Microelectronic Circuit Design
Fifth Edition - Part I11

Solutions to Exercises
Updated - 07/20/15

CHAPTER 10

Page 522
(a) A,=]A]|4|=4x10*(2.75x10°) = 1.10x10"

v 253y ,
b) V. = J2PR, = [2(20W)(16Q) =253V | A =Ye_ 23V 50640
( ) 0 \/ o™ 'L \/ ( )( ) | v 1% 0005V X
[ Yo BV gegaq Y o 000V gie7uaia Lol 184 _ga8000
R, 160 R.+R._ 10kQ+20kQ 1.~ 0.167uA
253V (1.584)

= 4.79x10" | Checking:A =(5.06x103)(9.48x106)=4.80x101°
. 0.005V(0.167uA) ’

A4 =2010g(5060) = 74.1dB | A, = 20109(9.48x10°) =140 dB | A,,, =10log(4.80x10°) =107 dB

A,y =20l0g(4x10) =92.0dB | A,, = 20l0g(2.75x10°) =169 dB | A,,, =10l0g(1.10x10°) =130 dB

Page 529
1
G.=0,= =0.262uS | A=g,,=0.26 76)(50kR2) = 0.995
n = G 20K + 76(50kQ) usS | 021 2‘5( )( )
-1
1 1 75 g 262
=q,, = + + =262Q =— 22 = =-0.013!
Ru=%2= 500 * 200 * 200 | % (20k@)  (20kQ)
R, _ 1 _38ma | A=g, =0.995 | R)ut=i=262§2
11 22
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Page 530
R,=!" 1,=0 |1, #0" A =!
$$%

aa_at R+R.(_ LR 4R,(
A= AA = AR T A ST
$$$

% (% (
1 Rn 1 RL
V. =,/2P =,/2100W 8+)=40V V.= AV * *
’ R =y2100W)(8) Y '8&R +R,)&R, +R.)

% % 0 9
A=£,R+Rng, o +R{_ 40V 9kt +50k+ (90.5+ +8+ (4 ea
V& R, )& R ) 000V& 50k+ )& 8+ )

12 %0V (" 0.5+

_20l0g(4.68x10*) =934 dB | P= 2R _ - 05 _o5w
A = 20109(468:00) | Poiir, - hd 08
A=t lor iR )Y (54 4 50k+) = 275010°
Y 0.001V
A,, = 20l0g(2.75x10%) 169 dB

$8$

0 1)
_ A0V Dokt + 5kt (B +8+ (1 605 |4, = 2010g(1.6x10°) =104 dB
0.00V& B5k+ )& 8+ )

2 % 2
plig, IVEBY 100 w1 A=~ (5k+ +5k+)=5x107 (154 dB)
2 &8+ ) 2 Vv
Page 535
(a) The constant slope region spanning a maximum input range is between -0.5 V=v, <15V,
. o 1.5+(-0.5)
and the bias voltage V|, should be centered in this range: V; = ———~=V =+0.5 V.

Vo =Vp+Vy | -05V=05V+vy—=v,=-1V and 0.5V+v,<15—>v,=<+1V

S-1V=v,=+1V or ‘Vid‘slv and v =10V

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

Vo =10(V;p = 0.5V} =10(~0.5+0.25+0.755in1000t ) = (-2.5+ 7.5sin 10007t ) V | Vo =-2.5V
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Page 540

Vi :ﬂ:o_;[o(y =100mV | vy :ﬂ:o.oow =1.00mV
100 10*

_lv

V. =1.00x10°°V =10.0 uV
id 106 l’l

Page 542

., 360k#
A= g
0.5/

I =——=7.35uA io="i,="I="7.35uA
i 68k# ALL | 0 2 i Au

="5.29 | v,="5.240.5/)="2.65V

Page 544

1,:%:426;04 | L,=1,=426ud | I,=#I,=#426 ud

sz#%z#s.n |V, =#5.11(2V) =#102 ¥

Page 546

A, ="R,=" Z‘E’—;A;'o.zM# | R, =200kt

v ="Rji ="2x10°(5x10°sin2000% | =" 10sin2000%t
2% i

o

Page 548
36k" #3.80/
=1+>"—=419.0 =19.q#0.2V) = # 3.80V - _#100
A=l T =+190 | v, =19.G0.7) B TN TE ud
HHt#
39%" ; .
4,=1+="—=+400 | 4,, =20l0g(40.0=32.048 | R, =100¢" |$ =100k
v, =40.00.257)=10.0V | i,= 1004 o50ma
39k +1k"
HHt#
54
4, -10°-501 1+%_501 Re_5o0 ;- 10 o0 1m4
R R R,+R R +R
R+ R, &100¢"  501R &100k" ' R, &200" There are many possibilities.

(R, =200", R,=100£" ), but (R =220" , R,=110L" ) is a better solution since
resistor tolerances could causéo exceed.1mA4 in the first case.
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Page 551

: . 30k#
Inverting Amplifier: A, =" ——="20.0 =R =1.5k#
g Amp A="Tog | R.=R
v, ="20.40.18/)="3.00V | = Yo 1300 w0 .a
R~ 30k#
Non-Inverting Amplifier: A =1+ 30kt =+21.0 | Rn=¥=&=$
1. I, 0A
V,=21.q0.18/)=3.15V | ij=—-°_ = 313 _100uA

° R+R 30k# +1.5#

Add resistoR, in parallel with the op amp input as in the schemeatic on page 56B,withk# .

Page 552
A 2v§ 3 3 V,, 4v§ 3t ="6V | v,=("6sinl000"t" 6sin2000°t) V
wl aal”
The summing junction is a virtual ground,, = ﬁ =R=1k# | R,= ﬁ =R =2k#
I1 2
e Va =" _woma | 1,= Voo - "V _uoma | i,=("2sin1000¢t " 25in2000¢t) mA
R~ 3k# R~ 3k#
Page 555
Since i, =0, 1, -V - 273 UA
10kQ +100kQ

A, =10 160 1 v, =—10(3v-5v)=+200V | =Yoo Yoo e

10kQ 100kQ  100kQ
V,=V, R, _5 100KQ  _ 4545y

R,+R, ~10kQ+100kQ
1, :M:HSS uA | 1, :S—V:45.5 UA

100kQ 10kQ +100kQ
4,=-%2 150 1 v, =-18(8v-825v)=d50v | 1,=YeY-=Voo Vs

2kQ 36kQ  36kQ
v,=v,—fe_=gos K2 _ggi6y | g 2407810 g5 4

R +R, 2kQ+36kQ 36kQ
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Page 558
27x 10° ~400 50007
=- = — 4 =-400 =
A(s) =3 50000 S mid | Ti==
50007
BW = f, - f, =2.50kHz -0=2.50kHz | GBW =(400)(2.50kHz) =1.00 MHz

=2.50kHz

Page 559
Ju = * L =804 kHz

2m (14[1002)(200pF)
Page 561
AV(S):—250 | 4,=250 | f, =&:125Hz | f,=® | BW=w-125=w

1+
S

Page 562

1 d =15.8 Hz

fu- 27 (1k2100k)(0.14F )

5 ©R. C. Jaeger and T. N. Blalock
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Page 564
A,(j1)=50

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

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

25+4 1050
~25+2+ /10 23— 10

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

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

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

1703} =0-(-23.5")=+23.5°

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

14 10‘1‘”2 \/12 . (0.1 (0.95°)

(1- 0.952)2

Av(ja)) =

0.1(0.95) = 0-(44.3") = -44.3°

95°

£4,(j0.95)= 220~ tanl[

20

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

12

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

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

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

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



Page 565
A,(S) —n 2X107S - "400
(s+1oo)(s+ 50000) f 100& s &
éz’ (f’ 50000°
He & H#

) A(j*)="180+90°" tan"'g o & o f100&, L # 100 8
ool égoooo( %ook ™ o000t

) A(i0)="90" 0" 0="90°

#1100

) A(i100)="90°" tan"lg—fﬁ' tan ég—( (700" 457 0.57 =" 13¢°

. #50000& . #
) A(50000)="90°" tan I%QM éo—(- 90" 89.9" 45="225°

) A(i+)="90" 90" 90="270°

Page 568

26
A, =_E =-10°=-200 | R =R, =10k
1

1
R,=20R =200kQ | C=—— TN 265 pF

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

Page 570
R 20
A =-—2=-10=-100 | R =R, =18 kQ
1
R,=10R =180kQ | C= ! = ! =1.77 nF =1770 pF

I' R, 2" (5kHz)(18kQ)
Closest values: R, =10 kQ | R, =180 kQ | C =1800 pF

o 1 _(10v/2)( 1 _
R =R =10kQ | AV=——AT | C= — |(1ms)=0.05 uF
C 10kQ \10V
V,
0
i 2 4 6 8 ¢t (msec)
] ] ] ] -
-10Vt
7 ©R. C. Jaeger and T. N. Blalock
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Page 574

v, = —RC% =-(204Q)(0.02uF)(2.507)(20007) c0s2000t ) = ~6.28 0520007 V

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

Page 592
a2 2100 | 724p=29 21000 | 4, = 44T =10029%0- g9 g0
p 100 1+T 1001
v, _9.99%
=4v,=99.90.7)=9.991V =2 =———=999ur
vo AVVI q ) | v’d A 10‘5 IJ
A‘fdeal:_& | 1:14_&_)&:99 | A‘{deal:_gg I T:Aﬁ:ﬁ:looo
R B R R 100
Ideal T 1000
= :—99 :—9890
A=A, 1+T 1001
v, _-9.89%
=A4yv,=-98.90.7)=-9.89V g = =———=-98.9u)
v, = Ay, E{ ) | v 4 10° H

Values taken from OP27 specification sheet
(www.jaegerblalock.com or www.analog.com)
Values taken from OP27 specification sheet
(www.jaegerblalock.com or www.analog.com)

Page 593

wea _ 1 _ . R _ . 39kQ _ o 10* o
= —=]+2=1+ =+40.0 T=AB=—=250 =

A ; R KO I AB 20 | A=A

FGEzL:0.00398 or 0.398% | FGE=
1+T

e T _ 40@ =398

1+T 251

Ideal T 250
= ——=-39"""=_388 | FG
A=A 1+T 251 | 1+T

1 2000398 or 0398 % | FGEE%=O.4O%

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



Page 595
Values taken from OP77 specification sheet (www.jaegerblalock.com or www.analog.

Page 596

1472 R L p 302 499 | a-1l1 = 499(40) = 2.00x10"
R 0.1Q B

out

A, = A T | 4% =1+ B 1o PR 00
1+7 R
T=A4B=10" 1ke2 =249.7 | A =A" I _ 40297 393
0.05kQ + 39kQ + 1kQ 1+T 250.7
39k€2@.05) 4.20
A™ =14 —— L =441 | GE=442-400=420 | FGE=——=10.5%
1kQ(0.95) 40
_ 39kQ(0.95) ~370
™1y —pnr—2=363 | GE=363-40.0=-3.70 FGE=—"—"=-93%
1k(1.05) 40

Page 597

172K 72082 41909 | A=T 1 =1999100) = 2.00x10° or 106 dB
R 0.1Q B

out

Page 599
Values taken from opamp specification sheets (www.jaegerblalock.com or www.analog

10 ©R. C. Jaeger and T. N. Blalock
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Page 600
10k 1Mt % 10°

R, =R, (1+T) |T=A!l =10 P = =248
Ok! [1M! +390k! g 40.39
R, =1M! [1+248] =249 M|
/
i( :( L:( 1v :(402 nA | il :i | v, :Avldealivi :40@\;1. :39'8vi
Iy 398" 1v %
h=—"= $ =985 uA |Yes, [i|>>i
"R 2040 & M |Yes, [i|>>i]
n I ()/ 4
If weassume 1M! >>10kl T =A! =10*¢_ 10K 710" _ ey

F10k! +390k! & 40

m

R, =1M! [1+250] =251 M!

/
i =(===( v =(398nA | i=Ye | v, :Avlde“’Lvi :40@1;,. =39.8y,
R, 251M! R, 1+T 251

Iv, 398" 1V % .y
o = 72995 uA | Y
R~ a0 Sow @ oonA Ives fil>>lid

L=

Page 601

100kQ2

R, =1001Q | R*’=R =1000Q | 1Q or 0.1%
1+10°

Ry, = R+ Ry~ =UQ+1MQ

11 ©R. C. Jaeger and T. N. Blalock
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Page 609
el _ 9, M _q, 401
A R 10k<2

Rh = Ry + RJ|(R, + R,) = 25kQ + 10k (91kQ + 1kQ) = 34.0 kQ

Ry = R [R. + R||R, ] = 1kQ| [ 91k + 10kQ| 25kQ] = 990 Q
RIRe  _1o¢ 10k 25kQ

R+R + R1|| R, 1KQ + 91kQ +10kQ||25kQ

ldeal T 720

——=10.1
A=A 1+T 1+ 720

R,=R, (1+ T) = 34.0kQ (l+ 720) =245MQ

=A

=10.1

A% —14 R _1.3€ 161

R~ 10kQ
Ry =R +R,+R| (R, + R |R ) = 2kQ+ 25kQ + 10k ( 91K + 1k 5kQ) = 36.0 kQ

Ry = R [[R[[R+ R|(Rq + R )] = 5kQ[1k] [ 91kQ + 10k (25K + 2kQ2) | = 826

(AR R _10°_ KR 10kQ 818y,
R+R "JR|R+R+R KQ+ 5kQ " 1kQ 5KQ + 91K + 10kQ

Ry =R[(R+R ||R,) =10k (91ke + 1k 5kQ) = 9.02 kQ
(Vm) Re  _g1g 25kQ2

v, /R, +R,+R 9.02kQ + 25kQ + 2kQ

ideal | 568

——=10.1
A=A 1+T 1+ 568

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

=10.1

Continued on next page.

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

A =1+ 2—1+9ﬂ{9:10.1
R 10kQ
RC=R, =25kQ | R =R =1kQ
T=4, i —10‘1&:990
"R +R, 10kQ + 914kQ
A=t T 2101 999 —909

1+ T 1+990
R,=R)(1+7)= 25.0kQ(1+ 990) =24.8 MQ

A‘fdeal :1+&:1+ 9]]{9
R 10kQ

R =R, + R, + R|(R, + R,) = 5kQ + 25kQ + 10k (9UQ + 14Q) = 39.0 kQ

=101

R = (R + R,)| =149 92602 + 10k (2542 + 5kQ2)] =990
Vi = AV ﬁ RRCETTow 911?ck§ ok
0 2 1
R, = R||(R, + R,) =10kQ|( 914 + 14Q) = 9.02 kQ
Ve Re 980 2R =628
v, R, +R,+R, 9.02kQ + 25kQ + 5kQ
A = Aj"e“’ =101-°28 —101

1+T 1+628
R, =R, (L+T)=390kQ(1+ 628 =24.5 MQ

R()th
1+7 1+628

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

Wi
/L; i L o L ‘5‘:‘\/ > R \ Rid ‘VF’{‘:"V—‘VO
o Z 2 1K < 1K o
\—I 1A 11DK l 25K Jj— lmk l 25K T | {\J
N N N N N N N 1A1
RF L RF 91K -
WA, AN
R; = % = R]HRidH(RF + Ro) | Ry = ‘l}_o = R{)H(RF + RidHRI)
Page 615
Al =1 R =191k"
R, =R/ (R, +R,)=10k" ||(91k" +1k" )=9.02 k"
R, =R |(Rr+R,)=1k" |(91k" +10k" )=990 "
T:AOL:IO4 10K =980
R +R,+R, 1" +91k" +10k"
A=Al T —ygppn 980 1909 g
1+7 1+980
D n D n
= R, = 9.02k =9.19" R, :&:&:
1+7 14980 1+7 1+980
L
Al =1 R, =191k"
R) = id||(RF +R,)=25k" ||(91k“ +1K" )=19.7 k"
R, =R||(R,+R,)=1k" |(91k" +25k" )=991"
T=4— Ra —jpr__ DK =2137
R +R,.+R, 1£" +91k" +25k"
. :A,’;’e“liz! o1k 2137 =910 4
1+2137
D n D "
= R, _ 197k =921" R = Ry - 1 =0464"
1+T 1+2137 1+T 1+2137
14 ©R. C. Jaeger and T. N. Blalock
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Page 620

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

R, = R, + R|R, =1kQ +10kQ25kQ = 8.14 kQ
r=oYu|_Ra  _gggg_ 252 =877C
v, R, +R, 0.90%Q + 25kQ

1

. T o 1 [ 8770 ). 5100ms
R\1+T) 10kQ\1+8770

R, = R;(1+ T) = 259kQ(1+8770 = 227 MQ
R,, = R.,(1+T)=814kQ(1+8770 = 714 MQ

Page 624
A =1+ Ry 270
R 3kQ

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

=+10

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

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

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

T =10* )= 3555

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

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

=3.71Q

15

©R. C. Jaeger and T. N. Blalock
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Page 625
= R|[Ry =10k" [25k" =7.14k"
Aldeal :1+&:1+ 270(" :+1O
R~ 30k
R? =Ry|(R+R|R)=7.14k" |(270k +30k" ik ) =6.96 k"
Ry =R +R|(R+ R'd) =1k +30K" [(270k" +7.14K" ) =28.1K"

R|(R.+Ry) # &
R,

T= (
R|(R.+Ra)+ RSR,* R,
_ 30k" ||(270k" +7.14K" ) #oo714k & pnas
T 30K H(270|< +7.14K" )+1k" Broc +71a0
# 2485
A= +1®ﬁTT( = m( +9.96
R = Re _ 696K _ g

(1+T) 1+2485
Ry = RO,(1+T) =28.1k" (1+2485) = 7.01M"

Page 630:

Vo =Vos 7 +AA 0. 001v#1000§7_ 999 mV | V, = AV, =100(0.001V) =1.00V

Page 631

Values taken from opamp specification sheets (www.jaegerblalock.com or www.analog

Vo|#50(0.002/)$ "0.100V #V,, #+0.100V

Page 634

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

R= 39k#H1k# =975#

R =1/# is the closest 5% value, or one could use 39 k# and 1 k# resistors in parallel.

15my 1004
10k# (1oopF) 100pF

vo(t) = VOS+VOSt+IBZt | 15mV + t=15V'$ +=6.00ms
RC C

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

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

Page 637

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

20V
SmA

-1
=4kQ R1+R22(L—L) =20kQ

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

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

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

Page 638

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

Page 641

v, =Alv,+ Vi
CMRR

v = Al | Z2500{0.002- 222 _ 3750
CMRR s
v = Ay, +—Ye | Z2500[0.002+ 2 '0?0 =6250V | 3750 V <v, <6250 V
CMRR 10
Page 643
A(1+ 2CA14RR) 104(1+ : 104) 103(1+ 5 1103)
A, - al =1.000 4 = al =1.000
1+ 4)1- 1410 1- —— 14+10°)1- ——
2CMRR 2x10 2x10
17 ©R. C. Jaeger and T. N. Blalock
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Page 644

GE = FGE (4,)=5x107(1) =5x10"  Worst case occurs for negative CMRBE = 1, 1

CMRR
If both terms make equal contributiongt = CMRR = ﬁ =4x10* or 92 dB
DX
1 -1
For other cases CMRR =|5x107 - 1 or A=|5x10° -1
A CMRR

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

05

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

Page 645
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)
Page 649
100 n o 2#{(5x10° 7
A4,=10* =10 | ",=—"L-= ( )=10#=100# | fB=W=SOHZ
A, 10° 10° 2#

A(s)= o _ 107 #
s+", s+100#

$$%
n 6 6
Av(s) _ r_ 2#x 10 - 2#x 10
T 2#x 10 s+10#
S+—— s+
A, 2x10°
Page 652

90

90 6
4 =107 =31600 | £, =Ir=2¥10

A(S) =_Yr - ZE(SX:LOG) = 10 | AV(S) = 2ﬂ(5X106) = 10'w
s+, s+2:r(158) s+ 3167 S+2ﬂ(5x104) s+10x
A= Or p | Forw,>>w,: Aﬁs&Zl:—jl since w,, = fw,
s+ JWOy ]
18 ©R. C. Jaeger and T. N. Blalock
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Page 654

Y 6
A =109=31600 | f, = =29 —95g 147 | 1 11 =2MHZ g5,
A 31600 10
27 (5x10° 1071 2! (5x10° 10"

s)=
s+2/ (158) s+316/

Cs+2/ (16.Ox103)  5+3.20x10% 7

f, ! Bf =1(10MHZ)=10 MHz | f,, ! /J’fT:%(loMHz)=5MHz

Page 655
100 6
A =102 =10° | ;=1 =2040 g0y | g oy 21OMHZ_1OMHZ_ 15,
A 10 1om 1000
_ v 2#(107) _ oxao’# _ 2x10'# 2x10" #
AlS)=—i—= = A(s)= = ;
s+" s+2#(100) s+200# s+2.02x10"# s+2x10"#
Page 657
x SR_ 5x105V/s: . |t = SR :5X105V/S:7.96kHz
#  2%(20kH2) 28Ves  2%(10v)
Page 658
Values taken from opamp specification sheets (via www.jaegerblalock.com or www.analoc
. ", _2#(8MH2) 1
A =18x10° | f=8MHz | "g=—"T=—"—--=88% | RC=-—=———35
A 1.8x10 g 8.89%
19 ©R. C. Jaeger and T. N. Blalock
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Page 665
%

( % 2
0.01= ep'"#—$: | Let+:'m | $-,/L-0826
1" $%) & # ) 1++

,w =tan’ 2 = =709°
(Vas*+1" 257)
% (
cos(45°) =4/4%" +1" 2$*- $=0.420 | Overshoot =100% exp: " —3=234%
'1u $2
Settling within the 10% error bars requires. .t/ 13. 0.  / 13 =1.3x10°rad /s

0°s

6 2
= 2(1+ ,Abl)z\/, . AL :\/1, L f= fn2/ (1.3x10 /2#)

E Tloe):428kHz

Page 666

" T(j#,) =$180 % 3tan$1% ~180% #, =3

‘T(j#180)‘ = > = > =>

: =2 | GM=2=160 or 40808
(ei+1] (fa+1) ® °

20 ©R. C. Jaeger and T. N. Blalock
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Page 670
From the upper graplthe final value of the first step is 5 m¥nd the peak of the response

approximatelydmV + 2m V(i’smm) =5.7 mV. Overshoot 100%5'7"15Vﬂ =14 %
m m
2
014=exd-—"° | | Letx=[="%14) _03017 | ¢ = - =05305
N1-E2 T 1+x
¢ =tan” £ -4

]

From the lower graphthe final value of the first step is 5 m¥nd the peak of the response

approximatelyomV +5mV 10mm) _ 9.2 mV. Overshoot 100%M =84 %
12mm S5mV
2
084=exg——"2_| | Letx=[="084 _03080 | ¢ = - =0.05541
N &2 T 1+x
¢, =tanm! 2% — =6.34°
(w/4;4 +1- 2;2)
The uA741 curves will be distorted by slew rate limiting.
21 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 12

Page 688
R, 68k# _
= "2zt ———="252 R, ,=R,=R,  =R=27k#
AVA 14\)3 AVC Rl 2 7k# | 1
The op-amps are ideal: R, =R, =R, =0

A=A, 4,40 =(" 25-2)3 ="16000 | R,=R,, =27k | R, =R, =0

12

$ o7

P N s S 27
4,=("252) Og}m% *0.99252) | WZ * 0,99
_2TH s 09950 + R, *13.6#4
R, + 2.7kt
Page 693
A(0)=50(25)=1250 | |A(") \:TS:
$ ., ')$ ' ,

H He )=2% ("2) +4.935¢10°" 2 +3.896x10°° =0
(%; (10000%)*} %: (20000%)°) o) "
2 -6025a0° % 7, =263a0°* £, =28240 _ 41001,
+++

A(0)=+100(66.7)(50) =+3.33x10°  |A(",,)|= +3.9:7§><105 = +2.36x10°
2 5 % b

) ).
100(?0# Z(%: 15000% %;%f (20050#)2 °

> +7.156x10°" || +1.486x10°" 2 +8.562x10°" =
_21 7XZI.O3

+

R G

Using MATLAB, ", =217x10°* f, = =3450Hz

+++

1

A(0)=(+30) =+270x10" | f, =(333kHZV2? +1=17.0 kHz

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



Page 699

130K"
1+
Aa = 22K"

Vo5 =0.0046.909° =330mV | v,, =0.00M(6.909° =2.28V

=6.909 | v, =0.0016.909=6.91mV | v,,=000M(6.909" =477 mV
o1 02

Vg = 0.00N(6.909)5 =157V >15V. # v =V "> =15V
Vos =15V(6.909 =104V >15V. # Vo =™ =15V

Page 702

V, "V _5.001V" 4.999V
V=V +I Vy =V, | =-A "B = =1.00 pA
A 1 RZ | B 2 Rz | ZR 2k# l‘l

V, =V, + IR, =5.001V +1.00uA(49k# ) =5.05 V
V, =V, " IR, =4.999V " 1.00uA(49k#) =495V

$ R $ 10k# !
Vo —)(5.05" 4.95)="0.100 V
5 R o007 4)
Page 705
n 2 n 2
Ap(s)=——==—— | 4,(0)=-2=1or 0dB
s +s °+"3 0
1 L "2 AR " $1°'°
ForQ = E ALP(] )_#”2 \/—” ”3 | ‘ALP(] H)‘ _(,,3#,,2) $om 2 2,,2 gq/_az

HH#
To increase the cutoff frequency from 5 kHz to 10 kHz while maintaining the resistanc

the samewe must decrease the capacitances by a facﬁ%%nl?zz =2

+ clzo'os“F:o.owF | c2=0'0;“F =0.005 uF
HH#

23 ©R. C. Jaeger and T. N. Blalock
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Page 706
To decrease the cutoff frequency from 5 kHz to 2 kHz, we must increase the

resistances by a factor of ; KHz 5 50 R = R, =2.50(2.26k# ) = 5.65 kit
VA

2
Q= £—R=£=L | Q is unchanged.

L= E—VRRZ R2+ZRR2+R22=2RR2" Rz=$R22 -- can't be done!

% (
JRR. d@_ 1 R(R+R), . . 1
Q- $4JRR*=0" R=R" Q. =
R+R dR (R4R)22/RR f ?
Page 707
o —? _ & K
[Ane (2.) K‘—a)02+j(3—K)12+lj‘_3—K lAH”(]!”)_ﬁLQO
1
= =5.19 kHz
2! [10kQ(20k<) (0.0047uF ) (0.001uF)
-1
10kQ 4.7nF +1.0nF (1_2) ZOkQ(l.OnF) —0.829
"IV 20@ JA-7nF (1.0nF) 10kQ(4.7nF)
Page 708
Q:E@ _i @: "1 "1) = 2 Q:Ed_(‘):K
X QdK % T (3--K)2()Q I QdK °
1 3
=—# KQ=3Q"1 S=3Q"1=-"="1=1.12
Q 3" K Q=3Q X =3 72
Page 709
R, =2kQ2kQ =1kQ | f, = ! _879Hz | Q=+ 8K, 53
271/1kQ(82kQ)(0.02uF )(0.02uF
\1Q(82k0)(0.024F (0,024 21 ke
24 ©R. C. Jaeger and T. N. Blalock
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Page 711

%
SQ =ng Clq: 1 R1R2'0 C Q 05
@ 0dq Q&\/CC R+Ryg 02G
R, dQ 1 ]G
Sg =2—= =R =Z.]=( S; =0
R, QdRZ I Rl 2( Q 2 CZ( R,
)))
. Ra’* R+)1 * . Cd*_C"‘ 1. %, _
Sp" =5 p) Se = AR CZ?_)_ )1
g_EQ:EM_EQZ: 0= K_
0dK 0 (3) k) © 3) K
)))
*u_ﬁﬂ_ﬁ-'- *o th—) +R§: )1 R3
fo % 4R 2R, [ dR, 2Rth R/ 2 R +R,
R R Syt
f2 % dR, *, 2R, "2
*v_ﬁﬂ_ﬁ-'- *"GdR’h:) R3 :I-R_;’:)l Rl
s *o de *0’ 2Rth/ dRS 2Rth,R§/ 2R1+R3
.o_Ccdt,_CH e
c _*_E_*__) C?—)l
SQ _ﬁd_Q_ﬁ-'-) Q thh :) R +R510 )1 R3
% QdR Q. 2R,[dR ' 2R, R’] '2R+R,
o _R, dO _ R+Qb_+g
R
> QdR, Q,2R,] 2
0 R dO RN O R, ) B TRL 1 R
B Q0drR, Q) 2Rth/dR 2R, RZ] "2R+R,
0_CdO _Cyy_ sw_ C dBW _ C+BW
0= -%0)=0 | 5= )1
QdC Q BW dC BW c f~
25
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Page 712

(@) R=R, =526 ) =113k | G=20%F

0.01uF

=0.004uF | C,=

=0.002 uF
f = 1
° 2#\/(11.3k" )(11.3k" )(0.004uF ) (0.0024F )

o [ 1(0.004F)(0.0024F) 2o
V113k" 0.004uF +0.002uF 3
k- D\ . _ 0.02uF
() R =R =0885226Kk )=2.00k" | C = 0885

=4980Hz

=0.0226uF | C,= 06081',;; =0.0113uF

1
f =
" 2#:)(200k" )(2.00k" )(0.02264F )(0.0113F)

0.022 F 0011 F
o= [0 P0ZFIO0IF) o,

0.0226uF + o 0113F 3

=4980Hz

$$%
- 1 L | o- {—SZK 1/(0.02uF )(0.02uF) .
2#\/(2|<' |2k (82K )(0.0ZyF)(0.0ZuF 0.02uF + 0 02uF
The values of the resistors are unchanded: C, = 0.024F _ 0.005 uF
[ - 1 _3520Hz | Q= /825'- 1(0.005.F)(0.0051F) ses
2#\/(1k" )(82k" )(0.0051F )(0.005uF) k" 0.005uF +0.005uF
Page 714
"V :#3\/, —#2PF v =woav
C, 0.5pF

Vo(T)=0+" v, =#04V | V(5T)=0+5"v, =#20V | V,(9T)=0+9"v, =#36V

Page 716
4 FO25 F
. __f CC 20CkHz IO IO 106 kHz
3pF 3pF
3 F 3 F
o= \/qc 4pF p pF) o | ayyo fo o 106KHZ o0
C1+C 0.25pF 3pF + 3pF Q 2
4pF
5% =3 G 5 2PF _g800
Aa( ) 2R 2C, 05pF
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Page 719
0.01100001, = (2% +2'°+2'°) =0.37890625,, | 0.10001000,=(2'"+2'°) =053125,

Page 720
Vo _ 5. 12V (211+29+27+25+23 2 ) 3.41250 V
Vi = 5.;§V =1.25mMV | Vg = 5. 122\/ 256V
Page 722

08Ves! 0.1V

Vs =V, (000)=0.100 Vg | Vg = =01V,

Page 723
2R=1kl | 4R=2Kk | 8R=4k! | 16R=8kl | 32R=16k! | 64R=32k!
128R=64 k! | 256R=128k! | R=500"

Page 724

Rrotaj—R+2R+2R+(nI 1)(2R+R):(3n+2)R| Riga = (3x8+2)(]k )=26 K"
Frl

R=1k" | 2R=2Kk" | 4R=4Kk" | 8R=8K" | 16R=16k" | 32R=32k"
64R=64 K" | 128R=128Kk" | 256R=256 k" | R, =511k"

Ingeneral: R, =R(2°+2'+.. 42" +2") = (2™ 1 )R | R, =(2"*! k" =511K"

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

(21+22+...+2“):2(2°+22+ +2”'1) 2(2“11) 2 2
2" =1024 resistors | 2" 2=2046 switches.

Page 726
(a) Ingeneral: Cryy =C(2°+2+..+2")=(2™1 )C | Cyy, =(2"*! 1)1pF =511 pF
(b) Ingenerd: C;,, =2C+2C+(n! 1)(2C+C)=(3n+1)C | Cy,, =25(1pF)=25pF

25pF  _ 25x10'"
c) A= m* =5000 unm?
© 5fF/um®  5x10'*° H H
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Page 727

8
Vig= % =1953mV | 1.2V 2LB

=61.44 LB | Theclosest codeis 61, =00111101,

Page 729

2""10° | n" M:lQ.QS# n" 20 bits
log2

$$%

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

The maximum code width is 2.5 LSB corresponding to output code 1(
DNL=25%$1=15LSB

At code 110,the ADC transfer characteristic is 1 LSB off of the fitted li

%INL=1LSB
Page 730
n 12 1 (
max _2_ 2 _=2048ms | N, = 1 _ 1 _ 4gg Conversion:
fo  2x10 T 2.048ms second
Page 731
n 12 1 1 conversions
I=—=—7=600us | N, =-=—=167,000 ————
Jo  2x10 T, 6us second
Page 734
T n 8
Vi =LfVR(z)dz AL pes e Ve 2 20001 2 )4 100 g
RC+ RC Ve Vi fo 502V \1MHz
Page 735
n+l 17 .
T =2_= 26 _0.131s | N, - 1 _ 1 _763 conversions
Jfe  10°Hz ™ 0.131s second
Page 736

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

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

28 ©R. C. Jaeger and T. N. Blalock
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Page 744

1 3(0.6V)
f, = =159kHz | |v|= =3.00V
2n(10k€2)(1nF) o _10kQ)( 24kQ) 2440
10kQ 12kQ ] 10kQ

SPICEResults15.90 kHz, 3.33 V

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

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

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

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

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

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

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

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

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

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

Page 748
_ 20k #102k" 82v

Vg = = =200V
© 20Kk $3.24K" ( )

Page 750

vV, =! LVEE -1 qov=10990V
" R+R, 1K" +9.1K"

v,=+—R oy = K goy-10000vV

+ m cc = 1K +9.1K"
V, =0.990V ! (! O.990V) =198V

29 ©R. C. Jaeger and T. N. Blalock
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Page 751
1+ n "

R 6.8k$

T=2RCIn—— |
1#"

%+ 0.5(

T =2(10k$ )(0.001uF) |n&1# 0-5; =2197us |

"R+R, 68Kk +68kS

Page 752

W RO 22
R+R, 22k# +18k#

% +5v_(
L+ 055@%
T :(1]](#)(0.002uF)In:1$—0’.7:
& 5 )

=13.0 us

=0550 | T =(11i#)(0.002uF)In

T

%

* =
+1$0.550«
& )

204 us

min = 204415 +13.0us = 334 s

30
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CHAPTER 13

Page 773
: l. _15mA I 1.5mA
a) At the oint: ".=-=="—=100 I C 2> =1.04fA
(a) Q point: " =€ = 2 0)Is= v egww&
AR (Y PEV
(0 R, :_le = 85—X =1.6K) (d) Yes. With the given applied signahe smallest value of_. is
I H

V&' =5V * 05mA3.3K) ) =3.35V which exceeds,e =0.708V. (€] A, = 20log* 206 = 46.3 dB

Page 774
(a) No: vg;“ " 2.7V with v #V,,, =4#1=3V, so the transistor has entered the triode re
(b) Choose two points on thev characteristics. For example,

o o

L56mA=—" 35#V,,)" and LomA= — 3.04V,,)"

Solving forK, andV;,, yields SOd;l/—AZ‘ and 1V respectively.

(c) Aus =20l0g#4.13=123 dB

Page 775
Vo= 2K 1o/ -300v | Reg=10K" [30K" =7.5K"

=0 10k" +30K" ' © '

Voo SV
lc =# g =# EQ$ = = 30v$0.v =145mA
Reo + (# +1R, 7.5K" +(101)(1.5K" )
=12$ 4300/ $1500 20 1.45 357V
Vee g (-45mA =

1'45mA(7.5k" )=289V
0

=Veo $ 1R = 3.00$
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Page 776

ve(t)=Ve +ve =(5.8-1.1sin20007) ¥ | v (t)=V;+0= 1.45mA(%)(1.5k€2) =220V
i|= % =0.256mA | £i,=180° | i(t)=-0.265in2000m mA | v,(t)="V,+v,(t)

1.45mA

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

XC=L= ! =0318Q | X.<<R,
oC  20007(500uF )
Page 779
R, =20k" |62k =151K" | R =82k'[10k"' =7.58K"
Page 783
[ = VA e 0.025/ _ ,c oy 1= 0.025V _ 0.
Iy +1g 1fA SOuA
= 0.02% _ 155+ | r,= 0.02% _g 33y
2mA 3A
Hit
$ 1
= 0.02%/ _ 167+ | KT =g;8.62x10*SX (37%)=0.0322V | r,= 00324 _ 514
1.5mA qa % KZ 1.5mA
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Page 788

#, 75
=401, = 40(50uA)=2.00mS | r. ="o=_"> =375k}
O =401 = 40(50uA) | 2 “5ms
V,+Ve _ 60V +5V
r,= = =1.30 M$ =g,r, =2mg1.30M$ ) = 2600
o] Ic 50,UA | :uf gmo q )
Y
# _ 50
=40l = 40(25QuA)=100mS | r. =2 =_—"—_=500k$
gy = 40l = 40(250uA) | 2= Toms

V,+Vee _ 75V +15V
r = =
Tl 250uA

=360k$ | K =g,f, =10m360ks$)=3600

The slope of the output characteristics is zepd/, =& andr, =&.

#FO: #F = F_I_C_%:]_oo | m:L_05_mA_625 S
1+£ s  15uA Vge  8mM
VA
#0:'#:%:100 | r. :i:£:1.60k$ | r. = IV.BE: 8mV :160k$
i, 5SuA g, 625mS iy 0.5mA100
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Page 798
A«="0,R ="9.80m18k#)="176 | Ten percent of the input signal is being lost

by voltage division between source resistancarfe the amplifier input resistance.

Assume the @point remains constant.

T N V0 104kt 128k
(8) Re =15 = ggoma =128 4F | A= 980ms(18k#)8;k# + 104kt [12.86#

(b) R™* =1.1(18k#) =198 k# | R™ =0.9(18k#)=162k#
7 104k 102k

$="143
gli +104ks# [10.2ks )

°/sn98k#( " 143 %98k#(
&LGZk#) &LGZk#)

- %6.2k ( _ %08k (
Checking A™ = A™™ "1590.9)="143 | A™ = parom =ZORT §
G A=A e q0.9) T

%
(0) Vee =12V " 22K 1, " 13K 1 =12V " 0275mA&22k# +%)113k#§ =234V

(.
)

A" ="9.80mY16.2k )

Almax A’mln —_n 175

=" 159(1.1) ="175

9, =400275mA) =110 mS | Ry =ty %Os_g.ogk#

70 104kt 009kt
glic#t +104K6#9.09k

A, ="11.0mg18k# ). x="177

AT +" 10V ="10(20)="200 | g,, =40l =40(10QuA) =4.00mS | RB—r$———4—=25k#

V, +Vee _ 50V +10v
= AIC CE = 10GA =600k# | W =g,f,=4mg600k# )= 2400
) RelRe _RfRs

'R +Ry|Rs

% 15(]<#H25k#

A="0| gBk# + 150k |25k

="4, 00m9(100k# HGOG(#)

(.
)
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Page 799

Veg=— 0K 12417V | Rq =160 |300k" =104 k"
160k" +300K"
Veo 8V,
NP Ve AINSON  _open

" Rt (# +)R 104" +(103(13«" )

%
Vee =12$22000; $13000 . =12%$2200¢0.245mA) $1300%;L%(0'245M) =3.39V

$$%
% (% 1.38x10°%%(300)
|C:|Sexp&£l+h£ | VT:E: (19 )
&Vr )& V,) q 1.6x10°
| = 0.245mA _
S % 07 (% 339%$0.7(
exp ]+ *
80.025875&, 75 )

=.025875V

422fA

Page 802
(a) g9,= \/2Kn| o(L+ “Vos) = \/2(1mA/v2)(0.25mA)[1+ 0.02(5)| =0.742ms

1

T+VDS
= =NV %0k | =g, =0.742mg220¢4 ) =163

T, 250uA
O =+/2K,1 5 (1+ "Vos) = /2(ImA/V?)(5mA[1+0.02(10)] = 346 mS

1 +VDS

n

_ 50v +10v
°T T, 5mA
(b) The slope of the output characteristics is zeod; =0 andr, =$.
2.1V

=120 | W =9,f, =346mJ12# ) =415

o e
For the positive change inyg,, = Yy &33¢# —13ms
Wss 0.5V

Page 803

" 0.2(Vgs #Vpy) =02 2'—0:021/2(2$:100v |
UesTIN T K, TV 20mAv: T

Page 804

. £ 075 _i4s | +=_075 g

2N, +28  2V0+06 2v/3+06

v,/ " 0.005V

Vs
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Page 806
" 5mA2mA|[1+0.02(5
gmzz\/l"ss‘l'ay\(/l‘+ Ves) :2\/ A mQL‘+ 20) =3.32mS
P

1
W tVos 5oy +5v

Ty 2mA

% (% (
Vig =Vt 1# |10 g =poviis |2 = 0. 735y
& |Dss) & 5mA)

=275k$ | g =g,f,=3.32mg27.5k$)=91.3

Vol +0.2(Vos #V; ) = 0.2(#0.735+2) = 0.253V

Page 813
15 M"
T 15M" +2.2M"
Neglect# in hand calculations of the-@oint.

%51 0 (

4.87=V,+12000, | 4.87=V+12000 2y ;k(ves$1)2
&

NS BV, $1.87=0+ V., =1981V | I ,=241uA

Vps =12$22000,, $12000, =381V | Q-point: (241uA, 3.81V)

1V =487V | Rqo=15M"[22M" =892k

$$%
The small signal model appears in Fig. 13.27(c).
$$%
2(24iluA) 1V K, 2x10%
Ves $V,y 4| ———2% =0.491V . $ =$24.4 M=—2="C =4
es T 2x10% A 0.49V | K, 5x10*
Page 815
100(0.025/
Lot 100002%) e | RF=Rr. =1046[345 =334Ks
I 0.725mA
Page 816
CS e . , _ 68" _
-°=680k" [LOM" =405K" | Veanen™ g 1 Voo = 04000

= 15M Voo =0.405/,, | No change. The gate voltages are the ¢

V. =
EQold 1 5MK" +2.2M"
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Page 821
From Ex. 13.6 4, =230 and A, ="203. |A|<<y,

#

#
Ves = VP? o ?
0.5

&
0. 25mA 0500V

0.2(Vgs " vp) 0.2("0.5

.):203v

Vgs )

SPICEResults
*=0: Q-point=(250pA, 475V) | *=002V'*: Q-point=(257 uA 454 V)

Page 824

0
1.=245u4 | V=339V | I, —245@6—6 =249 uA

Py = Vg + 1V, = 24514(3.39) + 2255“"4 (0.7)=0.833mw

Ve (Vy _Vee (Ve +1:R;) _12(0.7( 0.249n4(136) )

PS:VCC(IC+12) | L= R R = 3000) =26.9u4
Py =12V(245u4 + 26.9u4) = 3.26 m W
(((
Py =1,V =241A(3.8%) =0.918mW | Py =V,,(I,+1,)
_ Vyy 12 _ _ _
=% -L:DR2 =151 +220 3.24p4 | Py =12V(241ud +3.24u4) = 2.93mW

Page 826
(2) iy min[ 1R, (Veg #Vee )| = min[245uA(22k8 ),(3.39#0.7)v| =269 V

\,, is limited by the value o¥_..
(b) Vi ™ min[15Ry ,(Vos # Vossar)] = min[241uA(22k$ ), (3.81# 0.989v| = 2.83V

Limited by the value of.
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CHAPTER 14

Page 844
160K!

5 7160kl +300k!

Vo " Vee "
. =100 41nv” 0.V =0.245 mA

Ielg= " Reg + ( )RE 104k! +(101)(13k! )

Ve =12" 220001 " 130001 . =12" 22000(0 245mA) " 130009 101&(0 245mA) 339V

12V =417V | Ry, =160K! ||300k! =104 k!

gm:4OIC=4O(0.245mA) 9.80mS | r, :—°:91£210.2 k!

m

- VA +VCE - 53.4v =218 kI | U =g, f, = 2140

Il 0.245mA

o]

_ 1.5M!
15M! +22M!
Neglect # in hand calculations of the Q-point.

12V =487V | R,=15M! ||2.2M! =892 k!

4.87=\+120001, | 4.87= VGS+12000%§ﬂKZVGS"1

VA" BV " 1.87=0) Vi, =1.981V | I, =241 A
Vs =12 220001, " 120001, =3.81V | Q-point: (241 uA, 3.81V)
"4V _ 538V

=J2K I, = \/2(5x10"4)(2.41x10"4) =0.491mS | r, = » a2 k!
H; = 0yf, =110
Page 845
R, =160k" [300k" =104 k" | R,=3.00k" | R, =22k"[100k" =18.0 k"
Ry =15M" [22M" =892 k" | Ry=200k" | R, =22k"|[l00K" =18.0 k"
#it#
R, =160k" |300k" =104 k" | R, =13k" [100k" =11.5 k"
Ry =15M"[2.2M" =892 k" | R, =12k" [100K" =10.7 k"
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Page 847

R=2K | R=13k' | R =22K'[100k" =180 K"
R=2K | R=12k' | R =22k [l00k" =18.0 k"
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Page 859
V_,#V.

(a)lc" “EQT BE o IC$—1
R+R R+R

| 1o =0.245mA

13k%

ey GR . 4R _,R[R
For largeg, Rz, A —#m #g_#T

For A;F™ makeR. andR, large andR. small.

R =1.1(22k9%)1.1(100k%) =19.8 k%

R =0.9(3k%0) =2.7 k% | I, =0245mA X% 0251 mA | 9,=40(0.251 A =10.0 mS
12.7k%
rg=—2 =10 00k | Rs =10.0k%+101(2.7k%) =283 k%
g, 10.0mS

10.0mg19.8k%0) {  104kogP283koe ¥

- =#6.98

A(I:Emax :#

CEmin

- makeR. andR, small andR. large.

R =1.1(3k%) =33 k% | I =0.245mA1133’;<°/0

For

1+ 10.0ms(2.7k%)§1k%+ 104k94283k%6- B

Yo

R =0.9(22k%)[0.9(100k%) = 16.2 k%

=0239 mA | g,,=40(0.239 mA =9.56 mS

rg=—°=————=105k% | Ry =10.5k%+101(3.3k%) = 344 k%

9.56mg16.2k%) { 104kof344kon *

- =#4.70

1+9.56mg(3.3k90) ) 1k%+ 104 ko344 k9%

(b) Assume theollector current does not change.

= ST o=12819% | R, =12.8k%+126(3.0k%) = 391 k%

1+ 9.80mS(3k%);1k%+ 104939 1k%"

CE:#

9.80mg18ky) { 104koq391kn *

=#5.73 The gain is essentially unchanged.

( 101

+
(€) Vee =Vec # 1R #1 (R + R ) =12V #0.275mA§22k%+ﬁ13k% =234V

234V > 0.7V  Therefore the transistor is still in the active region.
' 100

g, llm
1Lomgiskes) ( 104koq312k6  *

A=
1+11.0mg3k%) y 1k%6+ 104 k94312k%
Continued on the next page

S

=#5.75 The gain is essentially unchanged.
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Page 859 cont.

# 100(2k" ) &
= ( —_— 1 —_ n
R. = 320k" f; (]k o )+102k e, =517M" | kR =314¢2K" )=6.28M

Re <iR | Ry =517M" [22k" =219K" | R, <<y R
)))
1

. 1
im R = lim r,pl+ —— % 3=+ rofea( sy
Rex+ R+ [ Ry+r +F£2 I R 2

Page 861
Rs =102k +10%1k" ) =111K"

9.80mg(L8k" ) $ 104k L1

A':#1+980mS(1k' )&k‘ +104K" 112" 2 =180 | R=13¢ #l 212K
#t#

%Sy _ kT _1.38x10%(300) _
IC = |SeX : BE%%+ \;B% | VT —F— 160)(10#19 =.025875V

_ 0.245mA _
'S5 "5 07 'S asaonor 2N

'56025875)(& 100 %
Hit#
AT * #10V, =#10(20)=#200 | g,, =40l =40(10QUA) =4.00mS | R, =T, _—m_%oszzw'
V, +Ve _ 50V +10V . o O\ =

r,= AIC CE = 100 =600K' | W =g,f,=4mg600k" )=2400

-« RJRs ' 3 1501 |25k -
AF =#9,(Re|r,) R +RJR. = #4.00mg100K" |6O0K )%k 150 [z 2—#278
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Page 868
15M"

P T1EM" +2.2M"
Neglect # in hand calculations of the Q - point.

487=V, +12000, | 487=V, + 12000(; E”‘101543(*(1/% $1)°
2 $5V.$1.87=0+ V, =1981V | I,=241ud
V,s =12$22000, $12000, =3.817 | Q-point: (241ud, 3817V)
$$$
A5, = 20log|$4.50 = $13.1dB
$$%
R, =102k" +1001k" ) =11%"
9.80ms(18k" ) % 104k 11m" o )
. ¥=$160 | R,=13" $1Lk" =12k
1+9.80mS(Ik" ) glk" +104k" [11%" ) ’

0.503n5(18k" ) % "
A5 =% 18" ) o 89% *(<=$6.02 | R, =12k" $1&" =11k"
1+ 0.503nS(1k" ) &Lk" +892" )

(iii) R, =102k" +10413" )=1.32 M"

12V =487V | Ry, =15M"|22M" =892k

CE _
=

0.80mS(18k" ) % 104k 1320 ( !
A" =% 18" : H =%136 | 4~ , $ B 18 _ 138
1+9.80mS(13k" ) gl +104k" |1.32M" R, +R, 13"
0.503nS(18k" ) % " "
A% =% ( ) 7289 £=$1.29 | A%, $ Ry =$18 =$1.50
1+0.503nS(12k" ) &1k" + 892" ) R +R, 12"
Page 869
-23
= %K (273K +27K)=25861mV | I = e _ 2454 =0.430 4
1.602x107"° K

Vi 0.700V
exp— exg——
v, 0.025861V

18kQ
R, =-9.80m$l18kQ) = -176 CF o =-6.00 | 5.72<6.00
s 18kQ
g,R, =-0.503m$I8kQ) =-9.05 | A" = g =200 | 4.50<9.00
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Page 873

R, =160kQ300kQ2=104kQ | R, =r,(1+g,R,)= 022'2 VA [1+10mS(11.5k0)|=1.16 MQ
Zom.
v, <0.0057(1+ ngL)% =0.005/[1+10mS(1 1.5/«9)]M =0.592 7
Ry|R, 95.4kQ
R 2kQ +892kQ
v, 0.2(Vos = Vi (14 g,R, ) I;GRG =02()[1+ 0.51715(10.7/cg2)]8;’2—1{Q =127V
Page 878
p, = 8RR, 001 6073 | 0491mgR 0973 > R =73.4kQ
892kQ 1+(0.491mgR

R[100kQ = 73.4kQ — R =276 k@ | Note, however,that the 12 & resistor

cant simply be replaced with a 27&kesistor because of-@oint problems.

R =10.2kQ+101(13kQ) =1.32MQ | RS® =104kQ[l.32MQ = 96.4kQ

9.80mYg13kQ

o == Ji3ko) 204K ) _ 697
1+9.80mS(13k£2) 2kQ + 96.4kQ
0.491mY12kQ

;o =— q12k2) BO2KQ_ ) _ 10853
1+0.491ms(12k9) 2kQ + 892k

BJT: g,R =9.80mg11.5kQ)=113 | FET: g,R =0.491mg10.7kQ) =5.25

Page 881

BJT: v, " 0.008/(1+g,R )RT;F% =0.008/[L+ 9.8m[2k# )]?}%é =119 mv
0

NeglectingR,, v, " 0.008/(L+g,,R ) = 0.005/[1+9.8mg2k# )| =103mV

. i} +R _ 20t + 120 _
FET: v, " 0.2Vss * Vi )(1+ 9,R) R F%RG =0.20.983[1+ 0.491ns(2k#)]w = 454 mV
NeglectingR,, v, " 0.2Vas * Vi )(1+ 9,R ) =0.2(0.983[1+0.49 g 2le# )| =389 mV
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Page 882

' 100173 )
—r&.+ "Ry —pqgpx &+ O( ) ) = 3.40 M*
% R, +r#2 § 173 +102k* )

Or more approximately, R. =7, [1+ ng,h] =219%* [1+ 9.8mS (1.73k* )] =3.93 M*
Ry =r,[1+g,R,| =223 [1+0.49Y17% )| = 410"

Page 886
11$
H—&
"0 % R
Ry Ry R,
A/CB_ngL 'm =ngL T =ngL
m 70 +—
. Rty
Om

co _ R, 1 R I, R %
A g’“RLRs +R 1, %RR  1+g,R,” R6+R%
R+R

The voltage gains are proportional to the load resistance

CE 22k($ CG 22k($
AS —848# (§7_ +104 | A _412# (§70_ +5.02

18Kk(

CB:A™®) g,R =176 | A,CB*i= R _ =104 | 8.48<10.4<<176
R, R|R 1.73k(

CG:A°) g,R =884 | A,CB*i= R__18&( 105 | 4.11<8.84<105
Ry R[R 171k(
- ! $

R* 1.1 Rl Ves'Ve | Re_ 1,2, 2 2 1

g, 40I. g, 2, Rs 401."Vgs' Viy% 40(1) 20

Page 893

o1 [ =1 (), o0

tor\(w/L), 1+02\ 4 1
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Page 895
"=0 | I,,=1y | Both transistors are in the active region sijge= V.

104 %( 2 10% %( _
Neglecting#: 7 —)(5$ 5 $1) _T&I)(V $1) + V, =2.00V

. %( 10™ 98(
Keeping#: T&_§(5$V $1) [1+002(5$v )] T&E)(V $1) (1+0.02v,) +

V, =2.0064V, |, =42139 uA+ Q$point: (201V, 421uA)
$$%
I, =1, | Both transistors are in the active region sMee=V,_..

2

% %
K, =10 2_0£ = 2x10®’53‘ﬁ2 | K,=4x10® 5_0£ — 20 A | The transistors are symmetri
&1) Vv &1) Vv

V= V% - % =165V | I, = %&%’;(1 65$0.7) [1+0.02(1.65)] =932 A

Q$point: (1.65V, 932 uA)

Page 898
Since we need high gaithe emitter should be bypasseadR:" = Fg”r.. =250k# .
% 100
If we chooseR, $r., I. = $ =5 A
% 40 " 40(500k#) H

&&&

ce ¢ 1 1

s — lc $———~ =125 A

o | e 202k M
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Page 902
Common - Emitter ;
1

C, >> =8.07nF | Choose C, =82 nF =0.082 uF
2n(250Hz)(1k§2 + 77.9k€2)
C, >> ! _6.13nF | Choose C, = 68 nF =0.068 uF
211(250Hz)(21 9kQ + 82kQ)
C, >> ! =0.269urF Choose C, =2.7 ul’
2n(250Hz) 10kl 3k0+ !
9.80mS

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

C, >> ! =6.15nF |

2n(250Hz)(21 S5kQ + 82k£2)
1

C >>

=713pF | Choose C, =8200 pF

Choose C, =68 nF' =0.068 ul’

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

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

Page 905

Common - Collector :

C >> ! =6.60nf" | Choose C, =68 nF =0.068 uF
27(250 Hz)(15Q + 95.5kQ)

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

2n(250Hz)(1 20Q + 82k£2)

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

C, >> ! =7.60nF |

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

C >>

=713pF | Choose C, =8200 pF

Choose C, =82 nF =0.082 uF

46
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Page 908
Common - Base:

1
271 (250 Hz ) (1kL2+0.1kQ)

1

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

1
” 21(250Hz)160k300k%2[ 10242 + 101 (13k 2] 14<2)

Common - Gate:

C, >>

=0.579uF | Choose C, =6.8 uF

C >

=122nF | Choose C,=0.12 uF

1

2! (250 Hz)(1kQ +1.74kQ)
C,>> ! =6.19nF | Choose C, =0.068 urF
27 (250Hz)(20.9kQ + 82kQ)

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

C, >>

=0.232uF | Choose C,=2.2 uF

C, >>

=714pF | Choose C, =8200 pF

Page 909
(a) Common " Source :

1

C,= =553nF | Choose C,=0.056 uF
Y% .
l;2k$ +

1

+
2#(1000—|z)-10k$ WS)*B

(b) Common " Collector :

1
C.>> 2#(2000Hz)(1205 +100k$ )

(c) Common " Gate :

Cl >> 1
2#(100(]—Iz)(2k$ + 1.74k$)

=795pF | Choose C, =820pF

=426nF | Choose C =0.042 uF
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Page 913
20V =V +3600, | 20=V + 3600%20(VGS ! 1.5)2 # Vy,s=2203V | I, =494 mA

Vos =5" ("Ves) =720V | Q-point: (4.94mA,7.20V) | R,=R,=22M$

co_ 9.R _ 2(4'94mA) _ _ _ cD _
=Sl | g =\ ) =142mS = 36005 30005 =1630% =0.95¢
A 1+ g, R g (220" 150V IR | A
CD _ 1 —_ 1 — 0 n —
D = 3.6k$ 0" 3.6k$ H0.0142_ 6918 | v,,%0.2(220 1.50)[1+ 0.0142(163()] =3.38V
1+VDS 1 54001
r =& = 0-0156 sog Tl48KS | R =360 [300G5 [14.8k$ =1470$ | A =0.954
5 .

L K' 5x10° 1

Page 914
2(4.94mA
_ 8l | g, =(—)=14.2 mS | Rg=3600Q | A =0981 | R, =R, =22MQ
1+g R, (220-1.50)r
RSP = 3.6kQ . 3.6kQ L 69.1Q | AP =4 3000<2 =0.959
g, 0.0142 69.1Q + 3000Q
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Page 917
Reverse the direction of the arrow on the emitter of the transistor as well

as the values of V; and V..

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

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

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

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

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

1 1
- = =48.2 kH.

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

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

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

b =44.6 kHz

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

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

10% tolerances /" =

= 410u4

R® 75 B
v, = =v,—————(13.2mS)(8200Q) =54.1v, | R, =R =8.2kQ
ETTo RCBg’"RC 759+75( ) ) .| out
46 Yo _Vu 1004€2 1004€2 —50.0
© Ty v R, +100kQ T 82kQ+100kQ
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Page 923

fi= ! = ! =48.2 kHz

27 (R, +R,)C, 2! (75! +75! )(0.022uF)
A= ! = ! =39.8 kHz

2/ (R,+R,,)C, 2/ (100! +100k! )(20pF)

1 1
= = =494 kHz
Uy (RJ1/g,)Cs 2! (9.1k! [|500! )(0.0068uF)
We have three almost identical poles and can estimate f, by applying the bandwidth shrinkage factor
#. &

from Table 14.13 to the mean of the three frequencies: f, " 1.95 %’4 8.2+ 393 8+494 (kHz =89 kHz
)))
r"r = L - ! =333 k!

o o

1, 0015(2x10%)

or more exactly V,,=25)10°1,) 9.1x10°I, =25) 1.09x10° (0 2mA) 3.18V
1+ 1

- +3.18
p=l 220015 T _34941 | R =100k l100K! 349! =43.7 k!

I, 2x10’

R, 2(02mA)

A® =) (g,R n__ = 43.7
=) (s L)R,+Rm ) 0.2V §755| 751( )
)))

001 _ _ _
I, -7(025) =0.3125mA | V)V, =025V | V,=025)2=)175V

50(0.25V

2 Wa o 1TV _seon v sen 1R =24 =002 g 1k ookt =40

I, 03125mA g, 03125mA

R,=66.7k! * 68 k! | C, remains unchanged.

1
C,>> =1.90pF * Choose C, =20 pF
77107 (68K +100k1 ) © 2T

1

C,>> =0.853nF * Choose C; =8200 pF

10%/ o 6k! H
2.5mS

)))
v, =V —RiiG R —75'
R TIR A FT

| |
oot v 100K 100K

" v, v R, +100k! 100k! +100k!

1

2mS)(100k! )=100v, | R, =R =100 k!
( )( ) i th out
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Page 925

K

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

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

Vs = IS—SmA(SZOQ) =109V

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

M, 0.02(5mA)

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

c =

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

150 .o 80+5.41

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

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

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

78.4mS 1.96mA

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

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

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

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

( 1MQ )=898

20 log(898) = 59.1 dB

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

GS VTN

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

R, = 3300

ut

+
0.0796S  90.1

( 1 3990)=55'9 o

Note that the answers are obtained directly from SPICE.

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

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

Page 956
IC=0(FIE=% % —938uA |V, =15-938uA(75kQ)~(-0.7V)=8.67V
o[ 15-v,, | I
I =0, =—|—2: | and V,=0025VIn|——|—=1.=947uA, V,. =0.649 V
TR 61| 2(75kQ) " (O.leO"sA) ‘ H T
L=t O94TUA 41930
Ve exp(o.mov)
Py, 25.9mV
Page 958
v, =v,-v,=101-0990=0020 V | v = Vlzvz _LOI+09 100y
b=y —v, =4995-5005=-0010 V | v =2tV #995+5005 54
id 1 2 ic 2
Vod = Add vid + Acd vic | voc = Adcvid + ACL'Vic
[ 220 002 1.00
. =[ A, A, ] YR ]e[ A, A, ]=[ 100 0.20 ]

LOO2 | Fg A, || 002 100 T s 4, ][ 0100 100 ]
| 5.001 -0.01 5.00

Page 963
Differential output: A, = A =!20V,=!300 | A,=0 | CMRR="

Single-ended output: A, = 7" =+10V, =150 | A, =! % =105

CMRR=20Vi =300 | CMRR, =20log(300)=49.5 dB

Page 966
# " 0T
Z{,, 100% R, %5 0.7
+ 101§5RC 15
=530V
+ 100# R. &
+
*

1+ —o04C '
101$(3RC( L

V=15V
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Page 967
15/

v,
Ipe = I ——2=100ud - -80
DC SS RSS Q’l‘A 750Q ‘LLA
Page 970
I,= % =100 ud | Vps =12 IR, + Vi =12 -100ud(62kQ) + Vs = 5.8V + Vg
Vos = Vi + %=VTN+0.2V | Vi =140.75({V +0.6-406) | s —(-12)

n

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

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

Page 974
R,=2r" Vo= SV _3o0m# | Re" 2 Ree =2(40)(60)(1M# ) = 4.80 G#
° 1. 375uA ©
— — — 3 T ch — ch — 7
lim = OVem = 40(37.50AN,, =1.5X10%v,,, | i, TV =5.00x10"v,
Page 978
100" 150uA% 15v
I, = e, "o 2 (2)“ ~ TABUA | 1 = 200 =750UA | Ve, =15) 0=150V
Ve =15) 743uAL0K( )) ()0.7)=150V | Ve, =15) (743uA) 7.5uA)(10k( )) ()0.7) =150V
_ _ T5QuA 15 5
Vigs = (743;1A) 75uA)(10k( )—O.668V | |33_W/ 1.87x10
0.025&
55 ©R. C. Jaeger and T. N. Blalock

07/20/15



Page 981

e _ _ . _ _ 8400  _
=560 (15)=8400 | Ic," 50(UA)=50uA | A= 28 FOQUAL 221C
1+ —0o
1008500A
. _ _ 8400  _
o " BOIUA) =50 uA | A, = 287 5mAL” 290
100$50uA
)))
50 15V
=2r, =2——=50k+ , ——— =30k+
R 40(50uA) | Ruc 55ma
50 15v
=2r, =2——=50k+ , == =30k+
R 40(50uA) | Ru ga
)))

=560 (1.5) =840

Page 982
CMRR! ¢.,R =40 (50,uA) (750k" ) =1500 | CMRR =20log (1500) =63.5dB

Page 983
_ I @( #eoRer 8( # 0.7r. 8( 560V,
m O/{W Omaf 03 /fW 4OIC3r03)) 800 /{r VA3 A
r"3
A, = 560V, _ 560/A3 - 560V, . 560V,,
1+ 740103& 1+ CZR30/r( 1+ 4(( ) 03( 1+ 28?2@
03 $les *03 ér o3Pic2
+++
=560 (75)=42000 | I, 50(1uA) =50 uA
42000 42000
= =11000 =1450
P , 287500uA& A e #emAl
100§6§0/JA ( 1oo§§ouA(
+++
Rn =2r, = 25—0 =50 k- | RJut ) r03 = M =180k-
40(50uA) 0.5mA
R=2r.=2 20 =50k | R,) Y =180k
40(50uA) 5mA
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Page 988
A,=-350 | A,= —22mS(150kQH162kQH203kQ) = -1238

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

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

vt3

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

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

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

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

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

"TIT 6921 “T14 T 1+6920
R, =R, (1+ Ty ) =101kQ(6921) = R, (1+ T) =699 MQ  (Assuming T,,. <<1)
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Page 990

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

=163 kQ

Ves; =1+

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

1

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

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

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

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

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

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

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

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

150(18.4k9)
18.84kQ + 18.4kQ

R,—0 | R, =432Q [n }= 32.5 MQ

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

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

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

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

75+ 115)
=1.33mW | wuﬂl%kg | 150

DI
195u4 40(195u4)

R,

=19.3 kQ

T

150(18k€2)
78.2kQ +19.3kQ + 18kQ

R, =446kQ|1+

=10.9 MQ

15V

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

R = 750kQ(

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

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

+
1804€2 + 18.75k€2 + 40.0k€2

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

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

n

K, 25uA/V? 1

n

W _K, 249mA/V® _99.6
L

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

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

2.49mA

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

1 [2(249x107)

R =u.R
Mt =001V 189510

out

N

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

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

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

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

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

Vo, 2V, =V.=-V, +0.690 V
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Page 1040
0.5A

S5A

4.3A

()MRi_—_OS | MRZ-—-250 | MR,=——=4.30
2A A
(b) MRi_ﬂ_OAQO | MRz_ﬂ—239 | MR, = 4.3 =4.02
1.5 35 53
1+= 1+ — 1+ —
75 75 75
1+]6'g 1+]6'g 1+65O
60 75 60 75 60 75
Page 1041
10/1 20/1
o, =100uAl —— [=200 uA | 1., =100uA 400 uA
02 M(S/l) u 03 M(S/l) u
40/1 25/1
o, =100uAl —— =800 uA | I, =100uA 50 uA
04 M(S/l) u 05 M(S/l) u
1o, =200uA L 20200) _osp A 11, =400 A1+002(5) 423 uA
02— Al’t 1+0.02(2) - M o3 — Al’t (2)_ M
1+0.02(12 1+0.02(8
lo, =800 ;rTz((z))=954“A | los=S0uA— * ((3 55.8 uA
lo, =10uA 17-746 uA 1 1oy =5(746uA)=373 uA | 1, =10(746uA)=74.6 uA
1+—
50
1+;(()) 1+;(())
lo, = 10uA 07, 7 =8.86 uA | |O3=50,,¢A1+0‘7 £=44.3/,¢A
50 50 50 50
1,10
- 50 _
Io4_100MA1 ﬂ 7 88.6 uA
50 50
Page 1042
Mr=—210  —g957 | FE=1079957_ 4 310° | Vigo =V ¥ Vs =14V
B ——
50(51)
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Page 1043

MOS
1+0.02(10 +
|02:200HA#:231 UA | ut22M:260 k"
1+0.02(2) 231UA
1+0.02(5 +
PRI S PR A P
1+0.02(2) P 423uA
BJT
(10
Iy, = 10A——0 =101 pA | R, =N IOV 504w
0.7, 17 10.14A
50 100
110
lg, =50pA——0 =507 uA | uw:M:]_lg M"
+Oi+1i 50.7uA
50 100
Page 1044
1,07V L, lov
1., =100uA 0_750" s—=894uA | I ,=500uA 0_750" 5—529uA
+——+—— +——+——
50V 50V 50V 50V
Rt 1 _2800 | n222M4 595 | g 2VHIOV_ 44340
8 40(89.4MA) 89.4uA 529uA
Page 1045
1, Jov
2(100uA oV
Vog =V =0.75V + (—“2) 120V 1 1, =100pA—30 117 A
50V
R 1L 1 _ooqw 1 n=lHA 47 R, SOV g3k
O \2(107)(107) 100pA 117uA
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Page 1046
rer A, 70 0.025/ 100/JA
iﬁ AE& 250A izsuA 3
"100uA % " 75v %

=3000(

K=1+In 5' 4.00 4— =120 M
A& | Rou= F250AS (
Page 1047
%
Vi In e AEZ' 0025/ Ind‘ 100QuA, ) |, =30054 uA
ol &
" % ! %
K=1 |n§M10 2202 | R, = i =550k(
30054uA & 30054uA&
Page 1048

# &
=1 2'REF‘V;-- lo (W/L)l( | | ZOQuA " 1
R\ K, 9$o |rer (WIL), °~ 2k) 25MA/vgE 20QuA o
# &
= 2.00MmAR" +|—2—(* 1, =764uA
° B \Zoomal " o= 704

R, = M%H 2000\/2(2.5x10"4)(7.64x10"4)f‘= 176K)

764uA
Page 1051

%

R o 150550V HISVIE oy R _p L SVHIV

2 2 ¥ S0uA & 50uA
)))
SPICE: 1,=127M( | R, =115.8 M(

" % %
p=150g + VCB'-ISOgl E 2193* R, ! 127M(§ﬂ =123 M(
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Page 1053

2(5x10‘5)
Ve, = Vis, = 0.8V + Sedo” =143V | V., =15-1.43=136V

O(:)LlSV +13.6V O(:)LlSV +1.43Vv
= = -4 -5 : : =
Ry, = Usaloy \/2(2.5x10 )(5x107°)[1+0.015(13.6) | = = 379 MQ
R)ut = ro :667V—+]'5\/:163 MQ
S0uA

!
R, =1 1006V HAN) g amq | R, =r, =2V VY o same

2 2\ 50uA 50uA
Page 1057

10V - 200
I, =25014ud + ———" = 25008
0 16660 ud

Va2 Viga—Viy =02V | V,, 2V, +02V | V,,2095+02=115V

= 207 =400MQ | Choose R

o =1 GQ.
OnA

I,=50ud+0.1% | Al,<50n4 | R

out

2
r= 2 _1MQ -y, 21000 | Mfg% 2Kk =[0'701(1000)l WT“A=2.5M—A

50uAd I, " 2
3
(wiL), =(w/L), = 2507 50 (wrL), =(w/L) _1(30)_25
2 4 5x10 1 3 o 2\1 1
Page 1058
5V -0.7V 7.5V -0.7V
Loy =————=100 lopr =—— =158
REF 43kQ Au‘A | REF 43k9 Au‘A
. . VD _(_VS‘S)
Since the transistors have the same parameters, V,, = ECe—
4 -4
Iy =1y = 00 (16671 =89.0 wd | 1, =1, =0 (2.5-1) = 450 d
I = 0.025V In 5-14 01ud | I, = 0.025V 75-14

)=103,uA

6.8kQ 10-16(391@) 6.8k 10-16(39k9
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Page 1059

% I, A 0.025v
[,=-LIn|-E£2| | [, = In|10(10)|=115 uA
0= % ( El) o o n[10(10)]=115 4

Cc2

Ve + Ve =2 Ve, + Ve, =14V

T=300 K & TCR=-2000 ppm/°C
_lal 1 10R

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

Page 1061
R= 2 %1' \F '%—8 65 k(
_\/ 5(25x10'°)(10°“) # 508

Page 1062

les AEZ% 0.02587% | 25% 925 (
lc) 451A 25 &

AE=A | AEZ-ZSAE 25A | A,=A | A,=558A,=558A

R= TIn

Page 1066

A
Vorar = V1 ln( AE2

E1l

): (2757mV)In(20)=8259my | R = V'}W 28259V _ 33010
E

2514

Vet =V, In oy =(27.57m”)In 2941 _ 067921
I 0.5/4

51
Ry Voo + I =V _ 112+ 3(0.02753 -0.6792
R 2V prar 2(0.08259

=3.169 | R,=3169R =105kQ

Vo =V + 2% Vorsr =0.6792+2(3.169)(0.08259 =1.203 ¥
1

The other resistors remain the same.
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Page 1069

250uA 2(125uA)
lps=lp,=lp, =1p, = =125 uA | Vo =07V + |— "1 175V
p3 = lpa = Ip1 = Ipy u [ 250/JA/V2
2(125uA
Vi, =-0.75V - (—“)2 —-187V
“ 200uA/V
Vo =V, =V = (5-1.87)=(~1.75) =488 V | Vg, =Vg, =187V
M, and M, :(125 UA, 488 V) | M; and M, :(125 UA, 1.87 V)
Gy = Gy =42(2.5x107)(1.25x10) =250 S
R = [ - 752V 4488V 75 2VHL8TV _oig | A -G.R =785
125uA | 125pA
Page 1070
. $1 2Ky $1 2K
CMRR ufBQmZ&S % 2}<n2|D2 RSS n2'D2

K=Ky | 15,=1p; | CMRR=

- (0.005)107 =599x10° or 136dB

Page 1074

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

m

For the buffered current mirror, the error currentis ! i = ZI—C
ﬁFO4 (ﬁFOll + 1)
i AL 2(0.025V
AL R/ | ( ) 770 v
8 ﬁF04 (ﬁFOl] )#I & ﬁF04(/3F011 ) 80(81)
Page 1075
Ale ﬁ()SIC_Z :@:50
I 3

For thewhole amplifier: A, =A,A,A; | A,=u,;=40(75=3000 | A, =1
A, =50(3000)(1)=150000 | Note that this assumes R, = .
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Page 1076
, #l
$ \ #HLO* $ -
CMRR—i L L yo=2& 1 4 L

H / - 5
* o3 002,Llf2#2gm2 R, 2/ 4-100§|'0C(40)(75) 2(40)(10#4)(107)3{ 5.45x10° 0 135dB

Page 1081

n [1] | I #O 5 n u 4 60+14 n [1]
A" AcAsAs | A" B2 #=REE 208 =225 | A" 2 9 /) 1500 | A,"1
| 2 5l 10 2

C5
Am" 5(1500(1) = 7500 assuming the input resistance of the emitter followers is much greate

r andV,; =V,.. Checking r" M=149k$ | Rge" #,cR =300M$
500uA
_ _ oA .. 150 _
s =10l.,=101.,% A, =10A | R, —2r&1—2m—150k$
Page 1083
2242214 0.025V . (1.09mA
[, =222 1 09mA | I = In —1,=20.0
REr 39kQ '15/@(1)1 ud
L2347 14 213V

1,=0.75(1 .09mA)¢ -1.08md | I, =0.25(1.09mA)¢ =351 ud

07V 2 07V 2

+———— +————

60V 50 60V 50

R, - m[mn les AEzo]=60V+l3-5V 1+ln(wl)]=m o
o Ay, 18.4ud 18.4ud
Page 1087
2(60V
Ve = Vigs + 2248 0.7 4 20r) -1.90
e 100
Page 1090
R, =R R =2 1.3, =2 013 4O+ 13) 20.1MQI 1.1MQ = 7.15 MQ
7.25u4 )| T\ 7.16u4

Page 1092

A, =" 146x10°(6.54M#|R,,;) =" 1.46x10°*(6.54M# [20.7k# ) =" 3.01
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Page 1094
50(0.025)

R =rus+ (/3015 + I)RL = W + 51(2k9) =103 £Q2
0.025V [ 0.025V
Ry =Ty + (7 + B )| Ry = et [0216% + 344/@]”1031@ =79.4 kQ
50(0.0257')
R, =————=+51(79.4kQ) = 4.06 MQ
0.216mA
-1
Ry = (s + R s + LotV | [ 002V 5y | 0025V, STOKRQ+89.1KL) ) o7 1)
o B.,+1 | \0.216mA4 0.216mA 51
76 =50%=625 Q | R, =M+27=78 Q
m 51
Lo, =27V _osoma | 1y =-9T _ 318 m4
27Q 22Q
Page 1097
R vo 5 vo 1
v, = v, =K, vv K, =—=—=0.2 K, =—=—=1
o (IEER1R3) 172 M7172 | M ‘vlvz‘ 52 | M ‘VIVZ‘ 12
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CHAPTER 17

Page 1116

2

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

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

" =——=159 kHz
2

Page 1119
1 1

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

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

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

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

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

=21.7 kHz

135

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

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

r,=

r =57.5kQ

1

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

Wp, =

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

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

r, 1s responsible for most of the discrepancy. r, and 3, will also be differ from our hand calculations.

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

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

43kQ250Q

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

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

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

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

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

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

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

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

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

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

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

uo
@r | 1+ Ves
quc

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

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

[\

‘. 2(0.01)(0.01)
Coo+Cyp = o~ | 5C,,+C, = 7 (2OOMIT) " 113pF | C,, =188 pF | C. =938 pF
C 40(20uA
C,=—m . 2PF _gss51pr 1 =80, =M—O.551pF=—0296 pF
Ve \/ 7.3V o, 27 (500 MHz)
I+—*£ I+——
@ 0.6V
Page 1142
R, B
A =——n “R,| | R,=75kQ|1.51kQ+250Q) =143k
R +R \r +r,
=220 104 skafiooke) - -139
2430 \ 1.76kQ
4 =L [Pop | 12604 100 (4.3k0[100kQ) = -157
R+R \r 2260 | 1.514Q
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Page 1152

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

o

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

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

mid —

2aC,  2x(1pF)

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

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

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

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

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

(a) C;=10+2 [1+1.23mS(4.12kQ)+ 4120] =304 pF | f, = : =5.26 MHz
996 27(9969Q)30.4pF
fo=Bn o AW g6 1 p e 8n o 123MS o059 yp
27Cys  27(10pF) 2aCy,  27(2pF)
= & _ 1.23mS 163 MHz
27(Ces+Cy) 2m(12pF)
4120 1
(b) C,=10+2 [1+1.23mS(4.12kQ)+——|=285pF | f, = =431 MHz
1296 27 (1296Q)28.5pF
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Page 1160
1+g,R, =1+0.064(100)=7.40 | R, =250+1560+101(100)=11.9 kQ

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

= =0.821
1kQ + 10kQ||30kQ1 1.94Q
A, = —0.821(27%) =-293 | f, = ! =6.70 MHz
' 2n(1.03kQ)M+O.SpF l+ﬁ+@
7.4 1030
GBW =29.3(6.70 MHz) = 196 MHz
Page 1161
! 3.96mS(17.0kQ
A= tefe g P 10 =396mS | A=t ( ) g2
1+¢ R, R 9504 100 1+3.96mS(100Q)
40(0.1mA)
fu= ! =18.7 MHz | GBW =903 MHz
271(17.0kQ)(0.5pF)
Page 1162
Ry =R, |- = 1.3kQHL =265 Q
& 3mS
1
A .. =0726(g,R, )=0.726(3mS)(4.12kQ2)=8.98 | = =9.66 MHz
e (8.R.) (3mS)( ) T 27 (4.12kQ) (4 pF)
GBW =86.7 MHz | f, sﬂ =434 MHz
27(11pF)
75 ©R. C. Jaeger and T. N. Blalock

07/20/15



Page 1164
g, =40(1.5mA)=60.0 mS 1, = WO 1670 ¢ = 009MS wspr_186pF
- 06 2! (500MHz)

Using Eq. (17.138): @, = !

# 18.6pF 4
990! +150! )| 67k! +101(2.82k! )¥ 0.5pF + (
{(9901 +1501 )| 67kt +101( )%Pg P v 60.0ms (2.82k1 )
|
fum o030 Mz 1 A, < QOMSQE) o0,
27 1+60.0ms (2.82k! )

100K [§30! +1.67K +101(2.82K ) =09867 | A, =09867(0.9941)=0.981
"I +100k! @S0! +1.67k +101(2.82k! )% '

3msS (1.23k! )

R, =13k |24k =123k | A, =0998 ~0.785
() R, | i 1+3ms(1.23k1 )
I
£i) — . ~50.9 MHz
27 10pF -
1k |430k1 ), 1pF
( 4306 ) 1o+ 1 6o
I
() fy) = - =40.7 MHz
27 (2501 +1k 430K ), 1pF+ 1OPF
¥ 14369,
Page 1166
10=29707 Y oo ma 1 g =401 =d00mS 1 1, =2 =375k
93 kQ 40mS
R - Rol[r+r +("o +1)Re ] _ 9.3ke[0+3.75kQ +(151)0.2kQ] 165 kO
2 2
A R, 3750 +9300
-1 200|———=|@=302 2
R = RIEES = 00T 2200
1 1
fPl_2_ C
Rl ()R] |
£, =2LI ! =637 MHz
" {9.3ke[3.75kQ+(151)0.2kQ]} | 1.7pF + —1PF
1+2(40mS) 200Q
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Page 1170

f, = L ~637kHz | f, = ! - 6.33 MHz
27(25M1 ) 1pF 27(5025K )0.5pF

Page 1171
Differential Pair : Ay, =-g,R; = -40(99.0uA)(50kQ) = -198
C, =M—0.5 pF=0.761pF | r, =$=25.3 kQ
27(500 MHz) 40(99.0uA)
f, = ! = 3.18 MHz
271(250R)(0.761pf +0.5 pF(l +198 + SOkQ)
250Q
1
g”“() 198
CC-CB Cascade: A, = ﬁ(gm&) =+ = +99.0
1+ gml(l)
gm2
1
Ch 271(50kQ)(0.5 pF) 037 MRz
Page 1172
100 64.0mS
g, =40(1.6mA)=640mS | r, =TIk |G- M-o.slﬁ =19.9 pF
r, _ 1.56 k2 B __
mid = m(_g”’RL) " S820 72500+ 136 O OmS)(412k2) = -153
1 1
= ro(C, +2C,) 27 (656Q)(19.9+1)pF 1.6 Mz
1 1
Jr2 = 27R,(C,+C,)  2m(4120Q)(0.5+5)pF 702 MHz
Page 1173
S " 1 = 002(10%) =159kHz | f,," ! = 0.02(25“14) =398 kiiz
4# Coply  4#(IDF) 4% Coaply 44 (IDF)
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Page 1181
1

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

" 27(4.59 MHZ)(10uH)

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

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

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

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

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

Page 1194
fose =100MHz+10.7MHz=110.7 MHz  f, =100MHz+110.7MHz =210.7 MHz

(a) f,. =1047MHz=10.7MHz — 94.0 MHz or 1154 MHz
(b) f,. =88.1MHz+10.7MHz — 774 MHz or 98.8 MHz
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Page 1195

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

Page 1198

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

Page 1199

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

1 H00mv& 1.4 H.4&
= 0.7 )04 =— 20logo =)7.02 dB
A 100mV( )év (= | géﬁf (=)

From Fig. 17.81(b), the spectral components at 466drkHz have amplitudes of approximately 45
mV, so the conversion gain is:

_ 45mV
Fea = 100mV

=0.45 | 20l0od0.49="6.93dB | Note:%:0.446

Page 1212

fo! f,=20!1 0.01=19.99 MHz | f.+f =20+0.01=20.01 MHz

3f.! f,=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 MHz

A, AL =3

_ _ P,
Azfc+fm—A3fclfm— ===1V

<

ASfC+fm = ASfC! fr = i =06V
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CHAPTER 18

Page 1221
I

lea=les=le =l =2 =1MA | Ve =07V | Ve =07V | Vo =0V
Veea =BV " V5 =5" 0=5.0V | Ve =5" V" Vi, =5" 0.7 ("0.7)=5.0V

(1 mA 5.ov), (1 mA o.7v), (1 mA o.7v), (1 mA 5.ov)

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

Toc =0 iszeroonly if r; isneglected since the voltage acrossr, must be zero for i, = 0.

If weincluder, and start at the base of Q, assumingr,, >> 1 and acurrent mirror gain of 1:

m3
" o I’O 1+ gm o g V gm2 ol : %0
rOl( )ﬁ 4||RBZ||RL|| 4( 2 1) ) b2 o, Ol+(r01 @’ 4||RBZ||RL
+ Toa||Rezl|R. _ 55k~ [5.2k- ||10k-
Fo1 55k-

Toc =0.0579 - non-zero but small compared to 1.
el

Evaluating Eq. 18.7 without R , Toc = G (For]| er]| Re2 ) = 0.04(55k- [|55k- ||5.1k- ) =172

Page 1229
RIR
e[ (3 R
1 Rl e J2.5¢ _
Toow=Tow S0 RIRe, 2 (1+9.0R) = #2'01W[1+ 0.045(300 )] =#19.2
A,:loliigzz—9 50 | NowRg,=r,=+ | R, 31.7k* | R, 1.74k*
Scaling using the previous resuilt. =#19. %;ﬂ]} 178 | R,=31.7%* 1+12)8—596k*
1+0 11"
R, =1.74* 1+19-2:86.1* | RemovingR : R;ut:'?@#ﬁg =86.8*
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Page 1231

R=R LS | R =RIRo|Re = RfpraRes =3¢ [ =3¢
Tsc=0 | Toc=T=611 | R =3K" $1+0]Z 48.3"

| 1.63/* (*5v)
ID2=|D1=51 0.500mA | 1,,=1,=2.00mA | ID3=T=O'510mA

Voo =3.5+Vey | Vg =1+ ]/ (10 AA) =1.32V | V,,=3.5+1.32=4.82V

Vps, =5+1.32=6.32V | Voo, =5%1.63=3.37V | Vg, =5*V, =5.00V
(O.SmA 4.82v), (O.SmA 6.32v), (O.51mA 3.37v), (2 mA 5.ov)

Page 1235
R appearsin paralel withr, : 1/ =r,||R =4.69kQ|10kQ = 3.19 kQ
3.19kQ
T=g,(RJ(Re +1/)]r, )( RF) 0.0325(5kQ| (50kQ +3.19k2) 62 4k9)(3.19k§2+50k§2)
T 8.17
T=8.17 el ____ = _B0kQ——— =-445kQ
A=A 1+8.17

Ry =1/ (R +Re]r )—3.19k£2||(50k§2+5k£2||62.4k£2)=3.01 kQ | Te=0 | [Too|=[T|
R, =3.01kQ 10 _a80

1+8.17
RY = Re[ro[[(R: +1.) =5k 62.4kQ| (50kQ +3.19kQ) =426 kQ | T =0 | [Toc|=[T|
R, = 4.26kQ 10 _ss30

1+8.17
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Page 1236

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

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

oA KL 4,4 | gm3=1 L - L 250 ms
R.+ A, 50kQ-48.5kQ R \1+T) 12Q\1+32.3
R, =|R. +L ! =|50k€2 + ! ! =1.51kQ
g s \N+T 2.5mS \1+32.3
Page 1240
Tisthesame: [T|=306 | A™ =1 | A =A™ L —1 306 2 = 0.997
1+T 4306
RO = =307" | Te=0 | [Toc|=[T|
1+0
=307 =1.00"
R 1+306
Page 1241

Tisthesame: [T|=306 | A™ =1 | A =A™ T —1 306

1+T 1+ 306{%_
2

!
RO :rolﬁcl+gmlg—%gi:600k' || z.o;ms:5°°' | [Toc| =306

m2 m3

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

— gm2 ngRF — 316rnS 1 1 3'16rnS(1Okl) —
Ty =(202(2 = 400k’ [ 200k = (204
== ( r°2”r°4)1+gm5RF (=3 ( ” )1+316mS(10k' ) (
1+204
=500 ———"=334"
Roa 1+306
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Page 1244
n ()/
Tisthe same: [T|=152 | AP =1 Doy | oazpe T2y 192 7903

R 1+T  #+152&
R =(R +R) |RH__40|<( [1OK( H _304( | Te=0 | [Toc|=[T|=152
1+0
304 =1.99
R = ( 15 (
Page 1246
There are approximately 15 cycles in isgc. f = 150yc|:s: 18.8MHz
Page 1246
2(0.01)(0.000
=t O g =K, | fTZ:fn:i‘/( Y0009 _ g3 onan
2" Css+Cqp 2"  5pf +1pF
2(0.004(0.000 2(0.03(0.00
o L A000H00005 g, - 2 00M000
2" 5pf +1pF 2"  5pf +1pF
Page 1256
= = ) 3 )5} = = 1 = 1 = 0
G.=0., \/2(10 )(5x10°) =0.316ms | R, =r,, °2#2$|D 20.09510° 500 k%
' *
fr=tyGe o1  0-318mS"_, S1mhz
Z&ZCC+ 2&2 20pF *
- 0
/ 2
/ 2

i 0 0
1, 1 5,1, 1 5,1 1 2-158 Hz

f=ry__ 1t -1, 1
28&|RCo(1+ A,)2 2&/RCo(1+1,)2 &;5oa<%(zo F),l 1 [2(0.00 %
/ P 002 5x10° 22
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Page 1257
1 g. 1 2(0.001)5x10"

1

- - —-7.96 MHz — - =1.00 kQ
2w C. 27 20x10 Ons /2(0.001)5x10°*
G, =0, =40(5x10°)=2.00mS | R=r =— 1 _—454kQ
=4 ) o=t 40(5.5x10™* A)
40(5x107
gL [Cu|  L[Z00MS) 16 oMbz |t =LM 106 MHz
27\ C. ) 27\ 30p 27| 3x107"
fom 1 « L 1 = 584 Hz
27| 1, Ce(1+ 1rn) | 27| 4.54ke(30pF )1+ 40(50) ]
Page 1260
sR=1904 5 50x100 Y~ 5.00
20pF s us
sp =100 _ 5 01007 5,00
20pF s us
Page 1264
G, = gn = 40(2.5%107) =100 mS | f, =] 222 10.0m8 ) _ 15 7 vir
2\ Ce +Cy 50.8pF

Py =90 - tan‘l(

142 MHz 173 MHz

15.7MHZ) _1(15.7MHZ) _1(
——|+tan | —— [+ tan

—) + tan‘l(%) =69.5°

206 MHz

84
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Page 1268
Vv Vv

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

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

_ 65pF( 8.5MHz

C

——— |-2pF =313 pF
16.6MHZ) b b

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

v - AL _ AL S00uA g5,y
G . Ag 433ms
ml2 vi&m5 -192
V2
(b) I,5=31,,=1500 uA | I,,,=1mA | Currenterror Al =-500uA | g, o\W/L
Vyy =L A DORA 049 my

* G Av,g,,,s_—192(—4.33mS\/1.5)

Page 1272
For the Hartley circuit in Fig. 18.34(a), Z = joL, and Z = jwL,

Z, = joL,[1+g, (joL)]+ joL, = jo(L +L,)-w’g,LL,
Re(Z,)=-w’g,LL,
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When the circuit is drawn symmetrically, capacitoizg@ replaced with 2 capacitors of valuecC
in series. The circuit can then be cut vertically down the middle to form a differential mode hali
circuit. The total capacitance at the drain end of inductorQeds= C + Cgs+ 4Cop.
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fp = 1 =5016 MHz | f,= ! =5.008 MHz
31.8 fF(7 pF 31.8 fF(25pF
27 |31.8mH M 27 |31.8mH fF( P )
7.0318 pF 25.0318 pF
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