

0.02uF
(b) R =R, =0.885(2.26kQ)=2.00 kQ | C = e é‘s

=0.0226 uF | C,= 0(')08155 =0.0113 uF

1
) 211\/ (2.004Q)(2.004Q)(0.0226uF )(0.0113uF )

2,00k 1/(0.0226uF 0.0113uF) 4
200kQ 0.0226uF +0.0113uF 3

f - 1 o | 0 /glzklgg 1(0.0247)(0.020F) )

= 4980 Hz

0= =0.471

2n\/(2kQH2kQ)(82kQ)(O.O2MF)(0.O2MF) 0.02uF" +0.02uF
The values of the resistors are unchanged. C, =C, = 0.02uF _ 0.005 uF
_ I 35207 | 0- (32422 ~(0.0054 ) (0.005,F ) )
2n\/(1k§2)(82k9)(O.OOSHF)(O.OOSMF) 1kQ  0.005uF +0.005uF
Page 810
Avy=-Sy o 2PE oy 04y
C, 0.5 pF

Vo(T)=0+Av, ==04 ¥ | v,(5T)=0+5Av,==20V | v,(9T)=0+9Av,=-36V

4 F025 F
7 —_fc C.C, 200kHZ P P —10.6 Kz
3pF 3pF

JCC’ 1/3pF 3pF
,/ 1/041”F | BW——”—%—SSO kHz

25 pF 3pF+3pF 0

G o__4PF 500
2R "2C, 05pF
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Page 815

0.01100001, = (27 +27+27%) =037890625,, | 0.10001000, =(2"'+27) =0.53125,,
10 10

Page 816
v, =5'21#(2” +27+2742°42°42')=3.41250 V
()
5.12v 5.12v
Vi === =125 mV | Vyyy ==—==2.56 V
Page 818

Answers are correct

Vs =V,,(000)=0.100 V, | VLSB=M=O.1 Vi

Page 819
2R=1kQ | 4R=2kQ | 8R=4kQ | 16R=8kQ | 32R=16 k2 | 64R =32 k2

128R=64 kQ | 256R =128 k2 | R=500 Q

Page 820
R =R+2R+2R+(n-1)(2R+R)=(3n+2)R | Ry, =(3x8+2)(1kQ)=26 kQ

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

Total

In general: Ry, = R(2°+2'+..42""+2")= (2" = 1)R | R, =(2""-1)IkQ=5114Q

Page 821
The general case requires 2" resistors, and the number of switches is

(2'+27+..42")=2(2" + 27 +..42"") = 2(2" - 1) = 2" -2
2' =1024 resistors | 2'""' -2 =2046 switches.

Page 822
() In general: C,,, =C(2"+2'+..42")= (2" =1)C | Cp,, =(2""-1)1pF =511 pF

=2C+2C+(n-1)(2C+C)=(3n+1)C | Cy,,, =25(1pF)=25pF

0

(b) In general: C,

otal
(c) A 25pF _ 25x107"*
SfF/um*  5x107°

um’® = 5000 wm®

22 ©R. C. Jaeger, T. N. Blalock, B. J. Blalock

06/15/22



Page 823

8
Vi =52—‘8/=19.53 my 112y 2 L8

=61.44 LSB | The closest code is 61,,=00111101,

Page 825
6logl0
log2

2"=10° | n= =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=1.5LSB

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

Page 826
n 12 .
T - 2" _ 2 22048 ms | N = 1 _ 1 _ conversions
Jo  2x10 ™ 2.048ms second
Page 827
- n 12 2600 us | N, = 1 _ RN ~ 167,000 conversions
Jo  2x10 T, o6us second
Page 830
T n 8
v, =LfVR(r)dz AL el ep Ve 2 200V 2 600
RC*, RC Vi Vi fo 512V \1MHz
Page 831
n+l 7 .
=202 27 o131 | N, =k =L =73 comversions
fe 0" Hz T 0131 second
Page 832

In general,2" resistors an(lz” " 1) comparators

2'° =1024 resistors an@Z“’ " 1) =1023comparator
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Page 840

f = 1 =159kHz |

= 306v) =3.00V
° 2" (10k# )(1nF)

_?/5 10kt g’/f+ 24kt ( . 24kt
& 10kH#)& 12k# ) 10k

V

0

$$%
SPICEResults15.90 kHz, 3.33 V

Page 841
Forv, >0, the diode will conduct and pull the output upigo=v, =1.0 V.

V, =V +V, =1.0+0.6=16V

For a negative inputhere is no path for current through$yv, =0V. The op amp
sees a1V input so the output will limit at the negative power supply ="10V.
(Note that the output voltage will actually be determined by the reverse saturation
of the diode v, =" I;R#0.)

The diode has a 20/ reverse bias across gpV, >10V.

Page 843
Vs =+2 V : Diode D conducts,and Q is off. The negative input is a virtual grour

v,="V,,="0.6V. Thecurrentin R is Gov,=0V.
v, ="2V : Diode Q conducts,and D is off. The negative input is a virtual groun

Vo =" Py = 8K ("2v)=+6.18V | v, =v,+Vv,, =6.78V.
R 22kt
The maximum output voltagev§® =15V " 0.6V =144 V.
=8 _uzng |y =14V uyeey
22ki# "3.09

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

Page 844
1 # 1
Vo = 206" 102K ?Z_V =2.00V
20k" $3.24k" * )
Page 846
- _ 1K" _
n =1 Vg = ————10V =10.990 V
R+R K" +9.1K"
V,= 1K 10V =+0.990 V

+—Vcc ST
R+R ©° 1K' +9.1K"
V, =0.990V ! (1 0.990V)=1.98 V
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Page 847

T=orchI "~ | »c_R 688 1
1# R+R, 6.8k$ +6.8k$ 2
%+ 0.5( 1
T =2(10k$ )(0.001uF ) In' — 2% =2197us | f ===455KkHz
(1068 JO00RF)In oy =2197s | =1
Page 851
%l 0.7 (
1 +7*
o R 20 4550 T = (11k# )(0.002uF ) I ———2_*=204 pis
R+R, 22kt +18k# 11$0.550«
& )
% +5\/ . (
-1+o.553?*
T, = (12 )(0.002uF) In:—0’7::13.0 ps | T, =204us+13.0us=334 us
Co1$ T .
& 5 )
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CHAPTER 13

Page 870
60[ 15-0.7
Io=al,=—|——""|=938uA | V., =15-938uA(75kQ)-(-0.7V)=8.67V
c Flg 61 (75/(9)_ u CE u ( ) ( )
60[ 15-v,, | I
Io=apl, =—|——"2_| and V,, =0025VIn|—C | —>1.=947uA, V,, =0649 V
T 61|2(75kQ) | " (O.SxIO"SA) ‘ A Yo
L=—te __ O%THA 4930
v, (O.7OOV)
exp| ——| ©Xp
v, 25.9mV
Page 872
v, =v —-v,=101-0990=0020V | v, =" ;Vz _LOL+0 10y
p, =V —v,=4995-5005=-0010 V | v =" ;Vz _495+5005 549y
vod = ddvid + Acd vic I - Adcvtd + Accvzc
Yod] _ [Aaa Acd“ _ [Aaa [0 02] [ ]= Aga Acd] [—0.01]
Adr Ar{‘ 002 Adr A{'{' 5.001 Ad{' Arr
1+ vy
Vig = V1 — V3 = 4995 — 5.005 = —0.01V | vy = = 4.995 + 5.005 = 5.00 V|

h70d = AgaVia + AcaVic | Voc = AdcVia + Accvicl

220] [002 1.00][Add] | '1.002] [002 1.007[Aqac]
0.01 5.00]1Ac4 5.001 0.01 5.00][A..

Aga =100 | Acg = 0.200 | Age = 0.0818 | A = 1.00

Page 877
Differential output: A, = A, =-20V,.=-300 | A, =0 | CMRR=x

A, 150
Single-ended output: A =+10V..=150 | A = =
g p dm 2 cc cm 300
CMRR =20V,, =300 | CMRR,, =201log(300)=49.5 dB
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Page 880

_IOO(RC )15—0.7

10112 15

Vi =15V Re =530V

L 100( R

101 2R
Page 881

Vv 15V

I = Iy ——2 =100ud - =80
pc = dgs Ry uA 750kQ uA
Page 884
ID—%—l()OMA | Vs =12= 1Ry, + Vg =12 -100uA(62kQ) + Vs = 5.8V + Vg
Vos =Vin + %=VTN+O'2V | TN_1+075(VVSB+O6 VO ) (IZV)

Vi =11.8-V,, | ¥, =1+0.75(1/12.4— Vi —\/0.6) SV, =275V | V, =875V

Q- point : (100 ud, 8.75 V')

Page 885 The problem should refer to Fig. 13.6.
The MOS schematic will be identical except resistors ry are removed.
The analyses are identical to Section 13.1.5 except g =0 and Rig = @

Page 888
R,=2r" 2Vazp SNV _aooms | R.." 24 Ree = 2(40)(60)(1M# ) = 4.80 G
° "1, " 375uA c
— — — 3 T ch — ch — 7
iy = OV —40(37.5/JA)Vdm =15x10%v,,, | i, TR =5.00x10°v,
Page 892
100 15QuA%. 15v
ca=lea 1012 g“ o =TAZPA | = 20K( —— =750UA | Ve =15) 0=150V
Vee =15) 743uAL0K( )) ()0.7)=150V | Ve, =15) (743uA) 7.5uA)(10k( )) ()0.7)=150V
_ _ 75QuA 15 5
Viegs = (743uA) 75uA)(10k( )—0.668V | g _W/ =1.87x10
0.025&

(74.3 pA, 15V), (74.3 pA, 15 V), (750 pA, 15 V)
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Page 895

8400
A" =560 (15)=8400 | 1., =50(1ud) =50 A, = =2210
dm ( ) | C1 ( ‘LLA) Au‘A | dm +§ Soo‘l_,l,A
100\ 50u4
8400
I, =50(1ud) = 50 A, =———— =290
Cl ( AuA) AuA | dm 1+§ SmA
100\ 504
Rm=2r”=2L=50kQ | R, = BV 3040
40(50u4) 0.5mA
Rin=2rﬂ=2L=50kQ | Romsls—V=3.0kQ
40(50u4) 5mA

A =560 (1.5) =840

Page 896
CMRR=g ,R =40 (50;1A)(750k§2) =1500 | CMRR =20 log(ISOO) =63.5dB

Page 897
r 40( 1, r 0.7r 560V
Ay = % el (gm3r03) - Dl Loty (40]c3r03) =800 = (VAS) = -
Re +7,4 2\ R.+r,; Re +7,4 1+&
rzr3
4 - 560V, _ 560V, _ 560V, 560V,
1, 401cR, 1+_40L25%(1¢3) ]A_40@17)4&27 1+:n;(gn)
/3()3 /303 IC2 /503 ]CZ ﬁo3 IC2
Ap™ =560 (75)=42000 | I, =50(1ud) =50 ud
g, =— 2200 000 | o4, 22000450
, 28 (5004 1, 28(5mA
100{ 50u4 100 { 50u4
R =2r =2—2X ___50kQ | R, =r,=220FV 18010
40(50u4) o 0.5m4
R =2 -2— __sora | R, =2 _180k
40(50u4) 5mA
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Page 902
4,=-350 | 4,,=-22mS(150kQ[162k203kQ) = ~1238

0.198S(2kQH18kQ)
T+ 0.1985(2421842)

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

vt3

100 1 74lR, 1 162kQ150kQ2
R =2r,=2———=101kQ | R, =—+ = + =776 Q
40(49.5u4) g B+l 40(4.95m4) 101
P=(1,+ I+ 1I,)(Vee + Vg ) = (100 + 500 + 5000)ud(30V) = 168 mW
150 5mA 0.7V
I = SOMA(E) =497 pd | ley=500ud+ =533 ud | Re = ( 533) =152 kQ
49.7 -2 |ud
150
150
v = e =704 kQ | 4,, =-20(49.7ud)(15.2kQ[7.04kQ2) = -4.68
I, 0497 ma | ro 10 550 r, _T+1A3 s ko
151 40(4.97mA) 533ud
A, = —40(533MA)[168kQH755 " 151(2k9)] — 2304
= 40(4.97mA)=0.199 S = 0.1995(240) =0.998
8 = 40(497mA) =0, | A”’3_1+o.1995(2k9)_ '
A, =—4.78(-2304)(0.998) = 11000
R, =2r DO 15140 | R, = Ll ! LS8 1)k

e 240(49.7,114) " g B+l 40(495mA) " 151

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

50 +14.3
r, = SSJ’TMA —117kQ | A,,=-22mS(117kQP03kQ) =-1630 | 4, =-3.50(~1630)(0.998) = 5700
0o 10 _yoike | R e Lyl L 1T o0

40(49.5u4) €us B+l 40(495m4) 101

CMRR and input resistance are set by the input stage and don't change.

T 6920 R 1.62kQ
= =" -0.99986 T, =T T..=0 R =_—° _
4, 1+7 6921 | Toc | Tse | R 1+7 1+6920

R, =R, (1+ T, ) =101kQ(6921) = R,,(1+ T) =699 MQ  (Assuming T, <<1)

=0.234 Q
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Page 904

Vo [PO0RA) oy g J 18V 60

2.5mA 100 A
Ay = —%\/2(0.005)(IOOMA)(16.31<Q) =-8.16

1
Ay = =8yl = —J2(0.0025)(0.0005) | ———— | = =316
o2 =8t =2 N )(0.0l(O.SmA)
8,4 =/2(0.005mA)(0.005mA) =707 mS | A, = TOImS(2KR) o
1+7.07mS (2kQ)

A,, =-8.16(-316)(0934)=2410 | R,=» | R Lol e

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

P=(1,+1,+1,)(V,, +Vis) =(5.7mA)(24V) =137 mW

Page 905
(WL / wW/L
A =- K',l & | 10=+2.5 & — (W/L) = 160
Ky (W/L)LZ 4 S
Page 911
Vosi + Vigy = 0.5mA(4.4kQ) =22V | Since the device parameters are the same,

Vosi =Vsga =11V | I, =¥(1.1—1)2 =125 ud

, . 0.5mA(2.4kQ)
Since the device parameters are the same, Vi, =V, =———~% =06V
I = (107 4 exp(of)o'gs) =265 ud
Page 914
A, = :—z =~g,n*R, =~(50ma/V?)(2V 17 )(10)’(8Q) = -40.0
A, =4, 1__3090__400 | v,|<02(2-1)r=0200 7 | |v,|=0.2/(40)=8.00 ¥
T . .| <0. : J|=0. :
v | < 8 _0.800 7
10
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Page 918

Rpi G Ro
vgs =0 <—- Rout = Ro
gmvgs =0

LTspice Schematic

Bipolar Schematic. The MOS schematic is the same except Ry is not included. Rou = R, in both cases.

Page 922

$ 150(18.4k#)
R," 0 | R, =432k# &+ )=32.5 M#
§ 188K +18.4k# )

* % %

Vg =*15V — 0% %1066 1 | Ry, =110k [270k# =782 kit
110k# +270k#
*10.66* 0.7* (*15) 195 pA
I. =150 =195 V=V, * R, =%10.66* —— (782 k#)=*108 V
¢ 7824 +151(184# ) HA T Vs = Ve ™ 1o Reg 150 ( )
(10.8+15) (*10.8)°
Po=2— ") 0160 mW | P, = =0.432 mW
| 110k# > 270k#
(10.8* 0.7+15) (75+115)r 150
P, = =133mW | r=n———L =a46k# | r,=————— =193 kit
: 18kt 1954 40(195u4)
$ 150(184# )
R, =446k#& + )=10.9 M#
§o 8.2k +19.3k# +18k# |
* % %
15V . L . _
R +R,, m =750k# | Using a spreadsheet with /, =200 uA yields V,, =9V.
- oy O $9% 0.7% 1.334(180k# )’
R = 750kt =) 9= 450 kit | R=300k#t | R,= 150 ¢ A )) =40.0 k#
15v 1 151g, 20004
- « g 3P 150(40.0/# '
o 15783, ( ) )=10.7 M#

2510 Tg, 180K# +18.75k# +40.0k# )
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Page 925

2(0.2mA)
2.49mA | V?
V, =V, +1.40="15+0.2mA (18.2k# ) +1.40="9.96 vV

Voo ! Vg " Vi =14 ~1.40V

W _K, 249mAlV*® 996
L K° 25uAlv: 1

AN 15+,I—0RE+O.7! " 15+%(200,UA)(18.4k#)+0.7=" 106V

©F

(0.2mAY*18.2k# =0.728 mW | I = ———_ ~20.1 pA

490k# + 240k
Py, =(20.14A)" 499k# = 0202 mW | B, =(20.1uA)° 249k# = 0.101 mW
510k#

Ve ="15V ="102V | "10.2"V,"18000/,="15V
S10k# + 240k#

2.49mA

Py

48" V.. " 18000

(Vos"2)"=0 | V=139V | I,=189 uA

1 [2(249x107)

R _$UR. $ i
ou ¥ Ky s 0.01\ 189x10°°

¥+ 0.01(11.6)( (18k# ) = 10.3 M#
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Page 948
R, =10k" (1+02)=12k" | 12" (1#001)$ R$12k" (1+0.01) | 1188%" $R$12124"
Page 951
2(150uA
Vosi = Vi + _2leee | Vo =1+ E M) # Vo =2.08V
Ko(1+ "Vos:) 250uA/V*[1+0.0133Vpg, |

1+0.0133(10)
I, =150uA =165 uA

1+0.0133(2.08)
$$%
Vs WV, SV, V, $($10V) 9%, |20 V, %$10V 2(150u) =$8.91V
Dsesmlo()?n|o +W--
Page 952
MR, _2M g3 MR, _21 6400 | MR2=M=2.5

3/1 5/1 3/

2(50uA) 1+0.02(15)
Vpsi = =216V | MR =833——M*
3(25uA/V ) 1+002(2.16)
2(50uA) 1+0.02(10)
Viss = =189V | MR,=0400——— 2 =0.462
5(25uA/V 1+0.02(1.89)
VotV |20 o6y 1 g 25 H00202) ) o
3(25uA/V?) 140.02(2.16)

Page 954
Lor =1 exp(VBE‘)(1+ Ve + 2 )
VT VA] ﬁFO
2

100uA = (0.1fA) exp(4OVBE1)(l + :g'; + ﬁ) — V., =0.690

v

Vop 2V, — V. 2=V, +0.690 V
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Page 955

(a) M MR =2A=05 | MRZ———250 | MR,=232=430
A A
(b) MR1:0—155—0.490 | MR2—£305—2.39 | M&:%—4.02
1422 1+22 1+2°
75 75 75
1+ég 1+ég 1+é;
(c) Ma:osm—o.aoa | M%:Zslﬂ—g_z'% | M&=4.BO@—4.30
60 75 60 75 60 75
Page 956
100,uA#10/ 1% 200 A | g, = 100/,1A#20/ 1% 400 uA

l,, =100 A#A'O/ 1§7_ 800 A | Iy, —100,uA#2 el 163_ 50 A

1+0.02(10) _ 02(5) _
lo, =200UA=————X 1 =231 uA | 1., =400u A =423 uA
02 /’l 1+ 002(2) | 03 (2) l’l
1+0.02(12) 1+ 002(8)
los =800UA=————2 =954 uA | |, =50uA——L=558 uA
ot 1+0.02(2) HA | los =S0HAT 00 02(2) g
lo, =10uA 117 =746 UA | 1o3=5(7.46pA)=37.3 uA | Iy, =10(7.461A)=T74.6 LA
1+~
50
1+;8 1+;g
0 :10/,1Am—8.86 UA | I03=50,uAm—44.3 UA
50 50 50 50
1+;8
loa :1oo;1A107fE =88.6 UA
50 50
Page 957
MR=LH=9.957 | FE=%=4.3x10"3 | Veg, =Vag + Vs =1.4 V
1+
50(51)
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Page 958

MOS
1+0.02010
o, :200;1A¢:231MA | R SV*IV _s60k:
1+ 0.02(2) 231u
50V +5V
los = G ):423 A =130k"
03 Qu 1 2() HA | Rous 423A
BIT
10
* 20 50V +10V
|, = 10UA 0 _-101pA | R, =594 M"
1407, 17 10.1uA
50 100
10
1+ 25 50V +10V
|, = 50UA 0 _-507pA | R, =1.19M"
1407, 17 50.7LA
50 100
Page 959
1497V Llov
_ 50V - _ 50V
I, =100uA 0V, 6 89.4UA | 1, =500uA 0V, 529uA
50V 50V 50V 50V
R | L:;:zgo" | n:529'UA:592 | &tzwzllisk"
" gn  40(89.4uA) 89.4 LA " 529uA
Page 960
10V
2(100uA) " s0v
VDSI =VGSI =O75V+ W =120 V | |D2 =1OOMA1+T=117 ‘LLA
50V
R =l _ ! _224kQ | n=MTHA 147 R, 22VHIV Si340
O \/2(10-3)(10-4) 100 A 117uA
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Page 961

=ﬁln(1m AE2)=0.025V (IOOMA ) 3000 O
o \Io Ay) 254 | 25u4

Ket+1| 2951 400 | & 4/ | 2120 Mo
25u4 2504

Page 962
i) | 1S s
o El o
Ket+tn| 204 161 2002 | R =2.202 _ BV | 550 k0
300.54 uA 300.54 uA
Page 963
A | 2o PE) |, o1 PRoowd)( T, 1
"R\ &, Lugr (WIL), ° 26\ 25u4/ V7 2004 10
I,= 2.00mA(1— L ]—> 1, =764 ud
mA
+
= M(l " 2000\/2(2.5x10’4)(7.64x10‘4)) =176 kQ
76414
Page 964
Ip1 = Irgr = Ipoexp (%) | Ipz = 55Ippexp (%‘Z_IDZR) | Ipz =Ips
1y, SSlooexp (Y —m=1oaR) 557, exp (Yas =Yy = loal) )
I, Iy exp (VGsn;TVTN) Iy exp (Vcsn;TVTN)
VGS _ VTN
exp (—V“‘VJ’VVT‘ 225) "
Ipz _—z (55) = = ln(55) =5.610x1077Vy
kT 1.381x10—23(300) 25 86mY o I = 14.5 nA
T T T 1e02xi0-m  o>e0m pz = 2RO T
_ kT _1381x1078G50) oo o
TS T T 1e02xiom o™ pz = 20-71
oo kT 138Lx10723(400) o) o i93aa
T T T ie02xi0-0  Craem pz = 22N
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Page 967
_ B, _150(50V +15V
S0uA

_, _S0V+1sv

: -130 MQ
50uA

out — 2 2

out

)=97.5MQ | R

SPICE: r =127 MQ | R, =1158 MQ

= 1.27MQ(%) =123 MQ

out

/3=150(1+h)=150(1+£)=193%R
50 50

Page 969

2( X "5)
Vieo=V.e. =08V +, | — 2 =143V | V., =15-143=136YV
DS2 GS2 2.5)6'10_4 DS4

L oyiev] L vty
0015

- _ -4 -5 0.015 . -
R, =u.r, \/2(2.5)(10 )(5x107°)[1+0.015(13.6)] S0 S0 379 MQ
R—r SOOTVHISV oo
S0uA
P _JOFOTVAIAIV gy 3y 1 R = < STVAEV 64 mo
2 2\ 50uA 50uA

Page 973

10V 20V
1 =25014ud+ 0V =20V 55008
0 M+ G0 ud

Visa 2Vosa =V =02V | V,, 2V, +02V | V,,2095+402=1.15V

I,=50ud+0.1% | Al,=<50nd | Rou,252§Z=400M9 | Choose R, =1GQ.
n

2
ol =1 MQ—>yu, =1000 | M/.El 2K,k - —0'01(1000) —50“A=2.5’"—f
50u4 1, 14 2 4

-3
(wrL) =(w/L) =%=@ | (w/L) =(w/L) _130)_25
2 4 5x10° 1 3 2l )
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Page 974

5V -0.7V 7.5V -0.7V
I, .=——=100 Loy =——————=158
REF 43kQ AMA | RE, 43k9 ‘u'A
V., ==V

Since the transistors have the same parameters, Vg, = M

4 4
I,=1, = 4x10 (1.667 -1)2 =890ud | I,,=1, = 410 (25 —1)2 =450 u4
1050.025V1n 5-14 101 pd | IOEO.OZSVI 7.5-1.4 103 ud

63k2  107°(304€))

Io _ VEE 610 _ 5V Z‘LLA
VEE o 0Vgg 101uA 2.5V

6.84Q 10“6(39k9)

= 0.040

Page 975
I, =Eln(hh) 1, =292V 10 (10)] = 115 ua
R Cc2 AE] Q

Assume that the collector-base junctions of Q; and Q3 can never be forward biased
Vee+ VEg > Vi3 + Vees + Ve = 0.6V +0+0.6V=12V
Similarly: Vcc + Veg > Veps + Veg2 + VBe1 =0.6V+0+0.6V=12V

However, we know that we can actually forward-bias those junctions by 0.3 V or so and not effect the
transistor behavior by much. In that case, the minimum bias would drop to 0.9 V.

T=300 K & TCR=-2000 ppm/°C

(a) TC =—=——=3300 ppm/°K = 3300 ppm/°C

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

Page 977

K= \/5(25x102_6)(10_4) (1 ) \/gj TR0
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Page 978

R=&ln hAEz =0.()25875Vln é 9250
Iy \Icy Ay 45uA 5

A=A | A,=254,=254 | A=A | A, =5584,,=5584

Page 982

A
VPTAT = VT ln(f

E1l

o Vons _ 82:59mV

) =(27.57mV)In(20) =82.59 mV’ | R =3.30 kQ
I, 25uA

Voey =V, In o =(27.57mV )In 25u4) 6792 1
0.5 f4

S1

Ry Voo +3Vy—Vy 112+ 3(0.02757)-0.6792
Wi 2(0.08259)

=3.169 | R,=3.169R =10.5 kQ

iy

Ve = Vigr + 2% Vopar =0.6792+2(3.169)(0.08259) =1.203 ¥/
1

The other resistors remain the same.

Page 985
250uA 2(125uA
I,=1,,=1,=1I,,= 2“ —125uA | V=075V + WH.HV
2(125uA
V.o, =-0.75V (—’“‘)2=-1.87 v
200uA |V

Vs =V = Vs = (5=187)=(=1.75) =488 V | Vy, =V, =187V
M, and M, : (125 uA, 488 V) | M;and M, :(125 uA, 187 V)

G, = g1 =42(2.5x107)(1.25x10) =250 uS

R, =r,|r

0 04

_ 75.2V+4.88V‘|75.2V+1.87V _314kQ | A =GR =785

125uA || 125uA

Page 986
1 2K

n3

CMRR = u,:g,,Rss =

D3 D3

1 2K
( \12anID2 )RSS = (; = )( \/2anIDz )RSS

2(0.005)107 =5.99x10° or 136 dB

n

1
K=K Iy, =1 CMRR =
3 i | Ipy=Tpy | 00167
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Page 990

i .. . . . .
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

[))FO4 (ﬂmn + 1)
i 2(0.025V
V0S=£=—210 (&)= 2V, = ( )=7.7 uv
8n  PBros (ﬁpon "‘1) 1. ﬁFO4(/5F011 "'1) 80(81)
Page 991
Avl = [))OSIC_2 =@=50
I 3

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

Page 992
-1 -1

2 1 1

CMRR = "~ [100{ 100(40)(75) ~ 2(40)(107)(10)

=5.45x10° =135 dB

2( 1
B ﬁ02H/'2 2g,,Rp;

Page 997 Note Twice: 14.7 V should be 14.3 V

40(60 + 14.3 60 + 14.3
Ay = % - # = 1490 | Agm = 5(1490) (1) = 7450 | 1,5 = (+2—) = 149 kQ
I L.. B 50 w5 40(60+14.7)

= Ay | A= 0= S0 | A= ; | 4,
A, = 5(1500)(1) = 7500 assuming the input resistance of the emitter followers is much greater than
roand V,, =V, Checking: r =20 14TV 14910 | R, =B..R, =300 MQ

500uA

I..=101., =101, — A,. =104 | R, =2r —215—0—150k€2

C5 Cc4 C3 ES id w1 40(50‘[1./1)
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Page 999

22+22-14 0.025V , (1.09mA
REF=W=1.09 mA | [1= 340 hl( 1 )_>11=200‘LLA
23.4V 21.3V
Mooy M eor
I,= 0.75(1.09mA)W =1.08md | I,= 0.25(1.09mA)W =351 ud
1+ +— I+——+—
60V 50 60V 50
R =r |1+ 1ntex A“O] _SV 1357 ln( 733u4 1)] ~18.7 MQ
ot Ay, 18.4u4 18.4u4
Page 1003
2(607
Vere =Vers Vs 74 (607 =1.90 ¥
FO6
Page 1006
R, =R IR o =2r 1.3, =2 SOH13 Yl o C0+13) 20.1MQ|L1.1MQ = 7.15 MQ
7.25u4 7.16u4
Page 1008

A, =-146x10"(6.54 MQ|R,,, ) = -1.46x107*(6.54 MQ|20.7kQ) = -3.01

Page 1010

Req2 =I5t (/5015 + I)RL = 50(20(1125) + 51(2k9) =103 kQ
m

0.025V 0.025V
Ry =rps+ (rdIS + R3) [

ez = + + 3441@}103/@ =79.4 kQ
0.216mA  |0.216mA
50(0.025V)

Ry = —————"+51(79.4kQ) = 4.06 MQ
0.216m4

-1
R, = (rd13 + R3) Toa + T2 Vg | 0.0257 + 344 kQ 0.025¢ + 5. 79K + 89 14C2 =1.97 kQ
! B, +1 ) (0216ma 0.216mA 51
r=5029 o5 | g, 29B0 00 180
2m 51
I, =2 050 ma | 1, =-27 - 318 ma
27Q 22Q
Page 1013
R ) v, 5 v, 1
V0= V1V2=KMV1V2 | KM=_=_2=0'2 | KM= =—2=1
(IEER1R3 vyy| 5 vy| 1
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Page 1034

1
IC4=IC3=IC2=ICI=EI=1mA | Ve =07V | Veey =07V | V,=0V

Viea =3V =V, =5-0=50V | V,, =5—VCI—VEI=5—O.7—(—O.7)=5.O 14
(1 mA, 5.0 V), (1 mA, 0.7 V), (1 mA, 0.7 V), (1 mA, 5.0 V)

Page 1036
With the output shorted, current cannot make it around the loop, so Ty = 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

ol?

and start at the base of Q, assuming 7, >>

and a current mirror gain of 1:

m3

1
o4 (1 + gm2rol)] = (Vbz M)(_) [r04

RiBZ||RL]

c4 = ‘;‘-’1 (1)[}"04

V e=
ol

RiBZ ||RL

1+g,.r r,

ol

’:)4

Ry||R,  55kQ5.1kQ10kQ
r - 55kQ

ol

T, = =0.0579 - non-zero but small compared to 1.

Evaluating Eq. 18.7 without R, To. = &,,, (7,4||1| Risz ) = 0.04(55kQ|| 55kQ| 5.1kQ) = 172

7’;)1

Page 1042
R|R
L. = [gml(R3Hrn2)][_gmz([R2 + RlHRiEl]HRSHRL)]( RIHIQL f_le)
Rl ) 1kQ[2.5kQ2 )
T =T, e (1+ g,,R,) =-2.01 [1+0.045(300Q)] =-19.2
A, =101ﬁ1j'922 =950 | NowR,,=r,=% | R.=317kQ | R’ =1.74kQ
Scaling using the previous result : 7. = —19.2(%) =178 | R, =31.7kQ ! 1-41-?)8 =596kC2
. -1
R, =174kQ 1;902 -86.1Q | RemovingR,: R, = [é-#l ~86.8 Q
+ .
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Page 1044

R, = RxD ﬂ | Rf) = R3HR1'D1HR1‘G3 = Ry|]2r,||Ris = 3kQH°°H°° = 3kQ
1+ 17,
T,=0 | T,,=T=6l1 | R =3k£2(11;?1)=48.3 Q
s 1.63V —(=5V)
]D2=ID1=E=O'SOOMA | ID4=12=2.00mA | ID3=W=O.510WIA
2(0.5mA4
Vosi =35+ Vs | Veg =14 % =132V | Vp;=35+132=482V

Vi, =5+132=632V | V,53=5-1.63=337V | Vo5, =5-V,=5.00V
(0.5 mA, 4.82 V), (0.5 mA, 6.32 V), (0.51 mA, 3.37 V), (2 mA, 5.0 V)

Page 1048
R. appears in parallel with 7, : 7, = rn”Rl. = 4.69k§2||10k§2 =3.19 kQ
/ Iy 3.19kQ
T=g,(R|(R;+r;) ro)(r, " ) = 0.0325(5kQ(50kQ + 3.19k§2)||62.4k§2)(3.19k9+ SOkQ)
T=817 | 4 =A% T __sok0 317 _ 44540
1+T 1+8.17
RY =r|(R. +Re||r,) = 3.19kQ|(50kQ+ 5kQ[ 62 4kQ) =301 kQ | T, =0 | [T,|=|T|
R =301k _380
1+8.17
R, = Rc|r,|[(Ry +7,) = 5k 62 4kQ(50kQ+3.19kQ) =426 kQ | T =0 | |T,|=|T|
R, -42602—+0 _463 0
1+8.17
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Page 1049

g R R\ [ 451 0K ) _ e
R+R \R, +R ) |2kQ+340Q) 336Q+10kQ '

g B R\ [ 451 2%\,
R+R )\R, +R ) \10kQ+340Q)\336Q+2kQ)

T = _Atr — 485kQ =323 | g5 = 1 ! = ! 1 =2.50 mS
R.+4, 50kQ-48.5kQ R \1+7) 12Q\1+323
R, = RF+L ! =|50kQ + ! ! =1.51kQ
g \l+T 2.5mS \1+32.3

Page 1053

T is the same: [T|=306 | A™"=1 | A =A™ r =1( 306 )=0.997
1+7  \1+306

R, =RF||L=10kQ|| .

=307Q | T,.=0 | |TJ|=IT
L= R = 1080 i Tocl =7
R, =307 _100 @

1+306
Page 1054
T is the same: |[T|=306 | A“'=1 | A =A™ T _1[ 39 ) _p997
1+T 1+306

D 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 .

T, =-8n (2r02 r04) gusRe _ 3.16mS (400k9||200k§2) 3.16mS(10kQ) o
2 1+g, R, 14+3.16mS(10kQ)
R, =3500QF2%% 3340
1+306
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Page 1057

T is the same: [T|=152 | AV"’“’1=—&=—1 | A=A T =—1( 152 )=—0.993
R, 1+T 1+152
1 1
R?, =(R,+R,)|R |— = 40kQ[10£Q =304Q | T,=0 | |T,.|=|T|=152
out ( 2 1)” l”gm5 || H316mS sC |OC| | |
R, -3042—*0 _199 0
1+152
Page 1059
There are approximately 15 cycles in 0.8 usec: f = w()c)éﬂ =18.8 MHz
Bus

1 . ) 1 42(0.01)(0.0005)
fr—ﬂm ‘ gm_\lan[D | frz—le_Z 5pf+1pF =83.9 MHz

1 ~2(0.01)(0.002)

0 1/2(0.004)(0.0005)

- = 53.1 MHz - ~ 168 MHz
Jrs 2w Spf +1pF I 2w 5pf +1pF
Page 1069
-3 s 1 1
G =g,= \/2(10 )(5x10 ) -0316mS | R =r,|r,= - 500 kQ

24, 2(0.02)5x10°

£ (G| L[O316mS) oy g
2n\C. ) 2m\ 20pF

1

fB=Z

1

R,C(1+4,)

1

=2J‘L’

1

R,Cc (1 + Mfz)

_ L ! 158 Hz

2
1 [2(0.001)
500kR(20pF {1+ 002\ sa10=
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Page 1070
UL R \/2(0'001)5)610_4 _796 MHz | R=——- !
Qs \/2(0.001)5):10-4

— =1.00 A2
2 C. 2m 20x10

G, =g, =40(5x107) =200 mS | R, =7 1O _sik0

o 40(5.5x10'4A)

40(5x10™
£ _ b ﬂ) =L(2.00mS)=10'6 MHz | f, —L(%)=L M =106 MHz

22\ C.) 2w\ 30pF 27\ C.) 2m| 3x107"
P R N ! - 534 25
27| rysCe(l+ 1) | 27| 4.54k9(30pF )1+ 40(50)
Page 1073
sr =190 _ 5 60x10° Y —5.00
20pF s us
sR =190 _ 5 60x10° Y —5.00
20pF s us
Page 1077
G, =8,, =40(2.5x107*) =100 mS | f, = 1 G, /2 ) 1(100mS) 5oy
21\ C.+C,, | 4m\ 50.8pF
b =00 tan [\ STMHE) o (1STMHz) | (1STMHZ) (1S TMHz) o o,
142 MHz 173 MHz 192 MHz 206 MHz
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Page 1081

SRe— T _1mA 15400V 21547

C.+Cg,,s O5pF s us

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

8.5MH?

C. =65pF| SIMHz
c=>P (16.6MHZ

)—2pF=31.3pF

(a) I,s=1,,=500 uA | I,,=1mA | Currenterror Al =500uA | g, o W/L

y AL _ AL S00uA sy
G Ag Z433ms
ml2 v1&mS _192
V2
(b) I,5=31,,=1500 uA | I,,,=1mA | Currenterror Al =-500uA | g, o« W/L
oM A S00uA gy

S G Angs —192(—4.33mS\/1 .5)

Page 1085
For the Hartley circuit in Fig. 18.34(a), Z,, = jwL, and Z = jwL,

Z, = joL,[1+g, (joL)]+ joL, = jo(L,+L,)-0’g,LL,
Re(Z,)=-w’g,L L,

Page 1086

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.

Page 1089
7= ! _5016 MHz | f, = 1 —5.008 MHz
31.8/F(7pF 31.8 fF(25pF
2 31.8mHM 27 [31.8mH JF(25pF)
7.0318 pF 25.0318 pF
Page 1091

Three cascaded inverting amplifiers assuming a normal rolloft: 3¢ =-360° | ¢=-12(0°
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