Microelectronic Circuit Design
Fourth Edition - Part I11

Solutions to Exercises
Updated - 09/25/10

CHAPTER 10

Page 534
(a) 4, =|4]4]=4x10%(2.75x10%) = 1.10x10"

(b) V,=~2P,R, = 1/2(20W)(169) =253V | A = Vo B3V _ 5 06x10°

v, 0.005V
=£=ﬂ=1_5814 | 1 = v, __ 0.005” =0.167ud | Ai=£=ﬂ=9.48x106
R, 16Q R +R,  10kQ+20kQ I 0.167ud
25.37(1.58 4
4= (1.584) =4.79x10" | Checking:Ap=(5.O6x103)(9.48x106)=4.80x10'°
Py 0.0051(0.167u4)

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

A,y =2010g(4x10%) =920 dB | A, =2010g(2.75x10°) =169 dB | A, =101log(1.10x10"*) =130 dB

Page 541
1
G =g, = =0.262 uS | A=g, =0.262uS(76)(50kQ) =0.995
in = &n 20kQ+76(50kQ) us | &1 u ( )( )
-1
R, =g,= 1 + 1 + 75 =262Q | g,=- 8n __ 2629 =-0.0131
50kQ  20kQ  20kQ (20k@)  (20kQ)
R,.,1=L=3.82 MQ | A=g,,=0995 | R, =L=262 Q
& E»
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Page 547
(a) The constant slope region spanning a maximum input range is between -0.5 V=v <15V,

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

Vp=Vp+v, | -05V=<05V+v, —=v,=-1V and 0.5V +v,<1.5—v,<+1V
f=1Vsv,=+1V or |v,[<1V and |v |10V

(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 + 0.75sin1000m ) = (-2.5+ 7.55in 10007 ) V | ¥V, =-2.5V

Page 552
vid=%=0.lOOV=100 mV | vl.d=10V
100

_1ov

Vit =T

=0.001 V' =1.00 mV

0*

=1.00x107V =10.0 uV

Page 554

4,222 559 | v, =-520(0.57) =-2.65 1
6842

. 0.5V . . .
li=m=735 ud | l,==h =_li=_7'35 uA

Page 556

2V
=g o o=426ud | L=1,=46pd | Ip=-1,=-426 ud

24kQ
L ST V. =-51102V)=-102V
A4, 4.7kQ T ( )

Page 558

At,=-&=-%=-o.zMQ | R, =200 kQ

v, = =Ryj, ==2x10°(5x10" sin 2000zt | = ~10sin 20007t ¥

o
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Page 560

A =1+ 362 _ 190 | v, =19.0(-02V)=-380V | i, __238W 00 uAd

2kQ 36kQ + 2kQ
4=1+%=+40.0 | A,y =2010g(40.0)=32.0dB | R, =100kQe =100kQ
v, =40.0(025V)=100V | i,= 10OV _ 550 ma

394Q + 1kQ
54
4 =100=501 1+%_501 K500 ;- 0 _0.1ma
R R, R+R R+R

R+ R, =100kQ2 501R =100k — R =200 There are many possibilities.
(R =200 Q, R, =100 kL), but (R, =220 Q, R, =110 k€2) is a better solution since

resistor tolerances could cause i, to exceed 0.1 mA4 in the first case.

Page 563
Inverting Amplifier: 4, = _ 30k =-200 | R, =R =15kQ
1.5kQ
v, ==20.0(0.157)==3.00 ¥ | i, =->= =300 100 ua
R, 30kQ
Non - Inverting Amplifier: 4 =1+ 30k _ +21.0 | R, = v 01V
1.5kQ i 04
v, =21.0(0.15V) =315V | i Y 3157 100 u4

"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 564
v, =2V 3R ey |V, =4V 3R ey | v, =(~6sin10007 - 65in 2000t ) ¥
1kQ 2kQ
The summing junction is a virtual ground: R, = h =R=1kQ | R,= V—z =R =2 kQ
4 )
= Vo 22V oma | I, = Vo 22V _ o4 | i, =(-2sin1000st - 25in20007 ) mA
R, 3kQ R, 3kQ
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Page 567
3V

Sincei, =0, [, = ——————=
10kQ2 + 10042

27.3 ud

4=—M=—10.0 | ¥, =-10(3V-5V)=+200V | IO—VO'V--VO‘V+

10kQ T 100kQ  100AQ
=V, R _5 100K, spsy
R, +R, 10kQ+100kQ2
20.0 —4.545 %4
= T 4155 I,=——————— =455
o 100£Q wd |4 10kQ +100kQ ud
Page 568
A, __30K2_ g0 |V, =-18(8V-825V)=450V | I,= Vo= V- _Vo -V,
2kQ 36kQ  36kQ
vooy,— e _gos 30K g6y | g 24027816 o5
R +R, 2kQ + 36k€2 36kQ
Page 570
2 x10° -400 50007
s)=- = — 4  =-400 = =2.50 kHz
AV( ) s + 5000 1+ S A | 21

50007
BW = f, - f, =2.50 kHz -0=2.50 kHz | GBW =(400)(2.50kHz)=1.00 MHz

Page 572
1 1
fi=— =804 kHz
" 2n (1k9”100k9)(200 pF)
Page 573
250 250
4(s)=m | 4,=250 | f, ==~ 125 H | fy=% | BW=x-125=x
1+
S
Page 575
/i ! ! =158 Hz

27 {1kl 00k2) 0. 1)
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Page 577

A1) =50 “1+4 150

142+ 2 1+ 2

| [a(o)-

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

| 4(s)= \/(-2;;)25?(10)2 - 41.87

25+4 1050
—25+2+ 10 23-,10

4,(j5)=50

A5 =201log(41.87) =324 dB | £4,(j5)=2£(1050)+ —tan'l[%} =0- (-23.5") =+23.5°

20 20

A, (jo)=—— | ‘4(j0.95)\= ~14.3
0.1
o . (0.1)2(0.952)
(1-095)
£4,(j0.95) = £20 - tan™ % =0-(44.3") = -44.3°

20

12

0.1(1
0 | LAv(jl)=420—tanl[1 ()]=o—(90”)=—90.0”

_ L |0.1(1) . .
177 | 44(]1.1)=420-tan‘[1 112]=0—(—27.6)=+27.6

-400

) Al
(1+ 00)(1+ )

A, =400 or 52 dB

s 50000

fL=120—0=15.9HZ | fH=5(;ﬂ=7.96kHz | BW =7960-159="7.94 kHz
1 1
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Page 577
2x107s -400

Av(s)=‘(s+100)(s+50000)=(l+1oo)(l+ s )

50000

N

iw)=-180+90° —tan™" @ —tan™! Y =-90° —tan”'| — |- tan™!| —
LAV(J ) (100) (50000) (100) (SOOOO)

£4,(j0)=-90-0-0=-90°

100 100

£4,(j100) = -90° - tan-l(@) - tan‘l(li) =-90-45-0.57 =-136°

100 50000

50000 [ 50000
—|-tan | ———
100 50000

£4,( j®) ==-90-90-90 = -270°

£.4,(j50000) = -90° - tan'l(

) =-90-89.9-45=-225°

Page 581

RZ zj
=_E=—1020 =—20.0 | 131=]ein=10kS2

1

1

R,=20R =200kQ | C= 2m(3kHz)(2004Q)

=265 pF

Closest values: R =104kQ | R, =2004kQ | C=270pF

Page 582

R, 20
Ay=—E=—1020=—10.0 | R=R, =18 kQ

1

1 1
w, R 2(SkHz)(184Q)
Closest values: R =104Q | R =1804Q | C=1800 pF

R, =10R =180 kQ | C-=

=1.77 nF =1770 pF

Page 583

10V/2
R,=R=104Q | AV =-Lar | C=(—/) 1
C 10kQ \10V

i"o 2 4 6 8
1 1 ]

-10V—r

—)(lms) =0.05 uF

t (msec
& (msec)
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Page 567

v, = —RC% = -(204Q)(0.02uF )(2.50¥)(20007 ) c0s2000717 ) = —6.28 c0s 20001 V
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CHAPTER 11

Page 605
deat _ 1 10° wea T 1000
=—=100 T=AB=—=1000 = Al =100 =99.90
4 B | P 100 A=A 1+T 1001
v, 9.99V
v, =Av,=99.9(0.1)=9.99V | v, =-2= =99.9 uv
o Av: ( ) | id A 105 u
5
jdmé_& y s B LR g | A" =99 | T=A/3=£=1000
R B R R 100
A, = Aj"e‘”i _ 991900 _ ¢ 9
1+T 1001
v, -9.89V
v, =Av,=-98.9(0.1")=-9.89 =0 = =-98.9 uV
o sz ( ) | vzd A 105 u

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 606

4
4deaz=l=1+&=1+_39k9=+40.0 | T=ap="0 2250 | AV=AV"’6“1—T =202 398
B R 1kQ 40 1+T 251
1

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

H

1+

4
A‘/Ideal=_&=_39kg=_39.0 | B= 1 =L | T=A[3=%=250 |

AV=AV’d“”L=—39@=—38.8 | FGE = L 0.00398 or 0398 % | FGE =+ 2040 %
1+7T 251 1+T T
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Page 608
Values taken from OP - 77 specification sheet (www.jaegerblalock.com or www.analog.com)

Page 609
1e7= R L7 392 4 499 | A=T 1 =499(40)=2.00x104
out OIQ ﬁ
A = Ajde‘”i | A =1+ B 142 00
1+T R 1kQ
T=A48=10" k€2 =2497 | A =A4"" T _ 4027 393
0.05kQ + 39kQ + 1kQ2 1+T 250.7
39kQ(1.05) 4.20
"4 ——n 2 =441 | GE=442-400=420 | FGE=—"""=10.5%
1k2(0.95) 40
4 39kQ(0.95) ~3.70
A™ =1+ —>—L=363 | GE=363-400=-370 FGE=—"—-=-93%
1kQ(1.05) 40
Page 610

1472 R L p 2902 1999 | -1t =1999(100) = 2.00x10° or 106 dB
R 0.1Q B

out

Page 612
Values taken from op - amp specification sheets (www.jaegerblalock.com or www.analog.com)

Page 613
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\ 104Q|fl MQ 10*
R,=R,(1+T) | T=48=10 - =248 | R, =1MQ [1+248]=249 MQ
10AQI MQ + 390kQ | 40.39
/S Uy S B R A (LS B L ST e S
R~ 249MQ R 1+T 249
i =P 398 W ) o854 | ves, i|>> ]
R 40.4\10kQ
4
If we assume 1MQ >>10kQ, T = 4B =10 _ ok ) 100 s | R, =1MQ [1+250] =251 MQ
10kQ +390kQ ) 40
po Yo W sogaa i Py e T 4020, 398,
R~ 251MQ R 1+T 251
i =P P8 W) 99504 | Yes, i|>> ]
R 40 (104Q
Page 614
R =R +R, B k@+iMe 100kgf=10019 | R* =R =1000Q | 1Q or 0.1%
1+ 4 1+10

Page 622
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A‘/Ideal=l+&=l+%=lo.l
R 10kQ

R = Ry + R|(R, + R,) = 25kQ + 10kQ||(91kQ + 1kQ) = 34.0 kQ
RY, = R [ R+ R||R, | = 1kQ][914Q + 10k25k2] = 990 @

out —

R|R, . 10kQ|254Q
T=4A = =720
R, + R, + R|R, 1KQ + 91kQ + 10kQ25kQ
A = Ajdeali= 10172 0.1
1+T 1+ 720
R, =R)(1+T)=34.0kQ(1+720) = 24.5 MQ
D
. Ry _ 9902 _ o
1+7 1+720
A SR 2R
R 10kQ

RY = R, + Ry + R|[(R, + R[|R, ) = 2kQ + 25kQ + 10kQ(91kQ + 1kS[5kR) = 36.0 kQ2
RY, = Ry|[R,[[R. + R(R, + R, )| = 5kfik|[ 9142 + 10k (25 k2 + 2k2) | - 826 ©

R, R . 5kQ 10kQ
v, =|4, Via =10 Vi =818y,
R+ R, “)R[R, +R,+R 1KQ + 5kQ ™ 15Q|ISkQ + 91KQ + 10kQ
R, = R|(R,+ R,|[R,) = 104091k + 1kQ5k2) = 9.02 k2
redlo| R _ g3 25K =568
V)R, +R,+R, 9.02kQ2 + 25kQ + 2kQ2
Ideal T 568
= Al _—_~10.1 =10.1
A= AT 1+568
R, =R} (1+T)=36.0kQ(1 + 568) =20.5 MQ
D
R, = R 8202 454
1+7 1+568
Continued on next page.
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Page 622 cont.
Al Ja Ry, 21k

=10.1
R 10kQ
R’ =R,=25kQ | R’ =R =1kQ
T=4, R 01049
“R+R, 10kQ + 914kQ
Av=Af”’e‘”L=10.1 90 _ 0.1
1+7 1+990
R, = R)(1+T)=25.0kQ(1+990) =24.8 MQ
D
R, =l R 450
1+7 1+990
Ajde“l=1+&=1 ELLLUNRTIY
R 104Q

R} =R, + R, +R|(R, + R,) = 5kQ+25kQ + 10kQ](91kQ + 1kQ) = 39.0 kQ
[R +R|(R,+ R )] - 1kQH[91kQ +10kQ)(25kQ2 + SkQ)] =990 Q
R . 10kQ

R

out

v,=Av,————=10"v,, =980v,,
R +R +R 1£Q+ 91kQ2 +10£Q
R, =R|(R, + R,) =10kQ|(91kQ + 1kQ) = 9.02 kQ
v Ra g 2K =628
vy R, + Rl.d+R 9.02k€Q2 + 25kQ + 5kQ2
Ideal 628
. =10.1
4 =4, 1+7 1+628
R,=R}(1+7T)= 39.0k£2(1 +628)=24.5 MQ
D
_RL 909 o
1+7 1+628
12 ©R. C. Jaeger and T. N. Blalock
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Page 626

SR

R£ = V_ = R]HRidH(RF + Ro) | Ry, == ROH(RF + thHR1)

i
li

Page 628
A = —R, = -91kQ

R? = R|(R, + R,) =10kQ||(91kQ + 1kQ) = 9.02 £Q
RD, = R (R + R,) = 1kQ|(914kQ+10kQ) = 990

, K 10* 10kC2 =980
R +R. +R, 1kQ + 91k + 10£Q2

= A,’:’”’L _ 01k _ 90,9 k0
1+7T 1+980

_ Ry _902KR gl g o Ru _ 9909

"1+ T 1+980 14T 1+980

A% = ~R, = -91kQ

Ry = Ry|(Ry + R,) = 25kQ|[(91kQ + 1kQ) = 19.7 kQ2
(R + R,) = 14Q)|(91kQ + 25kQ) =991 Q

R ] 25kQ

M g
"R +R.+R, 1k + 91kQ + 25kQ

A, = A,’,de“’i _one-2137 _ 91040
1+T 1+2137

D D
RN o o p | Ru | 9910
1+T 142137 1+T 142317

A

r

=1.01 Q

R°? =R

out 0

=2137

=0.464 Q
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Page 633

Ai‘deal - = —10_4S

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

out

T Yu] Ra 9099 25k ~ 8770
v. )R +R, 0.909kQ + 25kQ

Atc=-l r .| 8770 ) _ _0.100 ms
rRl1+7) 10kQ\1+8770

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

Page 637

gl oy By 27k
RI

34Q
RY = R|(R, + R|[R,) = 25kQ(274k + 3kQikQ) = 13.2 k@2
R, =R, + R||(R, + R,) = 1kQ+ 3kQ|(27kQ + 25kQ) = 3.84 kQ

[R](%. + R.)] ( R,

=+10

T=4

o RIH(R2 + Rid) +R \R,+ R,
o 3k§2H(27kQ +25kQ) ( 25kQ ) _3sss
15Q + 3k§2”(27k£2 + 25k£2) 27kQ + 25kQ
4 = +10( T ) = +10( 3555 ) =+10.0
1+T 1+ 3555
P Ry _13.2kQ _ 3710
" (1+ T) 1+ 3555
R,, = R.,(1+T)=384kQ(1+ 3555)=13.7 MQ
14
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Page 638
R, = R||R, =10kQp5kQ = 7.14 kQ

270kQ
304Q

RY = R, |(R, + R|[R,) = 7.14k)| (27042 + 30k<1£R2) = 6.96 kQ2

+10

Ai]deal=l+&=1+
Rl

in

RD, = R, + R(R, + R}, ) = 1k + 30kQ(270kQ+ 7.14kQ) = 28.1 kQ

[RIH(RM;)]( R, )

T=A4 ,
R, +R,

"R|(R, + R, )+ R,
30kQ(270kQ + 7.144Q) 714 kO
30kQ(270kQ + 7.14kQ) + 1k (270/@ +7.14kQ

A =+10| | = +10[2282_| _ 49,06
+7T 142485

T=10"

)= 248.5

_RY 6.96kQ
""_(1+T)_1+248.5

(1 + T) - 28.1kQ(1 + 248.5) =7.01 MQ

=279 Q

R()M[ = RD

out

Page 644

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

‘Vo‘ < 50(0_002[/) —-0.100 V <V, =<+0.100 V

Page 647

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

R= 39/@”11@ =975 Q

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

vo(t)=V0S+@t+it | 1smy e —omV 100nd sy 6,00 ms
RC C 10kQ(100pF) 100 pF

Page 648

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

15 ©R. C. Jaeger and T. N. Blalock
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Page 650

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

mA 4kQ  S5kQ
Including 5% tolerances, R + R, =21kQ2 A4,=10— R, =9R,
A few possibilities: 27 kQ and 3 kQ, 270 k€ and 30 k€2, 180 k2 and 20 k€2, etc.

-1
REQ=RLH(R2+R1)Z§O—V=4kQ R1+R2Z(L-L) = 20kQ

Page 653
v, =Alv, + Vic
CMRR

ymn = A(vl.d R ) - 2500(0.002 -

5.000

4

=3.750 V
CMRR

D A(v,.d b e ) = 2500(0.002 + 5:()%) 6250V | 3750 V<v,<6250V

° CMRR
Page 655
A(1+ 2CA11RR) 104(1+ 5 104) 103(1+ 5 1103)
A, = - al =1.000 4 = al =1.000

A1-_ ! e10f1- 1 FOT —
2CMRR 2x10 2x10

Page 656
GE = FGE (AV) < 5x10‘5(1) =5x10"  Worst case occurs for negative CMRR : GE = 1 + !
A CMRR
If both terms make equal contributions: A= CMRR = ZSIT =4x10* or 92 dB
Sx
-1 -1
For other cases: CMRR =|5x107 - L or A=|5x10" - !
A CMRR

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

05

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

Page 657
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)
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Page 661

100 27(5x10° 7
4 =102 =10° | o,=21= ( )=10”=100n g, =200 s
4 10° 10° 2
7
A(s): wr 10'mw
s+wy, s+1007
6 6
Av(s)= Wr 2xx 10 : =2er 10
W, 2w x 10 s+10m
St s+
A, 2x10
Page 664
90 6
% £ 5x10
A =10% =31600 =L =" =158 Hz = =0.01{5MHz) =50 kHz
, e == 31600 | S =Bfy =0.01(5MHz)
o, 2n(5x106) 1077 2ﬂ(5xl06) 1077
( ) S+, s+2n(158) s+316x | ( ) s+2ﬂ(5x104) s+10°m
Wy po, 1 1«
Ap = B | Forw,>>w,: Ap=—L=—=-j1 since w, =P,
S+C()B JWy J
Page 666
90 6
B fr 5x10 SMHz
A =10% = 31600 =L ="""_=158 Hz = =——— =158 kHz
) A Ty | a2
1+10%
) 21(5x10°) 1074 27(5x10°) 1077
S)= = S| = =
(o) s+2m(158) s+3167 | Al) s+2n(15.8x103) s+3.16x10% 7

fy =By =1(10MHz) =10 MHz | f,, = ff, = %(IOMHz) =5 MHz

Page 667
100 6
0 10x10 10MHz 10MHz
A =102 =10’ =—fT=—=100Hz = = = =10 kHz
: s R T

s+ 2.717(104) Cs+2x10 7

A(s)= Wy 2”(107) _ 2mx10’

_ (S) _ 275(107) 2x107.7'5
s+w, s+27(100) s+2007

17 ©R. C. Jaeger and T. N. Blalock
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Page 669

SR 5x10°V /s SR 5x10°V /s

V,s—=—""——=398V = = =7.96 kHz

"7 o 2n(20kH:) S 27V, 2a(10V)
Page 670
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)

. W 2Jr(8MHz) 1
A4,=18x10" | f,=8MHz | wy=—F=———-"=8891 | RC=—= s
A, 1.8x10 w, 8.897w
Page 677
2
001=expl-—" | | Letx=[M9) | o | K _0826
1-¢? 1 I+x

¢, =tan”' 2 -=70.9°

(W/42;4 +1 -2;2)0'

cos(45°) =4 +1-28>—=£=0.420 | Overshoot =100% exp(— i

1-¢&2

)=23.4 %

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

n 5

S

I (1.3x106/2n)2

w3w2(1 + AO/S) = \/waonﬁ = \/ﬁwTwz | f= ﬁ}T = 0.1(106) =428 kHz
Page 678
LT(jo,)=-180" — 3tan'l%= 180 =, =3
5 5 5 8
T (jo) - = ~=2 | GM=-=1.60 or 4.08 dB
( w12+1) (\/3+1) 8 5
18 ©R. C. Jaeger and T. N. Blalock
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Page 682
From the upper graph, the final value of the first step is 5 mV, and the peak of the response is

approximately 4m¥ + 2m¥| 22| 2 5.7 m. Overshoot = 100% 2" =MV _ 144,
11mm SmV
¢ n0.14\’
0.14 = exp| - —2 | Letx=|—=t] 203917 | £ =4/—— =0.5305
1,1—C2 1 I+x

-1 28

-]

¢,, = tan o =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-— "= | | Letx=|ZMO8%) _03080 | - = = 005541
N 1 I+k
¢, =tan” 2 —=6.34°
(w/4;4 +1 -2@2)
The uA741 curves will be distorted by slew rate limiting.
19 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 12

Page 700

R 684Q
A, =Ap=A4c= _ET = _%= =252 | R, =Rz =R, =R =27kQ
The op-amps are ideal: R, =R R,c=0

out4 ouB — Yo

A=A,4,4, = (—25.2)3 =-16,000 | R =R =27kQ | R

out

= RoutC = 0
2.7k ) 27k Y
3 3
4,=(-252) | —=—"=—| 2099(25.2) | |——"——]| =099
R, +2.7kQ R, +2.7kQ

= 509950 — R, =13.6Q
R, +2.7kQ

Page 705
4,(0)=50(25)=1250 | |4,(, )= % - 884

1+ L)Z] ‘1 + %‘ -2 (w,i)2 +4.935x10°w?, — 3.896x10" =0

(100007 200007
3
0’ =6.925x10° — w, =26.3x10° — f, = 26';"10 = 4190 Hz
JU
5
4,(0)=-100(66.7)(50) = -3.33x10° |4, (w,)|= % = -2.36x10°
2
2 2 2
+ w—HZ P - 1+ Du - =
(10000) (150007) (20000x)
wy, +7.156x10°w}, +1.486x10" w;, - 8.562x10%" =0
3
Using MATLAB, w,, =21.7x10> — f,, = 21;"10 = 3450 Hz
JU

1

4,(0) = (-30)3 =-2.70x10* | f, =(33.3kHz)\2° -1=17.0 kHz

20 ©R. C. Jaeger and T. N. Blalock
09/25/10



Page 711

130:5 =6.909 | v, =0.001(6.909)=691mV | v,, =0.001V(6.909)2 =477 mV

A, =1+

Vo3 =0.001(6.909)" =330 mV | v,, =0.001¥(6.909)" =2.28 ¥

Vo5 =0.0017(6.909) =157 V' >15 V. covpg =™ =15V
Voo =157(6.909) =104 V' >15 V. vy =V =15V

Page 714
V=V, 5001V -4.999V

VisViwdR | Vy=Po=IR | I="0 e =1.00 uA
V,=V,+IR,=5.001V +1.00ud(49kQ) = 5.05
Vy =V, - IR, = 4.999V - 1.00uA(49kQ) = 4.95 V
R 104Q
v, = (—R—;‘)(VA V)= (-%)(s.os ~4.95)=-0.100 ¥
Page 717
2 2
Ap(s)=—2—— | 4,(0)="2=1 or 0dB
LP(S) s2+sw” +(D§ | LP( ) a)f )
ForQ=L'A (jo) = w; | ‘A (jo )‘2= w; =(L)2
7 ~0” + jo2m, + 0’ e (a)j —a)f,)z +20 w0, \2

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

o

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 q 2
z
0 =Y 01w o =2 6005w
w’ w’
ALP(jw)= aw | ALP(ng)= - 3 =_jQ | ALP(jwo) =Q
—0’ + jo—2+ —0+ ;P 4
21 ©R. C. Jaeger and T. N. Blalock
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Page 718
To decrease the cutoff frequency from 5 kHz to 2 kHz, we must increase the

. kH
resistances by a factor of > HZ
z

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

QO=,———=—=— | Qisunchanged.

1 AR
= \g—‘iﬁ — R’ +2RR,+ R} =2RR, = R*=-R; -- can't be done!

@ R + R,
Q=1/R1R2 do 1 |R(R+R) RE -0k -k -0 )
R+R, dR (R+R) | 2yRR, boEme )
Page 719
. ~w; K . K 0
‘AHP(]wD) B K%—w2 + j(3 fUK)(Uz + wz% T3-K | AHP(on) B ﬁiq)
_ ! _5.19 kHz
271\/1OkQ(ZOkQ)(O.OOMMF)(O.OOIMF)
-1
_| [10kQ 4.7nF +1.0nF H1-2) 204Q(1.0nF ) _0.829
20kQ2 \/4 7nF 1. OnF 10kQ(4.7nF)
Page 720
o _KdO _L o de -1 o _KdQ _
S0k | 2x |« (3_K)2( 1)=0* | ¢ oax - Ke
Q—%eKQ 30-1 §9-= 3Q—1=%—1=1.12
Page 721
R, =2kQRkQ=1kQ | f, = ! =879 Hz | Q—— B2KQ _ 453
" ’ 231\/le(SZkQ)(O.O2uF)(O.O2uF) 14Q
22 ©R. C. Jaeger and T. N. Blalock
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Page 726
The lower gain results in a larger gain error and center frequency shift.

‘ABP(ij) - KQ= % | 102 24 R =294 kQ
1 1
R=—1 - ! =39.8kQ | R,=0R=10(39.8kQ) =398 kQ
®,C 2m(2000)(2000 pF )
R = R2 = 398KC =199 kQ | R, canremain the same. |
‘ABP (on)
The nearest 1% values are R =40.2 kQ, R, =402 kQ, R =20.0 k2, R, =499 kQ
1 1 1 1
1, = = =198 kHz | BW = = =198 Hz
27RC 27(40.2kQ)(2nF ) 27aR,C 2m(402kQ)(2nF )
. R, 402kQ
A (iw )=-"2-_ =-20.1
or(2,) R 200kQ

Blindly using the equations at the top of page 580 yields

min= 1 - 1
fo 27RC 2n(1.01)(29.4k9)(1.02)(2.7nF)

max 1 ! =2067 Hz

° T 2aRC 27(0.99)(29.44R)(0.98)(2.7nF )

mn _ 1 1
B = 27R,C 27(1.01)(2944Q)(1.02)(2.71F)

B L _ 1
C2aR,C 271(0.99)(2944Q)(0.98)(2.71F )

Ag;n=_&= M=_20.4 | A$X=_&= M=_196

R 147k2(0.99) R 147k2(1.01)

=1946 Hz

=195 Hz

=207 Hz

1

\R,R,C,C,

The W/C results are similar if R and C are not the same for example where w, =

23 ©R. C. Jaeger and T. N. Blalock
09/25/10



Page 727

g _Gdo_G| 1 \RR, _G Q2 _,s
“T0dC Q|2fcc, R+R| 02G
]g =&d_Q | R=R —Q0-= 1 £—>S§ =0
: 0 dR, 2\ ¢, :

5o _Rdow, R(-1) o, s Cdo, C( -1} o, _
* w, dR w,\R}C w, ° o, dR o, RC? w,
o kKdo k(-1)(-1) & , K

S0k ooy 0 TRk

Q Q(3_K) Q -

go. _Rdo, R( o, |dR, R [Ry|__1 R
" w, dR  w,\ 2R,]dR  2R,\ R’ 2R +R,
Swg_&dwa_&_wo _ 1
© w,dR, w,\ 2R, 2
g Rodo, R wo,|dR, R Ry} 1 R
& o, dR  w,\ 2R,)dR, 2R,\ R} 2R +R,
Sg’o=£d(ﬂo=£_wo =—-1

w, dC w,\ C
Q=R1Q=& 0 dR R1 Ri _l R3
"T0dr O\ 2R,)dR ~ 2R,\R’ 2R +R,
o _RdO R[ O\ 1
0 dr, Q\2R, 2
0 _ R3d_Q=& _ Q dth — R3 R;, 1 Rl
%0 dr, O\ 2R,)dR, 2R,\R’| 2R+R
Sg=££=£(0)=0 | gW= C dBW= C _BW =_1

QdCc 0 BW dC BW\ C

24 ©R. C. Jaeger and T. N. Blalock
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Page 728
(a) R =R,=5(226kQ)=11.34kQ | C = %mom uF | C, = O01UE _ 6 002 urF

1

f = = 4980 Hz
2n\/ 11.3kQ)(11.34Q)(0.004uF )(0.002F )
0. [134e k22 (0.0044F)(0.002uF) A2
11.3kQ  0.004uF +0.002uF 3
(b) R =R, =0.885(2.26kQ)=2.00 kQ | C = 0'02“5F =0.0226 uF | C, = 0'01’“‘: =0.0113 uF

!
 271:)(2.00k2)(2.0052)(0.02264F ) 0.0113uF)

(0.0226uF)(0.0113uF
0= 1/200 \/ )=£=0.471
2.00kQ 0.0226uF +0.0113uF 3

/- 1 s | 0 3242 \/(O.OQMF)(O.OZMF) Ciss
2:r\/(2kQH2kQ)(82kQ)(0.02uF)(0.02uF) 1kQ  0.02uF +0.02uF

The values of the resistors are unchanged. C, =C, = O'OiMF =0.005 ur

_ | 301 | 0 8240 \/(O.OOSAMF)(O.OOS‘UF) Cuss
2Jr\/(1k£2)(82k§2)(0.005uF)(0.OOSMF) 1kQ  0.005uF +0.005uF

= 4980 Hz

Page 728
vy =-Sy __2PE o1y o4
C, 0.5pF

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

Page 732
4 F025 F

; __fc c.C, 200kHz PFO25pF)

cG, 3pF 3pF

CC \3PF(3pF :
0= C GG, _ | 4pF )=2 | BwoZLe 100K g5y

C, C+C, \025pF 3pF+3pF o~ 2
ABP(jw0)=—£=— G __4PF 500
2R 2C,  05pF
25 ©R. C. Jaeger and T. N. Blalock
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Page 734
0.01100001, = (27 +27 + 2‘8)10 -0.37980625,, | 0.10001000, = (2" + 2‘5)10 =0.53125,,

v - 5. 12V

(2“ +2°427 425427+ 21) = 3.41250 V

Vyop = —5212V—125 v MSB=—5'122V=2.56V

Page 737

Vos =V5(000)=0.100 Vi | Vg = 0.8V ~0.17

IS 20.1 Vg

2R=1kQ | 4R=2kQ | 8R=4kQ | 16R=84Q | 32R=16kQ | 64R=32kQ
128R=64 kQ | 256R=128kQ | R=500Q

Page 738
Ryy=R+2R+2R+(n-1)2R+R)=(3n+2)R | Ry, =(3x8+2)(1kQ)=26 kQ

R=1kQ | 2R=2kQ | 4R=4kQ | 8R=8iQ | 16R=16kQ | 32R=32kQ
64R=64kQ | 128R=1284kQ | 256R=256kQ | R, =511kQ
In general : Ry, = R(2°+2'+..+2""42")= (2" =1)R | Ry, =(2""-1)lk=511/kQ

Page 739
The general case requires 2" resistors, and the number of switches is

(21 +2% 4 2”) - 2(2° +2% 4. 42" 1) 2(2" - 1) 2 2
2'° =1024 resistors | 2'°*' =2 =2046 switches.

Page 740
(a) In general : C,

otal

=R(2"+2'+..42")= (2" =1)C | Gy =(2%"-1)IpF =511 pF
(b) In general : Ry, =2C+2C+(n-1)2C+C)=2R+n(3R) | Ry, =2R+8(3kQ)=26 kQ

Page 741

8
V,g = 5—V—1953mV| 1oy LB
28

=61.44 LSB | The closest codeis 61,, =00111101,

26 ©R. C. Jaeger and T. N. Blalock
09/25/10



Page 743
6logl0

2"=10° | 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 744
n 12 .
e =2_= 2 2048 ms | N, - 1 _ 1 _ 4gg conversions
Jfo  2x10 ™ 2.048ms second
Page 745
n 12 1 1 conversions
Pe =S =600us | N, =—=—=167,000
Je  2x10 T, o6us second
Page 748
T n 8
.00 2
LY SN PRV YR/ L N_V( ):0.100 ms
RC* RC Vo Ve fo S5.12V\1MHz
Page 749
n+l 17 1 .
Tt o 2 01315 | Ny =—b= L o763 SOMVEISIONS
fe 10°Hz ™ 0.131s second
Page 750

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

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

Page 758
1 3(0.67)
f, = =159kHz | p,|= =300V
27(10kQ)(11F ) o _10kQ)(  24kQ) 2440
10kQ2 12kQ ] 10£kQ
SPICE Results:15.90 kHz, 3.33 V
27 ©R. C. Jaeger and T. N. Blalock
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Page 760
For v, >0, the diode will conduct and pull the outputuptov, =v, =1.0 V.

Vv, =v,+v,=1.0+06=1.6 1

For a negative input, there is no path for current through R, sov, =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 762
vy =+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.
R, 6842

Vo= - —m(—ZV) =+6.18V | v=v,+v, =678 V.
The maximum output voltage is v, =15V -0.6V =14.4 V.
L R L

22kQ -3.09

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

Page 763
B ZOkQ(IO.ZkQ) 2y

v, = =200V
20kQ\ 3.24kQ) 7

Page 765
R 1kQ
— V=
R +R, 1kQ +9.1kQ
g R W
"R+ R O 1kQ+9.14Q
v, =0.9907 - (-0.990) =1.98 V

10V =-0.990 V

I-

10V =+0.990 V

Page 766
T=2RC1n1+/3 e R _ 6.8kQ _1
1-p R+R, 68kQ+68kQ 2
1+0.5 1
T =2(10kQ)(0.001uF |1 =21.97 =—=455 kH:
10k M)n(l_s) wolf-t :
28 ©R. C. Jaeger and T. N. Blalock
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Page 770

0.7
I+ —

po— BB 4550 T = (1142)(0.002uF ) In| ——3_—|=20.4 us
R+R, 22kQ+18kQ 1-0.550

1+ 0.55(5V

SV)
=13.0 T
0.7 ll/l's | min
-1
5

T, = (11k2)(0.002uF ) In =20.4us +13.0us = 33.4 us

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

Page 789
(a) Atthe Q-point: B, =2 - 1M 00 gy o—te ___1SmAd 6 0
Iy 154 Vo 0.700V
exp| 2| exp
V. 0.025V
v, 8mV . . S .
(c)R,=—*= m =1.6 kK2  (d) Yes. With the given applied signal, the smallest value of v, is
Ly

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

Page 790
(a)No: vir =27V 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,

Kn Kn

2 2
1.56ma == (3.5-V,y) and 1.0m4 = > (3.0-7)"

Solving for K, and V,,, yields 500!\11—A and 1 V respectively.

2

(c) 4,45 =201l0gl-4.13 =12.3 dB

Page 791
10£Q

Vro = Toraa+ 30k
) ) Vio Ve _ 3.0V -0.7V
I =Bply =By Ryp+(Br +1)R, 0 7.5kQ+(101)(1.5kQ)

Vep =12-43001 ~15001, =12 - 4300(1.45m4) —1500(%)(1.45;11/1) =357V

12V =300V | Ry, =10kQ30kQ=7.5 kQ

=1.45 mA

1.45mA

Vy =V = IyRyo =3.00- (7.5k2)=2.89 ¥

30 ©R. C. Jaeger and T. N. Blalock
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Page 792
ve(t)=Ve +ve =(5.8-1.1sin20007t) V| v (¢) =V, +0= 1.45mA(%)(1.5kQ) =220V

1.1V

=—4.3k9=0.256mA | £i,=180° | i(t)=-0.26sin2000m mA | wv,(t)=V,+v,()

1

c

Vy = Vg~ I, Ryp = 3.00- 12224

(7.5kQ)=2.89 ¥ | v,(r)=(2.89+0.005sinsin20007) ¥

1 1
" wC ~ 20007(500uF )

—0318Q | X.<<R,

Page 795
Ry =20kQ[62kQ=15.1kQ | R, =8.2kQ[100kQ = 7.58 kQ

Page 799
o Ve 00V g 00V o

I +1, 174 5004
r, = 0.0257 =125Q | r,= 0.0257 =8.33 mQ

2mA 34

=22 670 | E_ (62107 L|(373K) 00322 7 | 1, =282 5140

1.5mA q K 1.5mA

31 ©R. C. Jaeger and T. N. Blalock
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Page 804

g, =401, =40(50ud) =200 mS | r, = Bo_ 5 37550
g, 2mS
. VitVer _OOV+5V 30 pa | u, =g, =2mS(1.30 MQ) = 2600
I. 50ud
g, =401, =40(250ud) =100 mS | r, = Po o 30 50010
g, 10mS

pelatlo (PVEV 36040 | =g =10ms(360k2) = 3600
I, 25004 ’

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

bro=—Lrap, 2t 1M _jo0 | g, 2 Bl Oy 55
14 Ver I, 15ud Av, — 8mV
VA
p o Bic 00 o0 P 100 ok | on s B 3V 6040
Ai,  Sud g, 62.5mS Ai,  0.5mA/100
32 ©R. C. Jaeger and T. N. Blalock
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Page 814
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.

(a) Ry =7 125 _ 15810 | Av=—9.80mS(18kQ)(

104k9H12.8kQ ,
™~ 9.80mS T

15Q + 104kQH12.8kQ
(p) RM™ =1.1(18kQ) =19.8 kQ | R™ =0.9(18kRQ) =162 kQ
104k[10.24€2 )
-_143
15Q + 104kQH10.2kQ
19.8kQ) _ _143(19.8k€2)
16.2kQ 16.2kQ

16.2kQ
184€L2

A" =-9.80mS(16.2kQ)

A:nax — Avmin(

Checking : A™ = AV’”( =-159(1.1)=-175

)=_159(0_9)=_143 | A™ = nom(lg-SkQ)

184€2

(c) Ve =12V - 22kQ1 . -13kQ1, =12V —0.275mA(22kQ + %13]«9) =234V
100
g, =40(0275mA)=11.0 mS | R, =r, = o =209 k0
104k0.094Q2 )
A, =-11.0mS(18kQ) =-
1KQ + 104k29.094Q
A" =-10V, =-10(20)==200 | g, =401, =40(100ud)=4.00 mS | R, =r, = Py 100 5540
g, 4mS
V,+Ve 50V +10V
y = A JI’C & _ 10(;4,4 —600 kQ | u, =g,r, = 4mS(600kR) = 2400
= —RBHR"B = —4.00mS(100kQ|6004Q IS0k0pskR ) 78
A ==,k r”)R, +R R, | | ) SKQ+150kQPSKQ |
33 ©R. C. Jaeger and T. N. Blalock
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Page 815

o = 10K 1oy 4177 | Ry = 160kQ[300kQ = 104 kQ
160kQ + 3004
Vio =V, -
1pt —p VoV 41TV =0TV _ous

Rop+ (B +1)R, 104k +(101)(1342)

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

1.38x107%(300
I =1, exp(%)(“h) |V, _kT ( )=.025875 Vv

- v, q 1.6x107"
I - 0.245mA _ 422 /4
0.7 3.39-0.7
exp 1+
0.025875 75
Page 817

(a) g, = \/2KnID(1 + AV ) = \/2(1mA/ 7?)(0.25mA)[1+0.02(5)] =0.742 mS

Loy,
LA _S0v sy

A 25004
g, = \/2Kn10(1 + M) = \/Z(ImA/ V?)(5ma)[1+0.02(10)] = 3.46 mS

Loy
A es sov +10v

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

=

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

° I, 5mA
(b) The slope of the output characteristics is zero, so A=0 and r, = .
2.1V

For the positive change in v, g, = Al = 3.3KQ _ 13,9

Av.g 0.5V
Page 818

21, 2(25m4)
V| <0.2(Vos =¥y ) =022 /? =0'2"W =100V | |v,[<0.005 ¥
Page 819
"= Y 0 _oas | n=—2  _020
2 Vg +20, 2V0+0.6 24/3+0.6
34 ©R. C. Jaeger and T. N. Blalock
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Page 821

Al ) \5ma(2ma)1+0.02(3)] .
7 &

Em

1
s sopasy

? I, 2mA

v =vl1= | do | oy 1—1/% =-0735V
I s SmA

<0.2(Vy5 = V5) =0.2(-0.735+2) =0.253 ¥

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

v gs

Page 829
1.5MQ

071 5MQ+2.2MQ
Neglect A in hand calculations of the Q - point.

12V =487V | Ry, = 1.5MQH2.2MQ =892 kQ

-4
4.87=V, +120001, | 487=V. + 12000(%)(1/&9 —1)2

W2 5V, ~187=0—>V, =1981V | I,=241ud
Vys =12-220001, ~120001, =3.81 ¥ | Q-point: (241 ud, 3.81 )

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

2(241 -3
o=t = POy | st 1y g oK 20107
2x10° 0.491V K 5x10°

Page 831

p B 100(0.0257) _ 345kQ | R =Ry, =104kQ3.45kQ = 3.34 kQ
I 0.725m4

Page 832
68042

RS = 680kQ1.0 MQ = 405 kQ vV, =———V, ,=0.405/
in H | EQnew 680]{9 + IMQ DD DD
1.5MQ

V -_—
Qo1 5 MKQ + 2.2 MQ

Vop =0.405V,, | No change. The gate voltages are the same.
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Page 837
From Ex. 13.6, ut, =230 and 4, =-20.3. |4,|<<py,

VGS=VP(1— Iy ]=—1V(1— 0'25”"4)=-0.500 v

Dss 1mA

Vgs

<02V =V,)=0.2(=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, 4.54 V')

Page 840

I.=245ud | V=339V | I, =24SMA(66)=249 ud

65
Py = I Vep + 1,V =245u4(3.39V ) + %(O.W/) =0.833 mW

- Ve =V, + IR 12-0.7-0.249mA(13kQ2
BomVeollow ) | gy = e a e (B;: efie) SOOka( ) 269

Py =12V/(245u4 +26.9u4) = 3.26 mW

Py =1, Vps =241ud(3.81V)=0.918 mW | Py =V,,(1,+1,)

Vi 12V
> R+R 1.5MQ+22MQ

=324 pud | P, =12V(241ud+3.24u4) =2.93 mW

Page 842

(a) ¥,y = min[ 1R, (Ve = Ve )| = min[24504(224Q),(3.39-0.7)1 | = 2.69 ¥
Vy 1s limited by the value of V,.

(B) Vs = min] 1, Ry, (Vs = Vigoir ) | = min[24104(22402), (3.81-0.982)1 | = 2.83 ¥
Limited by the value of V.
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CHAPTER 14

Page 860
o= Koy 4178 | Ry, = 1604300402 = 104 kO
160k + 30042
Vo =V, _
P 41V -0TV

Rp+(Br +1)R,  104kQ+(101)(134Q)

Vep =12-220001, - 130007, =12 -22000(0.245mA) - 13000(%)(0.245;%/1) =339V
g, =401 =40(0.245m4)=9.80 mS | r, = Bo_ 19015540
g, 9.80mS

o VatVe | 34V oo W =g, = 2140
1.  0.245md

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

12V =487V | Ry, =1.5MQ2.2MQ =892 kQ

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

W2 -5V, ~187=0—V, =1981V | I,=241ud
Vs =12-220001,, 120001, =3.81 ¥ | Q-point: (241 ud, 3.81 V)

X+, 53.8V
_ _ -4 -4\ _ _ CE _ _
g, =\2K,1, = \/2(5x10 )(2.41x10 ) =0491mS | r = I = 0Almd 223 kQ

up =g, =110

Page 861
R, =160kQ[300kQ=104 kQ | R, =300kQ | R, =22kQ[00kQ=18.0 kQ

Ry =1.5MQ22MQ=892kQ | R;=200kQ | R, =22kQl00kQ=18.0 kQ

R, =160kQ[300kQ =104 kQ | R, =13kQ[l00kQ =11.5 kQ
Ry =15MQ[22MQ=892kQ | R, =12kQ[100kQ =10.7 kQ
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Page 863
R =2kQ | Ry=13kQ | R, =22kQ[100kQ=18.0 kQ

R =2kQ | R=12kQ | R, =22kQl00kQ=18.0 kQ
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Page 875
V.o =V,
(a) I.= £ B or ! 13k

| 1. =0.245mA
R, +R, R, +R, R, +R,

CE _ &R _ R _RCHR3

For large g, R,.,

‘" l+g,R, R, R,
For A" ™ make R.. and R, large and R, small. R, = 1.1(22k£2)”1.1(100k9) =19.8 kQ

R, =0.9(3kQ)=2.7 kQ | I.=0.245m4 13k€2
£ ¢ 12.7kQ

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

r, = b _ 10180 S =100k2 | R, =100k2+ 101(2.74kQ) = 283 kQ
m Um
come 10.0mS(19.8kQ) [ 1045Q2834Q ) .
4 1+10.0mS(2.7kQ) | 1kQ + 1044Q283kQ )

For 45" make R, and R, small and R, large. R, =0.9(22k2)[0.9(10042) =162 k2

R, =1.1(3kQ)=3.34kQ | I.=0.245m4 13k€2
‘ ¢ 13.3kQ

=0239md | g, =40(0.239 m4)=9.56 mS

r, = b _ 100 _ 15540 | Ry =10.5kQ+101(3.3kQ) = 344 Q
g, 9.56mS
cemn 9:56mS(16.2kQ) [ 104kQ344kQ
C 149.56mS(3.3kQ) | 1kQ+ 10449344k |
(b) Assume the collector current does not change.
r, = B _ 125 _1r510 | R, =12.8kQ+126(3.0kQ) = 391 kQ
g, 9.8mS
e 9-80mS(18kQ) 1044Q|[391%kQ o ,
=- =-5.73 The gain is essentially unchanged.
1+9.80mS(3kQ) | 1kQ + 104kQ3914Q

() Ver = Vee = IR = 1, (R; + R,) =12V —O.275mA(22kQ+ %131(9) =234V

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

g, =40(0275m4)=11.0 mS | _Pe 100 500 k0 | Ry =9.09kQ+101(3.0kQ) = 312 kQ

T og, 11mS
104kQH312kQ
14Q + 104k§2”312k9

ll.OmS(ISkQ)
1+ 11.0mS(3kQ)

CE

y =

=-5.75 The gain is essentially unchanged.

Continued on the next page
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Page 875 cont.
100(2kQ)
(1k£2”104k£2) +10.2kQ + 2kQ

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

Re<u Ry | R, =517TMQ22kQ=2194Q | R, <<u,R,

limR,. = Rlim ro(l + /3"#) = ra(l + ﬁ”RE) = (/30 + l)ro

Ry —o R,+1 +R; R,

Page 877
R,y =10.2kQ+101(14kQ) =111 kQ

9.80mS(18k£2) 104k£2”111k£2
1+ 9.80mS(le) 1kQ + 104kQH1 11kQ

—-160 | R,=13kQ-1kQ=12 kQ.

1.38x107%(300
PRI /7 PO % R (%) _ as875 ¥
Ve V, q 1.60x10"

0.245mA

0.7 3.39-0.7
exp 1+
0.025875 100

I =

= 425 f4

B, 100

A = =10V =-10(20) = =200 | g,, =401, =40(100ud)=4.00 mS | R, =r, = —— =254Q
g, 4mS
V,+Vy 50V +10V
= A ‘;C CE _ 10(-)|_MA =600kQ | u,=g,7, = 4mS(600kQ) = 2400
CE _ RBHRiB 3 150k§2”25k§2 _
A" =-g, (R r”)—R, AR —4.00mS(100k€2H600k§2)(5kQ  sokclpsia) ~278
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Page 884
1.5MQ

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

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

-4
4.87=V, +120001, | 487=V, + 12000(%)(1/“ - 1)2

3VG2S -5V, -1.87=0—V_=1981V | I,=241uAd
V,s =12-220001, -120001/, =381V | Q-point: (241 ud, 3.81 V)

‘i =20log-4.50| = ~13.1 dB

R, =10.2kQ+101(1kRQ) = 111Q
9.80mS(184Q) 104/@”1111@
1+9.80mS(1kQ) | 14Q + 10441 114

s 0.503mS(18kRQ) [ 892kQ
" 14+0.503mS(14Q) (11@ +8924Q

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

CE _

=-160 | R,=13kQ-1kQ=12 kQ

)=—6.02 | R, =12kQ-1kQ=11kQ

v 9.80mS(184Q) 104kQH1.32MQ CC136 | AP - R __18kQ oo
1+9.80mS(13kQ) | 1kQ + 104kQ1.32 MQ R, +R,  13kQ
s 0503mS(18kQ) ( go2kQ 100 | S e R 18R o
1+0.503mS(124Q) \ 1kQ + 8924Q2 ' " R+R, 12kQ
Page 885
-23
V. = %K (273K +27K)=25861mV | I, = e 2Wud 4304
1.602x107"° K V,y 0.700¥
exp| 25| expl ————
V. 0.025861V
18kQ
R, =-9.80mS(184kQ) =-176 == -6.00 5.72 <6.00
2R, (18k2) | A= |
g,R, =-0.503mS(184kQ) =-9.05 | A" = _IBK2_ 500 | 4.50<9.00
2kQ
41 ©R. C. Jaeger and T. N. Blalock
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Page 889

R, =160kQ300kQ =104kQ | R, =r,(1+g,R,)= 022‘2 VA [1+10mS(11.5k9)|=1.16 MQ
zom.
v, <0005/ (1+g,R, ) R+ RaR, =0.0057[1+10mS(1 1.51@)]M =0.592 1
1R 95.4kQ
v, =0.2(Vys ~ Vi )1+ 8,R,) RI;GRG =0.2(17)[1+ 0.5mS(lO.7kQ)]2kg;;%2kQ —127V
Page 894
g, - 2R 8KL, o0y 973 (0491ms)R, 0.973 — R, = 73.4kQ
892kQ 1+(0.491ms)R,

R6H100k£2 =73.4kQ — R, =276 kQ | Note, however, that the 12 kQ resistor
can't simply be replaced with a 276 kQ resistor because of Q - point problems.

Ry =102kQ+101(13kQ) =1.32MQ | R} =104kQ[1.32 MQ = 96.4kQ

9.80mS(13kQ
= (1340) 264K ) o972
1+ 9.80mS(13k§2) 2kQ +96.4kQ
0.491mS(12kQ
C=- 1262) [ 8ok ) +0.853
1+ 0.491mS(12kQ) 2kQ + 892kQ

BIT: g,R, =9.80mS(11.5kQ) =113 | FET: g, R, =0.491mS(10.7kRQ) =525

Page 896

=119 mV

BIT: v, 0,005V (1+,8) “7 7% =0.005¥ 1+ 9.8mS(2kQ)](—2kQ+13kQ)

Neglecting R, v, <0.005V(1+g,R,) = 0.005V[1+9.8mS(2kQ)] =103 mV

FET: v, 20.2(Vs — ¥y )1+ 2,R)) R’éRﬁ - 0.2(0.982)[1+ O.491mS(2kQ)]% 454 mV

Neglecting Ry, v, <0.2(Vos = Vyy )(1+ ,R,) = 0.2(0.982)[1+ 0.491mS(2kQ) | = 389 mV/
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Page 898
100(1.73k£2)

1.73kQ2+10.2kQ2

R

=7 I+ =3.40 MQ

iC o

1+ &} =219kQ

R, +r,

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

Page 902
gm R6
1 1
R+ — R+ — R
AVCB =ngL gml _gm L gm gm L R 1 } R
RG() g, R + 6 . 6( t8n 1)"‘ 1
R, + gml Rq + ;
R "
g”‘l
AVCB — ngL Rﬁ 1 - ngL ( RG )
Ry + R, 1+ 8RR 1+g,R,\R +R,
R + R,

The voltage gains are proportional to the load resistance

A% =+8.48 (%) =+104 | A =+4.12 (%} =+5.02

CB: A% <g R, =176 | AP =B R 18K 10 | g48<104<<176
R, R|R, 173k

CG: AC<g R =884 | A®=Re_ R I8 105 4 11c884<105
R, R|R, 171k

Page 909

AVCS — 1 (W/L)l | 10% _ 1 (W/L)l _ 2290
ten\|(w/L), 1+02\ 4 I
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Page 911
n=0 | I,,=1,, | Both transistors are in the active region since V,; = V.

: 107 (2 > 107 (8 2
Neglecting A : 5 (T)(S -V, - 1) = T(T)(VO - 1) —V,=2.00V

. 107 (2 10 (8
Keeping : — (T)(S —V, - 1)2[1 +0.02(5-7, )] - T(T)(VO - 1)2(1 +0.02V,) =

Vy=2.0064 V, I, =421.39 ud — Q- point : (2.01V, 421 ud)
1,, =1, | Both transistors are in the active region since V,¢ = V.

K =10" 20 =2x10'3i | K, =4x10" %0 =2x10'3i | The transistors are symmetrical.
n 1 V2 p 1 V2

LV, = % - % cies v | 1, =10 (?)(1.65 ~0.7) [1+0.02(1.65)] = 932 A

Q- point: (1.65 ¥, 932 ud)

Page 914
Since we need high gain, the emitter should be bypassed, and R = R, |r, = 250kQ.
If we choose R, =7, I. = 2 = 100 =5 uA
40r,  40(500kQ)
1 1
R“=— [ =——— =125
in gm | C 40(2]{9) Au‘A
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Page 918
Common - Emitter :
1

C >> =8.07nF | Choose C, =82 nF =0.082 uF
2n(250Hz)(1k€2 + 77.9k§2)
C, >> ! _6.130F | Choose C, = 68 nF = 0.068 uF
2:1(250Hz)(21.9k£2 + 82k£2)
C, >> ! =0.269uF Choose C, =2.7 uF
2;:(250112) k0l 30+ !
9.80mS

Common - Source :
1
27(250 Hz )(15Q + 8924Q)

C, >> ! =6.15nF |

27:(250Hz)(21 S5kQ + 82k£2)
1

C >>

=713pF | Choose C, =8200 pF

Choose C, =68 nF =0.068 uF

C, >> =0.221uF Choose C, =2.2 uF
2n(250Hz) 10k 2k0+ L
0.491mS
Page 921
Common - Collector :
C >> d =6.60nF" | Choose C =68 nF =0.068 urF’
27(250 Hz)(15Q + 95.5kQ)

1
g 271(250Hz)(120§2 + 82k€2)

C >

Common - Drain :
1
2n(250Hz)(1kQ + 892k€2)

C, >> ! =7.60nF |

2::(250}12)(1 T4kQ + 82k£2)

C >>

=7.75nF | Choose C, =82 nF =0.082 uF

=713pF | Choose C, =8200 pF

Choose C, =82 nF' =0.082 ul

45
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Page 924
Common - Base :

1
2ﬂ(250Hz)(1k€2 +0. 1k§2)

1

C, >> =6.13nF" | Choose C, =0.068 uF
2:1(250Hz)(21.9k9 + 82k9)

|
2n(250Hz)(160k§2H300kQH[10.2kQ ; 101(13k£2”1k9)])

Common - Gate :

C >>

=0.579uF | Choose C, =6.8 uF’

C, >

=122nF | Choose C; =0.12 uF

1

C >> =0.232 Choose C, =2.2
! 2ﬂ(250Hz)(1kQ + 1.74kQ) uE | ! uk
C, >> ! =6.19nF | Choose C, =0.068 uF
2ﬂ(250Hz)(20.9kQ + 82k9)
C, >> ! =714pF | Choose C, =8200 pF

2Jr(250Hz)(1 5 MQH2.2MQ)

Page 925
(a) Common - Source :
C, = 1
27(1000 H2) 10k 26Q+ —
0.491mS

(b) Common - Collector :

> ! =795pF | Choose C, =820 pF
Zﬂ(ZOOOHz)(IZOQ + IOOkQ)

=553nF | Choose C, =0.056 uF

C, >

(c) Common - Gate :

1

C >> =42.6nF | Choose C, =0.042 uF
2n(1000Hz)(2kQ + 1.74kQ)
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Page 929

0.020 2
20V =V +36001, | 20=V, + 36OOT(VGS ~15) =V =2203V | 1,=4.94 mA

Vs =5-(-Vis)=720V | Q-point: (4.94mA, 720V) | R, =R, =22 MQ

2(4.94m4
AP = &R g, = (—) =142mS | R, =3600Q[3000@=1630 Q | 4" =0.959
l+g R, (2.20-1.50)
R = 3.6kQ 1 36— _—6010 | v 50.2(2.20-1.50)[1+ 0.0142(1630)] =338V
g, 0.0142 ¢
l+ Vos ;+5+2.21
=2 = 0-0150 oo =148 KR | R = 3600Q)[3000Q[14.8kQ =1470 Q@ | A =0.954
- .

WK, 2x10° 400

L K 5x10° 1

Page 930
2(4.94mA
_8ufs | g, =¥=14.2 mS | Ry=3600Q | A =0981 | R, =R, =22 MQ
1+g R, (2.20-1.50)
R. =3.6kQ 1 36l _—e010 | AP =4 0002 o59
g, 0.0142 69.1Q + 3000Q

47 ©R. C. Jaeger and T. N. Blalock
09/25/10



Page 933
Reverse the direction of the arrow on the emitter of the transistor as well

as the values of V; and V..

;=75.1§2|Af’3— 75.1Q
40(331u4)

- —(13.2mS)(7.58kQ) =50.1
75Q + 75.1Q

For vy =0, we require ve =0. Vo =5-I.R. =229V .|v <229V
v, <5mV(g,R,)=5mV(13.2mS)(7580Q) = 0.500 V

6.8V
20.54L2

I

R, = 759[1 +40(7.5 -0.7)] =20.5 kQ (a standard 1% value) | I, =332 ud

75
50 = 40(332u4)R, o5 R =753k = R =8.14 kQ —8.06 kQ (a standard 1% value)

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

Page 934
Vi =0.7V 5(1.05) -0.7V 368
R™  13k9(0.95)

Vot = Vet - 1M RE™ = 517(0.95) - 368u4(8.2kQ)(1.05) =1.58 ¥ | 1.58 =0, so active region is ok.

max _ 5(1.1)-0.7V
10% tolerances /- = Ver ng'7V = (13]{22(() 9)
E .

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

5% tolerances /- =

= 410uA

RiCB 75 CB
v, =V, —=o—— =y, ——(13.2mS)(8200Q) = 54.1v, R, =R ' =8.2kQ
th 17SQ+R$BngC 17SQ+75( )( ) i | th out
g Va_Ya 100K o 100K _
v, v, R,+100kQ 8.2kQ + 100kQ

48 ©R. C. Jaeger and T. N. Blalock
09/25/10



voer o= ! = 1 =333 kQ

M, 0.015(2x10'4)

or more exactly Vs =25-101,-9.1x10°1,, =25 -1.09x10°(0.2m4) = 3.18 V/

l+ Vs ! —+3.18

=t — 20015 _34940 | R, =100kQ100kQ349kQ =437 kQ

1, 2x10°

4 2(0.2m4
A% =~(g,R,) R, __ ( )(43.7k€2) PR 37
R +R, 0.2V 75Q + 75Q
I, = 0. 01(0 25) =03125md | V-V, =025V | V,=025-2=-175V
_ 50(0.25V

R = Vos _ LTV _ 5 60k —5.6 k@ | R, =2 i—g—mm | R, [100kQ = 40 £Q

I, 03125md g, 0.3125m4

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

1

=1.90 pF' — Choose C, =20 pF

C, >>

G, >> =0.853nF — Choose C, = 8200 pF'

10°7| 5.6kQ
2. SmS

R R o=y 159
750+ RO TV 750 1 750
v, v, 100kQ 1004Q

A =Ze 0 =100 =50.0
v, v, R, +100kQ 1004Q + 100kQ

1

Vi, =

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

out
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Page 941
M,: I, = %(VG Vo) | Ves==RI, | I, = %(—20010 +2) =1, =500 mA

Vys =15-5mA(820Q) =10.9 ¥

L4 AV 1+0.02(10.9)

gm=1/2KnID=1/2(0.01)(0.005)=10.0 mS | r, i, 00xsmi) =12.2 kQ

22kQ
0,0 V= m(lSV) =330V | Ry, =22kQ78kQ=17.2 kQ
1. =150 3.30-0.7 =1.52mAd | Vg =15-1.52mA| 4.7kQ + 5L} 6kl =541 7
17.2kQ +151(1.64Q) 150
g, =40(1.52mA4) =608 mS | r, = 054740 | r = 80+541 56540
60.8mS 1.52mA

_120kQ
0 120kQ + 91kQ
I =80 8.53-0.7

51.8kQ + 81(3.3k£2)

0,: (157)=8.53V | Ry = 120kQH91kQ =51.8 kQ

—1.96md | V., =15—1.96mA(%3.3k9) —845V

80 =1.02kQ2 | r, =M=34.9k€2
78.4mS 1.96mA

g, =40(1.96m4) =784 mS | r, =

A typical op - amp gain is at least 10,000 which exceeds the amplification factor

of a single transistor.

Page 943
R, =478Q122kQ =460 Q | R,,=3.53kQ[542kQ=331kQ | R, =232Q|34.4kQ=230Q
A = —10mS(460§2)(—62.8mS)(3.31kQ)[ 79.6m(2300) ( 1M ) - 898
1+ 79.6mS(230Q) | 10kQ + 1MQ
20 log(898) = 59.1 dB
v, 15
A = (_ ﬁ)(—lOVCC (1) = -T(-10)(15)(1) = 2250
A, =-10mS(2.39kQ)(-62.8mS )(19.8kL)(0.95)(0.99) = 28000
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Page 948

R, = 3300

+
0.0796S  90.1

( 1 3990) 5500

Note that the answers are obtained directly from SPICE.

A,y =g, R, ==1[2(0.01)(0.001)(3k17.2k2.39kQ) = 5.5

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

Page 972 ] _
60| 15-0.7
Io=apl, =—|——""_|-938 Vo =15-938ud(75kQ) - (~0.77) =867 V
< THET 61|12 (75k9) S uA(75kQ) - (-0.7)
60| 15-7,, | I
Io=a 1, =—|———25| and V,, =0025V In |——CS——| = 1. =947 ud, V,, =0.649 V
© T 612 (75kQ) " (O.leO'lSA) ¢ s Vi
Page 974
V= =7, =1.01-0.990=0.020 ¥ | v, =-" ;Vz _ 1-01;0-99 _100 ¥
Vi =V, =V, =4.995-5.005=-0010 ¥ | v, = ';"2 _ 4995;5-005 5007

Vg = AgVig * AgVic | Voe=Aviqg+ A,

ccIc

[t il sl oo o

1.002 0.02 1.00
=4 —=|4, A.|=[0.100 1.00
5.001] [ 4] [-0.01 5.00] [ 4]=] ]
Page 978
Differential output: 4,, = 4,, =-20V,.=-300 | A4,=0 | CMRR=x
Single - ended output : 4, = % =+10V,. =150 | CMRR=20V, =300 | A4, = —% =-0.5
Page 982
1_100( R. )15—0.7
101(2 15
Vie =15V % =530V
100( R.
I+ —
101\ 2R.
Page 983
v, 15V
I =T ——2=100ud - =80
DpC = 4ss Ry uA 750k uAd
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Page 985
1

_8s

Ip==35=100 wd | Vg =121, Ry + Vs = 12 - 100uA(62kQ) + Vs = 5.8V + Vg

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

Vi =11.8-V, | ¥, =1+0.75(1/12.4- Vi —\/0.6) >V, =25V | V, =875V

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

Page 988

R, =2r 22&=2 60r

©"T1. T375u4d

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

i =g v, =40(37.5ud)v, =1.5x10"y io= e _ Yen 5005107y
dm g m” dm ( AU‘A) dm dm | cm 2 REE 2 MQ cm
Page 993
100 (150uA4 15V
I. = =—|— (=743 l..=—=750 V.,..=15-0=150V
cl c2 101( 2 ) ud | =50 ud | CE3

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

Vigs = (74.3ud = 7.5u4)(10kQ) = 0.668 V| I, _ POd_ gavi075 4

0.668V
Xp
0.025
Page 996
A =560 (15)=8400 | I, =50(1ud)=50 ud | A, = 8400 =2210
28 (50014
100\ 50u4
8400
I, <50(1ud) =50 A, = =290
Cl ( Au‘A) MA | dm 1+ ﬁ SmA
100\ 50u4
Ro=2r =2—2X __sok | R, =2 _300
40(50u4) 0.5mA
R =2r =2—2X __50k | R, =2 _30k
40(50u4) 5mA
A =560 (1.5) =840
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Page 997
CMRR = g,,,R, = 40 (50uA)(750kQ) =1500 | CMRR,, =20log(1500) =635 dB

Page 998
g, v, 40( I.,R 7, 0.7r, 560V
i =22 Rl (gm3ro3)=_ LeRelay (40]C3r03)5800 : (VA3)=—A3
2 \R.+r,, 2\R.+r, R.+7, 1+&
7"”3
560V, 5607, 5607, _ 560V,
dm - - -
14 20LesRe 401,R, (zm) . 4007)(1.\ 1, 28(43)
ﬁ03 ﬁoS ICZ [)’03 Ic2 ﬁ03 ]Cz
A =560 (75)=42000 | 1, =50(1ud) =50 uA
A, = 42000 11000 | 4, = 42000 _ 1450
, 28 (500ud 1, 28 (5md
100\ 50u4 100 50u4
2 22—V 50k | R, =r, =20V 5010
40(50u4) 0.5mA
=2 = _ 0 _soxe | R, 2 180 ke
40(50u4) 5mA
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Page 1002
A,=-350 | A, =-22mS(150kQ1624Q[203kQ) = ~1238

0.198S(2k9H18k€2)

"= 0 T08S (ZkQHISkQ) =0.9971 | 4, =-3.50(-1238)(0.9971) = 4320
R =2r = - 100 io1ke | R, = LD K 1 + 1624015040 =776 Q
40(49.5u4) g B+l 40(4.95mA) 101
P=(1+1,+ I)(Vee + Vi ) = (100 + 500 + 5000) ud (307 ) = 168 mW
150 5mA 0.7V
I = som(ﬁ) =497 pd | Iey=500pd+ "5 =533 pd | Re = ( 533) =152 kQ
49.7 -2 |u4
150
o0 _g04kQ | 4,- ~20(49.7u4)(15.2kQ7.04kQ) = -4.68
T40(533ud) 2 ' ' ' '
I, 0 a4 97 ma | r, 0 5550 r, BELEL ERRPrgrS
151 40(4.97mA) 533ud
A= -40(533M)[168kQH755 " 151(2k€2)] — 2304
0.1995(24Q)
8,5 =40(4.97m4)=0.1995 | A, = =0.998
1+0.1995(24Q)
A, =-4.78(-2304)(0.998) = 11000
R, =2r 150 15140 | R e loglmlf 1 168KQ 00

=2 40(49.7u4)

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

" g B+l 40(4.95md) 151

P03 0 ) a - ~22mS(117kQ203kQ) = -1630 | 4, =-3.50(~1630)(0.998) = 5700
T 550uA
75|IR
- 10 o1k | R, = L Dol ! SUTRR 6 ko
40(49.5u4) Eui B+l 40(495m4) 101
CMRR and input resistance are set by the input stage and don't change.
A = r —69ﬁ=0.99986 | T,o=T | T,,=0 | R R, _ 162k2 =0.234 Q

1+7 6921 “ 14T 146920
R, =R, (1+ Ty, ) =101kQ(6921) = R, (1+ T) =699 MQ  (Assuming T,,.. <<1)
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Page 1004

2(500
Viy=1+ M=1.63 v R =19 16310
: 2.5mA 100uAd

1

(
1
A, = —5\/2(0.005)(100;114)(16.%9) =816 | A, =g, 7\ = -Jz(o.oozs)(o.ooos)tm) —-31¢

7.07mS(2kQ)
g, = \/Z(0.00SmA)(0.00SmA) =707 mS | A, = 1+ 7.07mS[24) =0.934
A,,=-8.16(-316)(0.934)=2410 | R,=o | R, Lo L se
g, 1.07mS
CMRR = g,,R, =1.00mS(375kQ) =375 or 51.5dB
P=(1+1,+ L)V + Vss ) = (5.7mA)(24V) =137 mW
Page 1005
K, |(7/1) (w/z) 160
Addl ) _\/K:;’ (W/L); | 0= \/E Tz - (W/L)2 - T
Page 1011
Vosi + Vigy = 0.5mA(4.4kQ) =22V | Since the device parameters are the same,
Ve =Viga =11V | 1, 0025(1 1- 1) =125 ud
: . 0.5mA(2.4kQ)
Since the device parameters are the same, V., =V,;, = B 0.6V
= (10-14/1) exp(ooo'gs) =265 ud
Page 1014
Ay =L =g n’R, =~(50mA/ V)2V - 17)(10)(8Q2) = -40.0
g
A =A,— L300 400 | |=02(2-1)7=0200 ¥ | |v,|<0.2(40)=8.00 ¥
'n 10
v \ <> =0.800 V
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Page 1022

150(18.44Q)
R,—0 | R, =432kQ |1+ =32.5 MQ
18.84kQ + 18.4kQ
Vo =-15V 20K _ 1066 | Ry = 110kQ|2704Q = 78.2 kQ
110kQ + 270kQ
~10.66-0.7—(~15 195 uAd
I. =150 =195 V,=V,, —1,R,, =-10.66- 782 kQ)=-108 V
¢ 78.2kQ +151(184Q) ud Vs =Vig = IyRyg 150 ( )
(~10.8+15) (-10.8)°

Py =~———L 0160 mW | P, = =0.432 mW

! 110kQ 2 270kQ

(-10.8-0.7+15) (75+11.5) 150

P, = =133mW | r=— L 446 kQ | r,=——=193kQ

: 184Q 195u4 40(195u4)

150(184Q)
R, =446kQ(1+ =10.9 MQ
78.2kQ +19.3kQ + 184Q
15V . . .
R+R, = m =750kQ2 | Using a spreadsheet with /, =200 ud yields V,, =9V.
9-0.7 -1.33uA(180kQ
R1=750k9l=450k9 | R =300kQ | RE=150 | )=40.0kQ
15V 151 200ud
_ 150(40.04Q
SRECRSERLE] R ( ) 107 M@
2x10° 180kQ + 18.75kQ + 40.0kQ
Page 1026
ViezVoe =V, =1 2(0.2m) 140V | ¥, =V, +1.40=-15+0.2mA(18.2kQ) +1.40 =-9.96 V/
2V =Viy=l+q|———F =1 =V, +1.40=-15+0.2m . +1.40 =-9.

DS GS N 2.49mA) V> D s
W K, 249mA/V’ _99.6

L K, 25ud/V? 1
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Page 1027

2 15V
P =(02mA) 18.2kQ=0.728 mW | I. .= ~20.1
= ) | Tous = 90100+ 220%0 ud

P, = (20.1;4A)2499k$2 =0202mW | P = (20.1MA)2249kQ =0.101 mWw

Vo —oisy—0K 05y | Z102-7, ~180007, ==15 7
510kQ + 240kQ

2.49mA

4.8 -V, —18000 (Vs =1) =0 | V4=1390% | 1,=189 ud

-3
R, =i R = 0.1)1 z(féiﬁ)i )[1 +0.01(11.6)|(185Q) = 10.3 M2
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CHAPTER 16

Page 1049

R, =10kQ(1+0.2)=12kQ | 12kQ(1-0.01)<R<12kQ(1+0.01) | 11.88kQ<R=<12124Q

Page 1051
2(150
Vs = Vi + 2w Vi =1+ (2 ) —V, =2.08 V
K, (14 AV, 2500/ V>[1+0.01337,, ]
1 150 1+0.0133(10) 165 wi
o 1+0.0133(2.08)
7] 2(150u4)
Vis 2 Vos =Viy | Vi =(-10V)2 —D V, =- W=—8.91 v
Page 1052
2(50 1+0.02(15
mr=2"1_g33 | Vs =1V + _2{s0ud) =216V | MR=8.33A=104
3/1 3(2504/7) 1+0.02(2.16)
2(50 1+0.02(10
Mr=2"_0400 | Ve, =1V + _2(50ud) =189V | MR= 8.33¢ =0.463
5/1 5(25u4/77) 1+0.02(1.89)
Page 1054
Loy = I exp Vo )(n Vier | 2 ) | 100uA = (0.1 fA)exp(40VBEl)(1+ s

FO

+ i) —V,,, =0.690

507 100

Veg 2V = Ve 2=V, £0.690 V
Page 1055
(a) Mr=24_05s | MR =222 50
A 24
(b) MR = 05 .49 | MR = 20 539
1.5 3.5
1+ 1+
75 75
1+E 1+ E
(c) MR=05——69__—0.606 | MR=25——60___2095
0.7 1.5 07 3.5
I+—+— I+ —+ —
60 75 60 75
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Page 1056

1,, =100uAd 1071 =200 ud | 1,;=100u4 20/1 =400 uAd
5/1 5/1
1,, = IOO[JLA(LL_O—//ll) =800 ud | I,s= lOOuA(ZSL//ll) =50 ud

00 1+0.02(1o)_231 400 1+0.02(5)_423
o2 “A1+0.02(2)_ A | o = “A1+0.02( =425 ud

I s00 1+0.02(12)_954 I s 1+0.0 (8)_558
04 = Mm— ud | Iys= MA_I_—— 8 ud

I, = 10MA+7 =746 ud | 1Ip,=5(746ud)=373ud | I, =10(7.46ud)="746 ud

1+
50
1+;g 1+;8
I, =10u4A——>—=8.86 I, .=50ud——=>—=443
02 =10u4 0.7 17 ud | Lo ud 07 17 ud
I+ —+ I+ —+ —
50 50 50 50
1+£
I,,=100u4 —>—=88.6
o4 ud 0.7 17 ud
I+ —+—
50 50
Page 1057
MR=L11=9.957 | FE=10_1i57=4.3x10'3 | Vega =Vap +Vigps =14V
1+ 0
50(51)
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Page 1058

MOS
1+0.02(10
=200 P s | R, 2SOV kg
1+0.02(2) 231uA
02(5
1, = 400 —()=423 wd | R =20V a0k
1+0.02(2) > 423u4
BIT
I+ 10
m10ud——30  _j00wa | R, =Y S04 mo
[, 07 17 10.1u4
50 T 100
10
I+ —
Ly=50ud——50 _507u4 | R, =V 41900
L0717 50.7ud
50 100
Page 1059
0.7V 107
" sor M sor
1, =100 ~89.4 1., =500 529
Cl AMA O 7V 6 Au‘A | C2 Au‘A N 07V N 6 AuA
Tsor T sor 50V 501
Redo 1 _ogoo | g2 595 | g VIOV 1340
g 40(89.4u4) 89.4uA 529u4
Page 1060
|, lov
2(100
Vs = Vg =075V + IEWA—’;‘? =120V | 1I,,=100ud 510;/ =117 ud
501
Rado 1 _oo4pe | gt 4y g 20OV 5500
& 2(10—3)(10—4) 100MA 117
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Page 1061

R=E1H(IREF A52)= 0,025V (IOOMA
Iy \ I, A) 2504\ 25u4
P i

K1+ 2951 400 | 4" |=12.0 MQ
25u4 25u4

) 3000 €

Page 1062
1, = Vo[ Juer Aeo | 0025V, (10000 0 306 54
R\, 4, 100Q | 1,

Ketetn| 20 10l 0000 | R, =220 — Y | _s50 ke
300.54u4 300.54u4d

Page 1063
A ol 2 B 1 P00ua)f a1
° R\ K, Lue (WIL), ° 2\ 2504/ 77 200uA 10
I, =2.00md|1-|—L0 |~ 1 =764 ud
° 2.00mA ©
- M(l +2000,2(2.5x10" )(7.64x10-4)) ~176 k9
764ud
Page 1066
B DOSOVAISVY o950 | r oy 22030 40
2 2\ soud 50ud
Page 1068
0.8 25107} 43 5-143=13.6
Vs = Visy = 0.8V + 143V | V,,=15-143=13.6V
DS?2 GS2 2_5)(,'10_4 | DS4
(1 1
dops) TV | o V143
- _ 4 -5 . . _
R,y =ty =[2(2.5%107)(5x10 )[1+0.015(13.6)]t o o 379 MQ
PO 2SS
50ud
Py, _100[6TV A 143V g1 3 | go—r STV 64 Mo
2 - 2\ s0ud 50ud
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Page 1072

10V - 20V
1 =25014ud + 2 =2 s 008
0 M+ 660 ud

Vigs 2Viss =V =02V | V2V, +02V | V,,2095+402=1.15V

I,=50ud=0.1% | Al,<50nd4 | R, = 52(?2 _400 MQ | Choose R, =1GS.
n
2
a2 1M, =1000 | pp =t 2R |k, 2|20 1000)| 22 5524
50uA VA 4 2 4
-3

(wie), =) =229 239 pin) —(win) =122 -2

2 4 5x10 1 3 o2l )
Page 1073

5V -0.7V 7.5V -0.7V
Lope = ————— =100 Lopp = ——————" =158

REF 43kQ ‘U,A | REF 43k9 MA
Vop —(-V.
Since the transistors have the same parameters, Vg, = M
-4 -4
I, =1, =310 (1667-1) =89.0 ud | I,,=1,, = 4x10 (2.5-1)" =450 ud
0025V, 5-14 0025V, 7.5-14
I, = In =101 I, = In =103
77 6.8k 107°(394Q) w1 o= s 107°(394Q) “A
Page 1074
[N EITEC"2) B 0'025V1n[10(10)]=115 ud
I, A, 10009

Vee + Vg 2 Vg + Vyp, =14V
Page 1076
R= 2 1= ]2 | =8.65 kO

5(25x107)(107){ V50
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Page 1077

oo Vo[ 1o 4| 0025875V (25) o
Iy \Ie, Ay 45u4 5

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

Page 1081

Virar =V ln(%) =(27.57mV)In(20)=82.59 mV’ | R, = Vorar, _ 82:59mV._ 3 30 43

;) I, ~ 25u4

Yy =V, In| 2t =(27.57mV)In 2641 _ 6 6792 v
0.5 f4

S1

R, Voy+3V, =V, 1.12+3(0.02757)-0.6792
) 2(0.08259)

=3.169 | R,=3.169R =105 kQ

[\
N
8
S

Ve =Vap + Z&V =0.6792 +2(3.169)(0.08259) =1.203 V
BG BE1 R PTAT
1

The other resistors remain the same.

Page 1084
250uA4 2(125u4
Iy,=1,,=1,=1,, =T=125 ud | Ve =075V + W =175V
2(125
Viogy =-0.75V - (—MA)Z =-187V
200uAd/V

Visi = Vor =Ver =(5-1.87) = (<1.75) =488 V| Vg, =V =187V
M, and M, :(125 ud, 488 V) | M,and M, :(125 ud, 1.87 V)

G =g, = \/2(2.5x10'4)(1.25x10'4) =250 uS

R =r = 752V + 488V 752V +1.87V _ o\ | 4 =GR =785
125u4 || 125u4
Page 1085

1 2K,

(‘\/2Kn2]132 )RSS = l 2K—’13
1
an =Kn2 ’ ]D2=1D3 ‘ CMRR=00167

CMRR = 58, Rss =

(\/21(”2]132 )Rss

2(0.005)107 =5.99x10° or 136 dB

D3 D3
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Page 1089
2V,
Broa (ﬁFOll + 1)

For the buffered current mirror, Vi, =Vpy + Vi, +

I = e Heo fea AVEB=0.0251n( Les )=80.5mV
Bros 50 25 o

_ 2(60) _ _2(607) _ Tmy
Vees =0.7+(0.7-0.081) + S0(51] 137V | AV, = W_ AAmV | Vog == 00— =047 mV

Page 1090

I 150
Avl = (/305]_&) = T=50
C5

For the whole amplifier: 4, = A4,4,4,; | A,=u,;= 40(75) =3000 | A4,=1
4,,=50(3000)(1) =150000 | Note that this assumes R, = c.

Page 1091
-1 -1
cmrR=| 2L 1 _|-2 ! - ! =5.45x10° =135 dB
Bos\Boattyr  28,0Rp 100{ 100(40)(75) ~ 2(40)(10)(10)
Page 1096
I Lr Boe 50 s 40(60+14.7)

A = Eﬂ = _REF _1"o5 =—=5 = J = 51500 El

= Ay | Ay = = T0eS | A= . | 4,
A, = 5(1500)(1) = 7500 assuming the input resistance of the emitter followers is much greater than
rsand V, =V, Checking: 7= OOV 1477 _ 149 kQ | Rye=p,R, =300 MQ

500uAd

l.s=101.,=101., > A, =104 | R, =2r —2£—150k€2

C5 C4 C3 ES id w1 40(50‘11.14)
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Page 1098

Ly = 2222718 0o ma | g, = Q927 [ 109mAY 000 ua
394Q 5kQ 1
234V 213V
1+ — 1+ 220
1,=0.75(1.09md)——0V— _108 m4 | 1,=0.25(1.09md)——-80" — _351 u4g
0.7V 2 07V 2
60V 50 60V 50
R = rnm[l sindon A | OOV +135V), ln(wl) ~18.7 MQ
o Ay 18.4ud 18.4ud
Page 1102
2(60
Ve = Vg 4 2048 0.7 ( )=1.90 v
FO6 1
Page 1105
R, =R R =2r 130, =2 013 Yl {0+ 1.3)_ 20.1MQI1.1MQ = 7.15 MQ
7.25u4)| "\ 7.16u4
Page 1107

A, =-1.46x107(6.54 MQ)

R,;,)=-1.46x10(6.54 MQ|20.7k2) = -3.01

Page 1109
50(0.025)
Ry =5+ (Bos +1)R, = — 51(2kQ) =103 kQ

eq2= 4
m

0.025V 0.025V
Ry =Ty + (”d13 + R3) R [

2 = + +344kQ|[103kQ = 79.4 kQ
270216mA 0.216mA

50(0.025V)
- + 51(79.4k£2) = 4.06 MQ
"2 0.216mA
-1
R, =(% N Rg) p Tt In 0.025V o) ol 0025V 579kQ+89.14Q) oo
‘ P B, +1 ) \0.216m4 0.216mA 51
ro=50292 _6sq | g BP0 80
2mA 51
Iy, = 07V _ 159 ma | I = 0TV 318 ma
27Q 220
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Page 1112

K [ SPPAC IR ST I S
= vy, =K, vy =t =—= = =—=
*\I,RR )" M Y| 5 SRS
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CHAPTER 17

Page 1131

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

Page 1132
2005 | 200s(s +100) | Vw? +100° »> +10°
(s +1000) ‘(s +10)(s+ 1000)\ Vo? +10? @’ +100°
Page 1133
10°

fy=—=159 kHz
2

Page 1134
1

1
Ju Eg 2 2 2 2
1 1 1 1
—| + -2 -2l —
10° 5x10° 2x10° ©

Page 1139
The value of C, does not change A, or w,,.

! =-1000 rad/s | w,;= N N -385 rad/s

) 2uF(1.3kQ)

=21.7 kHz

Wpy, Wpy, W

z1°

Wp3 ==

2
o 1.23mS

l.mu

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

135

Ay =102 =4732 | 43kQ[100kQ 4732

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

—r, =57.5 kQ

ro=
1

Wpy =— =-202 rad/s
10uF 1.3k£2H ! H57.5k£2)

1.23mS

f, = 2L\/41.02 +95.9% +202% - 2(02 +0% + 76.92) =318 Hz
JU

—-08ls——— = w=205rad/s
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Page 1142

140(0.0257')
ry= o1 =200kQ | RC =(1kQ+75kQ[20.0kQ2uF =33.6 ms | R, =75kQ[lk2 =987 @
175u4
R,;C, = (43kQ+100kQ)0.1uF =143 ms | RysC, = (131@ IZO'Oki: 987C 10uF =1.47 ms
SR (L S S S VS
2w\ 33.6ms 147ms 14.3ms
Page 1144
4 =B [Pop | 126047 100 (4.3k9100402) = -157
R +R\r, 2260 \ 1.51kQ
=B [P o [1200) 199, 3iqliooneus.see) - 140
R +R,\r, 2260 \ 1.51kQ

r, 1s responsible for most of the discrepancy. r, and 8, 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)
g, =————+=600mS | R C =(1kQ+243kQ)0.1uF =24.4 ms
0.5V
R,sC, = (4.3kQ+100kQ)0.1uF =104 ms | Ry C; =|1.3kQ ! 10uF =1.48 ms
6.00mS
fLEL LN S S 1Y 2
2n\24.4ms 1.48ms 10.4ms
Page 1146
g, =40(0.1m4)=4.00 mS | R C =|100Q+43kQ L 4 7uF —1.64 ms
4.00mS
RysC, = (22kQ+ T5kQ)IuF =970 ms | f, = L B N D
2m\1.64ms 97.0ms
Page 1147
2(1.5mA) 1
g, =————2=600mS | R,C =[100Q+1.3kQ 1uF =0.248 ms
0.5V 6.00mS
Ry C, = (4.3kQ+T5kQ)0.1uF =793 ms | f, = LN S S Ry
2w\ 0.248ms  7.93ms
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g, = 40(lmd) =400 mS | r, =0
"’ T .048

RC, = (le +100kQ|[ 2.5k + 101(3k€2”47k9)])0.1uF =7.52 ms

=2.50 kQ

2.5k + 100k 1<) (1 |
R,,C, =| 47kQ + 3kQ 100uF =470s | f, =— +——|=212Hz
101 2w\ 7.52ms  4.7s
i (B, +1)R, ( R )_ 1013k 474Q) ( 100kQ )_ r0.078
T Ry + (B )RR+ Ry ) 990Q+ 2.5k0+ 101(3k04740) (162 + 100k T
RC, = (1kQ+243kQ)0.1uF =24.4 ms | R,C, = (24k§2+ 1.3/@”% 4TuF =1.15 s
m
= L L) _6.66 Hz
2m\24. 4ms 1.15s
(&, ) oR +(243k9 ) 1mS(1.3kQ244Q) 0550
"R 4Ry 14 g, R\ 2445Q) |14 1mS(1 3k p4kQ)
Page 1152
C
C,=°"-C, C,=—12
/ L
40(10™)
(100 ud, 8 V =0.551 pF C,=—F——1—+-0551x10"" =0.722 pF
/ 7 3y 27(500 MHz)
3%
40(2x10-3)
(2 mA, 5 V =0.700 pF C,=—r—'--0.700x10" =24.8 pF
{ 4 3y 27(500 MHz)
T o0.67
40(5x10)
(50 m4, 8 V): — = _0551pF | C,= ~0.551x107"% = 636 pF

i 2Jr(500MHz)

/ 73V
O6V
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1
Cos = Cop == Cis =0.5 pF

\o}

g 2(0.01)(0.01)
Co +Cpp = w—"; | 5C,, +C,p = 27(200M1E) ~113pF | C,=188pF | C, =9.38pF
C 40(20
C, = - 2PE _ossipr |, <8n_ M=M—O.551pF=—O.296pF
V 73 w, 27(500 MHz)
1+ L1+-—=—
Q. 0.6V
Page 1158
A= Bu [P gl | R - 7.5kQ(1.51kQ + 250Q) = 1.43kQ
R +R \r +r,
= 1290 1904 skafiooke) - -139
2430 \1.76kQ

100

___ R [Bop | {1260 .
a R +R, (V,, RL) B (2260)(1.Slkg)(4'3kQHIOOkQ)_ 157

Page 1166

The term C, i 1s added to the value of C,.
v

J0

C, L =3pF H20) 188 pF | for = ! =1.39 MHz
r. 656 27(656Q)(156 + 18.8) pF
fom Bn U
27(C, +C,) 27(19.9+3)pF
= _ 0064 194 pF
27(500 MHz)
Cp =19.4+1/1+0.064(4120) + 4201 599 PF | fo = ! =837 kHz
656 27(656Q)290 pF
fo,=Bn o 00045 s | g -8 09945 405 Ghe

" 27C,  2a(19.4pF)
A,.. =135 1s not affected by the value of f.

B 27C, - Zn(lpF)

72
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Page 1167
4120 1

C, =10+2 |1+1.23mS(4.12kQ) + ——| = 30.4 pF - = 5.26 MHz
7 ( )* 5% PE1 T 27(9969)30.4 pF
fro B 12IMS oo | g o 8e _1BMS o046 ypy
27C;s  2(10 pF) 27C,,  27(2pF)
frm— B LBMS 6y

27(Cys +Cp)  27(12pF)

Page 1174
1+g,R, =1+0.064(100)=7.40 | R, =250+1560+101(100)=11.9 kQ

IOkQH30kQH1 1.94Q

rho = 11.9k8(882+250) <1030 @ | 4, - -0.821
16Q + 10k 3041 1.94Q
A = -0.821(%) =293 | f,= ! = 6.70 MH:z
' 2ﬂ(1.03k9) 19'97PF+O.5pF 14 204, 4120
74 1030
GBW =29.3(6.70 MHz) = 196 MHz
Page 1176
/ 3.96mS(17.0kQ
Ay = g,,,I,QL | g, = 2 = 100 =396mS | 4, = ( ) =+48.2
1+g' R, R4, e, 100 1+3.96mS(100Q)
40(0.1mA)
£, = ! =18.7 MHz | GBW =903 MHz
27(17.0kQ)(0.5 pF)
1 1
Ry =R,|—=1.3kQ|—— =265 Q
g, 3mS
1
A =0.726(g, R,)=0.726(3mS)(4.12kQ) = 8.98 = =9.66 MHz
" (8.%:) (3ms) ) LT 27(4.12kQ)(4 pF)
GBW =86.7 MHz | f, = _3mS 434 Mz
27(11pF)
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Page 1179
3mS(1 .23kQ)

R, =13kQR4kQ=123kQ | A,,=0.998 =0.785
1+ 3mS(1.23kQ)
1 1
Ju= - 0 50.9 MHz
" (kfpsorg) 1pF + 77
1+3.69
Page 1182
f, = ! =637 kHz | f,= ! = 6.33 MHz
271(25 MQ)1 pF 271(50.25kQ)0.5 pF
Page 1184
Differential Pair: 4,, = -g,R. =-40(99.0u4)(50kQ) = -198
40(99.0
g =M—0.5pF =0.761pF | r = 105340
27(500 MHz) 40(99.0u4)
Ju= ! = 3.18 MHz
271(250Q)(0.761pf +0.5 pF|1+198 + SOkC
250Q
ml
CC-CB Cascade: 4 = %(gmzec) - +% = 4+99.0
1+ gml()
m2
fy = ! = 6.37 MHz
" 2m(50kQ)(0.5pF)
Page 1185
g, =40(1.6mA)=64.0mS | r, = 100 56 k0 | C, =64‘0—m5-0.5pF =19.9 pF
64msS 27(500 MHz)
r 1.56 kQ
R S— = ~64.0mS)(4.12kQ) = -153
i R,+rx+rn( &R )= arm s 2500 136 K I )
1 1
= - =11.6 MHz
I 27 7,(C, +2C,) 27 (656Q)(19.9+1)pF
1 1
= - =7.02 MH:z
Ir: 2R, (C, +C,) 27 (4120)(0.5+5)pF
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0.02(100 0.02(25
L (10064) o9 | fy e - 254) 0 &
47 Coepr,y 4 (1pF) 47 Cygpr,, 4 (1pF)
Page 1193
X, = ! =7.69 MQ >>2.39 kQ
27(530Hz)39 pF
X, = ! =300 MQ | S51.8kQ[[l9.8kQ=143kQ | 300 MQ>>14.3 kQ
27(530 Hz )1 pF
X, = ! =239Q<<1.01MQ | X,= ! =5.08 mQ << 66.7 Q
27(667kHz)0.01uF 271(667kHz)4TuF
X, = ! =239 mQ << 2.69 kQ
27(667kHz ) |uF
Page 1198
Z - : --j3.18Q
27j(5MHz)0.01uF
Page 1199
() 7, = ! _459 MHz | r =2V VROV o600
2Jr\/(10yH)(100 pF +20pF) 3.2mA
100£Q[1004LQ|r
- | | 492 | Bw=2OMHz o3 344,
27(4.59 MHz)(10uH)

A4, =g, (10010042, ) = —\/2(0.005)(0.0032)(100kQHI 00k22[19.84Q) = -80.2

50V +10V -1.6V 10021004,

is unchanged r o= =18.3 kQ = =46.4
1o ged |, 3.2mA o 27(4.59 MHZ)(10utH)
Page 1203
Ryp=g, 5 = 8n LS(1+ Cﬂ) - a)TLS(1+ CGD)
Cos  Cos + Cop Cos Cos
Ry, =w,L; for Cgo>>Cp
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2
. Ry, B LZREQ _ (leO'Scm) 75€2
g = =

O 1, (Vos =) (400cm’/V - 5)(0.257)

=1.88x10° H

Page 1207

Ag=——=— | 2010g(l) =-994 dB
Anr & T

Ag=——"=—] 2010g(£) =-3.92 dB

Page 1210

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

p— (0‘7)(200;%1/):1.4 | 201og(ﬁ)=—7.02 dB

“100mV 7 - .

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

A5mV 1.4
= =045 20log(0.45)=-6.93 dB Note: — =0.446
A6 = Toomy | 20log(0.45) | .
Page 1212

fo—f,=20-0.01=19.99 MHz | f.+ f,=20+0.01=10.01 MHz
3f. - £, =60-0.01=59.99 MHz | 3f.+f,=60+0.01=60.01 MHz
5f. - f, =100-0.01=99.99 MHz | 5f.+ f, =100+0.01=100.01 MH=

Ay =4y = 3V
A
_ _ Yetu _
Aguy = Ay g = 3 =1v

Afc—fm
Asprp = Asp_y = 5 =067V
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CHAPTER 18

Page 1231

4
2
Veea =SV =Vy=5-0=50V | Vyy=5-Vo-Vy=5-07-(-07)=50V
(1md, 5.07), (1md, 0.7V), (1md4, 0.7V), (1md, 5.0 V)

IC4 = Ic3 = Icz = 101 =

=1lmd | V=07V | V=07V | V,=0V

Page 1234
With the output shorted, current cannot make it around the loop, so Ty = 0.

T, =0 is zero only if 7, is neglected since the votlage across r, must be zero for i, = 0.

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

m3
Ves = %(l)[”mHRmzHRLH”M (1 + gm’”m)] = (Vbz %}(%)[%4”&32”134
ol mlo1 J\ o1
| R R, 55K 110kQ
ro 55kQ

T= =0.0579

Evaluating Eq. 18.7 without R, Ty = g,,(r, 1| Ris2) = 0.04(35k554Q[5.1k2) = 172

Page 1239

U [gml (R3

el g R

1k£2H2.5kQ
970Q

rnZ

r -t
new — Lold R3HR1'32

19.2
1+19.2

(1+g,,R,) =-2.01 [1+0.045(300Q)] = -19.2

A4,=10 =950 | NowR,,=r,=° | R)=317kQ | R. =1.74kQ

1.86

Scaling using the previous result : 7. = —19.2(2—01) =178 | R, =31.7kQ 1+1738

1+0

=596kQ2

-1
10 _g61Q | RemovingR,: R, =|——- | -868Q
9.2 86.1 10

R, =1.74kQ
1+1
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Page 1241

1+ T,
R = RxD II—TZZ | Rf = RSHRiDIHR[GS = R3H2’”01HR1'G3 = 3kQH°°H°° = 3kQ
T,.=0 | T,,=T=61.1 | R, =3k£2(1i;?1)=48.3 Q
1.63V —(-5V)

I,=1, = g =0.500mA | I,,=1,=2.00md | I, = =0.510 mA

134€2

2(0.5mA)
Vig =35+ Vg, | Vig =1+ o =132V | Vo =35+132=482V
m

Vi, =5+132=632V | V,y=5-1.63=337V | Vpg,=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 1245
R, appears in parallel with 7, : 7] =7, HRi = 4.69kQH10kQ =3.19 kQ

T=-g,(R|(R: +7) ro)(r, :’; - ) - -0.0325(5k2(50k22 + 3.19k§2)”62.4k§2)(3 193]\;;29?0]@) __8.17
T F .
A, = Afj”l% =-50kQ | 581717 =-44.5 kQ
RY =rl|(Re + Re|f,) = 319950k + 5kQ62.4kQ) =3.01kQ | Ty =0 | [T,c|=]T]
R, =3.01kQ 1;27 =328 Q
R, = Rl |(Re + ) = 5kQ62.4kQ(50kQ + 3.19kQ) =426 kQ | T, =0 | |T,c|=|T|
R, =4.26kQ i;% —463 Q
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4= R, R, ) [ 45.1kQ 0k ) __ o
R+R N\R, +R, 2kQ + 3409 )\ 3362 + 10£Q '

ao] R R\ [ 451 20\ _ 4o
R+R \R _+R ) \10kQ+340Q)\336Q+2kQ)

7= -4, __ 48.5kQ =323 | g,= 1 L ! =2.50 mS
R.+ A, 50kQ-48.5kQ R \1+7) 12Q\1+323
R, = RF+L L) 50k€2 + ! ! =1.51kQ
g \1+T 2.5mS \1+32.3
Page 1250
T 306
T'is the same : |T|=306. fdeal = A =1 =0.997
‘ ‘ A A=A 1+7 \1+306
R, = Ry~ =10kQ=——=307Q@ | Te=0 | [n|-|7]
. s 3.16mS
R, =300 _1000
1+306
Page 1251
Tisthe same: [T|=306. | A“'=1 | A4,=A4" I3[ 390 14997
1+7 (14306
D 2 1 1
Ry =r,|1+ g, —|[|—=600kQ| =500Q | |T[=306
o & 2.00mS

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

400kQ|2004Q 3'16mS(10kQ) =-204
H )1+ 3.16mS(10kQ) -

T:S'C = _@(27«02 VO4) ngRF _ 3167”1S(
2 1+ ngRF 2

1+204
1+306

=334 Q

R, =500Q
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Tis the same: [T|=152. | 4/ & | A = Ak T 192|993
R, 14T 1+152
R., =(R,+ R,)HRIHL=4OkQH10kQH L _suo | 1.-0 | 1| = 7= 152
s 3.16mS
R =3040%% 1990
1+152
Page 1255
There are approximately 15 cycles in 0.8 usec: f = w(;)éﬂ =18.8 MHz
QUs
Page 1256
_ I 42(0.01)(0.0005)
= °m =\2K I = fr=— = 83.9 MH:
Jr 27 C +Cyp | g, Ao | Sra=Sn . Spf +1pF z
2(0.004)(0.0005 2(0.01)(0.002

e L APOOO00S) O]

21 Spf +1pF 2n  Spf +1pF
Page 1265
G, =g, = \/2(10-3)(5x10'5) _0316mS | R =r|r,=——= ! =500 kQ

221, 2(0.02)5x10°°

o (G L(0310m8) o 5y

2\ C.) 2m\ 20pF
[ N ! - ! 158 Hz

27| RC.(1+ 4,)| 27| RC.(1+uy,)| 27 1 [2(0.001)

500k(20pF ) 1+ .
0.02 | 5x10°
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2(0.001)5x107

fZEL%=L\/( )_]2 =796 MHz | R=—" = 1 = 1.00 kQ

27 C. 27 20x10 s \/2(0.001)5x10-“
G,y = 8,2 =40(5x107) =200 mS | R, =7, = O 4 sak0

40(5.5x107 4)
40(5x107"

£ G| L f200m8) 3 o | = Bas| o L (—“) - 106 MH:z

27\ C.) 2w\ 30pF 27\ C. | 2| 3x107
Ll B ! 4

27| rsCe(1+ 1) | 27| 4.54K9(30pF )1+ 40(50)
Page 1269
sr =190 _ 5 505100 Y —5.002

20pF s us
sr =190 5 001007 _ 5007

20pF s us
Page 1273
G,y = g, =40(2.5x107) =100 mS | f; = G /2 | 1[100mS) 5oy

27\ C. +Cyy | 4\ 50.8pF
¢y, =90 —tan™’ ISTMHz) | [ DTMHZ) || DTMAZ) [ 1TMEZ)_ g 5o
142 MHz 173 MHz 192 MH:z 206 MHz

Page 1277
sRe—h A5 4v00Y J1547

C.+C,ps O5pF s us
30° = tan™ S + tan™ _Sr +tan™' I — [, =16.6 MHz

49.2 MH:z 82.1MH:z 100 MHz
8.5 MHz
C.=65pF| —22= | _2pF =313 pF
c=>P (16.6MH2) P P
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When the circuit is drawn symmetrically, capacitor 2Cgp is 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 C+Cgst+4Cqp.

Page 1285
fr = 1 =5016 MHz | f, = ! =5.008 MHz
31.8fF(\7pF 31.8fF(25pF
2r 31.8mHM 2r_ |31.8mH fF( P )
7.0318 pF' 25.0318 pF
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