Microelectronic Circuit Design
Fourth Edition - Part I11

Solutions to Exercises
Updated - 09/25/10

CHAPTER 10

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

Vo BN gaq o 000V g o tel IS8R g pesioe
R 16Q R +R.  10kQ+20kQ I 0.167uA
25.3V(1.58A
Aﬁi— (1-58A) =4.79%10"° | Checking:Ap=(5.O6x103)(9.48x106)=4.80x10'°

Py 0.005V(0.167uA)

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

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

Page 541
1

G =g, = =0262 uS | A=g,,=0.262uS(76)(50%" ) =0.995

in gll 20]{" +76(50k") IJ | g21 'u ( )( )

# 1 1 75 & g 262"

R =¢o =o + + =262" = 2 5= =)0.0131

out g22 W ZOkn 20k" ( ‘ ng ) (20[{" ) ) (20](" ) )
R =1 =380M" | A=g, =0995 | R, =—=262"

g 8»
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Page 547
(a) The constant slope region spanning a maximum input range is bet@d@evi<v, <1.5V,

: L 1.5+(-0.9)
and the bias voltageé,, should be centered in this rangg,, = TV =+0.5V.

Vvp=Vp+v, | -05V=<09+v, —»v,=-1V and0.9 +v,<1.5—v, <+1V
=1V =sv,<+1V or ‘vid‘ <1V and ‘vo‘ <10V

(b) ForV,, =-1V, the slope of the voltage transfer characteristics is zeu= 0.

Vo =10(v;, —0.57) =10(-0.5+ 0.25+ 0.75in1000 ) = (-2.5+ 7.55in1000w ) V' | ¥, =-2.5V

Page 552

V, = v _ 0.100/ =100mV | v, = v _ 0.001V =1.00mV
100 10*

1ov
vV, =—-=1.00x10°V =10.0 uV
id 105 u

Page 554

360k
A =g =529 | v, =-5.240.59)=-2.65V

. 05 . . .
= oy = 735ud | i, = ;=i =~7.35u4

Page 556

L= =6 | L=1=426 pd | 1, =HI, =#426

4:#%:#5.11 |V, =#5.11(2) =#102 ¥

Page 558

A, ="R,=" ;—;M:"O.ZM# | R,=200k#

o

v, =" Ry, =" 2x10°(5x10°* sin20008 ) =" 10sin20008¢ ¥
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Page 560

AV=1+@=+19.0 |V, =19.0(-0.2V)=-3.80V | |O=ﬂ=—IOOMA

2kQ 36kQ + 2kQ
Av=l+%=+40.0 | Ags=201l0g(40.0)=32.0 dB | R, =100k =100kQ
v, =40.0(0.25V) =100V | io=ﬂ=0250 mA

39k + 1kQ

2 R R v 10

A =10 =501 1+-2=501 -—2=500 i, =—2 <0.1 mA
R R R+ R+R

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

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

Page 563
Inverting Amplifier: 4, =" SOKE . 200 | R, =R =15k#
1.5k
v, ="20.0(0.15/)="3.00 V" | i =Y =300 w0
R, 30k#
Non - Inverting Amplifier: 4 =1+ 30k =+21.0 | R, :ﬁ:M—$
1.5k i 04
v, =21.00.157)=3.15V | i,= Vo - 31V =100 pAd

° R +R  30k# +1.5k#

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

Page 564
v, =2V 3R ey | V,=4V 3R ey | v, =(~6sin10007 - 65in 2000t ) ¥
1k€2 2kQ
The summing junction is a virtual ground: R, = i =R=1kQ | R,= V—2 =R, =2 kQ
L L
= Vo .2V oa | I,= Vo .2V o | i, = (~25in10007 - 25in 20005t ) mA
R, 3kQ R, 3kQ
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Page 567

. 3y
Sincei, =0, [, =——— =273
T T 0k + 100k Ha
Hit#
4:#M:#lo.o |V, =#I0(3V #5V)=+200 V| Iono#V#:VO#V+
10" 100k" 100"
v=y,—fs =5 "100" — =4.545V
R,+R, ~10k" +100k
20.0#4.545 5V
= T - 4155 L=—— =455
° 100k wL 10" +100&" ua
Page 568
A,=—m=—18.0 | Vo =-18(8V-825V) =450V | |O=V0‘V-=VO‘V+
2kQ 36kQ  36kQ
VooV, R g5 30K g6y g 24307816 g5 1A
+R 2kQ + 36kQ 36kQ
Page 570
6 "
(9= X0 o 80 g p L =ma00 | £, =200 2 50 kiz
s+5000# , S 2#
50004

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

Page 572
_1 1 _
Jn =5 (1k#”100k#) (20057) 804 kHz
Page 573
250 2501
4(s)=hw | 4,=250 | f,="""=125Hz | fy=% | BW=-125=x
S
Page 575
= L ! =15.8 Hz
" 27 (1ke100ke)(0.14F )
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Page 577
Av(_]l) =50 "1+4 _ 150 ‘A ( 1)‘ — 150

"142+ 2 1+ 2

n tan" 1$2

A4 =2010g(67.0§ =36.5dB | #4,(/1) =#(50)+# (3 §/i'220+0" 63.4 ="63.4

"25+4 _ 1050
"25+2+ 10 23" j10

oo 1050 .o
O

4,(/5) =50

A, =20l0g(41.89=32.4dB | #4,(;j5)=# (1050 +" tan 1% =0" ("23.5)=+235
0

A, (%)= 20* | |4,(j0.95= 202 =14.3
1+j1(|’|'];2 | \/12+(0.]) (0.98)
(1" 0.98)

#4,(j0.99 =# 20" tan"lg?](LQS?) =0" (44.3)="44.3

=0 | #4,(j1)=#20" tah'1M) =0" (90”) ="90.00

‘Av(jl)‘ - le ] (0.1)2(12) 8" 1)

_ R | N
=17.7 | #4,(j1.9=#20" tan ﬁ%:o (27.6“):+27.6’

(i) 4(s)=+ "foo | 4,=400 or 52dB
1+ 100}}1_'_ A d’)
s [ 5000

fL=%)=15.9HZ | fH=%300=7.96kHz | BW =7960"15.9=7.94kHz
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Page 577

A,(S) —n 2X107S - "400
(s+100)(s+50000) # 100& s &
éb éb 50000*

) A(i*)="180+90°" tan”%%( " tan
) A(j0)="90" 0" 0="90°

" 10 =n 900 " tan" 1#1 008L" tan,, 1# 100 8
égoooo( Goof 000"

) A(i100)="90°" tan 12@?" tan’ %Iﬂf‘: "90" 45" 0.57="136°
. #50000& #50000&
50000) =" 90°" tan " ="90" 89.9" 45="225°
) A(150000) gﬁ— % 000!
) A(i+)="90" 90" 90="270°
Page 581
R, 26
=-2--10=-200 | R=R, =10kQ
1
R =20R =200kQ | C= ! =265 pF
271(3kHz)(200Q)
Closest values: R =104kQ | R, =2004kQ | C=270pF
Page 582
R, 20
A4 =" E:" 100="10.0 | R =R, =18 k#

1

1 1

C=

R,=10R =180 k# |

$,R - 2‘%(5kHz)(18k#)

=1.77 nF =1770 pF

Closest values: R =10 k# | R, =180k# | C=1800 pF
Page 583
10 ke2 AV | AT C= (IOV/Z) 1 0.05 uF
=R = =—— = ms) = 0.
F=R | ctt | ka (1ov[Im9 =005 ¢
2 6

3"

8
) 1 >t (msec)

-10V—r

©R. C. Jaeger and T. N. Blalock
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Page 567

d
Vg = - RCd—\:' - -(20kQ)(0.02uF )(2.50V )(20007 )(c0s20001t ) = -6.28c0s20007t V
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CHAPTER 11

Page 605
Ideal — 1 — "o 105 Ideal T — 1000 —
=—=100 T=A"=—=1000 =100 =99.90
A " | 100 A=A 1+T 1001
vV, _9.99v
vV, = AV, =99.9(0.1V)=9.99 V Vg =—2=——=999 vV
o A/ i ( ) | id A 105 l'l
#HH#t#
5
Av'dea':;t:t5 | To14Rg Roygg | A =#99 | T=A" =19 1000
R " R R 100
deal T 1000
=#99—— =#98.90
A=A 1+T 1001
_ _ _ _V, _#9.89V _
V, = AV, =#98.9(0.IV) =#9.89 V | v, = A= 989 v
#HH#t#
Values taken from OP - 27 specification sheet
(www jaegerblalock.com or www.analog.com)
#HHt#
Values taken from OP - 27 specification sheet
(www jaegerblalock.com or www.analog.com)
Page 606
Ajdmf=%=1+%=1+%=+4o.o | T=A/3=%=250 | A, =Av’d€“1%—40§i52—398
1
FGE = =0.00398 or 0.398% | FGE 51—040%
1+ T
T - S Y S TR S S R ) S P
R UQ 1, R 40 40
+

1

A = Ajdmli = —39@= -388 | FGE-= 1 0.00398 or 0.398% | FGE= 1_ 0.40 %
1+T 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
&
ter=Ren 7=5¥ g1-499 | 4= T(ll-: 49940) =2.00x10"
out O]# %
$$$
A, =41 T | A =1+ R 214 3% _ 400
1+T R
T = A%=10" Vet =2497 | A =A4" T _ 402297 398
0.05k# + 39k# + Lkt 1+T 2507
39%k# (1.05) 4.20
Am =1+ — X1 =441 | GE=442%$400=420 | FGE=""-=105%
L (0.95) 40
. 30k# (0.95) $3.70
AT =1+ — A "7 =363 | GE=363%$400=$370 FGE=""""-=%$93%
1# (1.09) 40
Page 610
&
+7=Rew 7220% 611999 | 4= T(llz 1999(100) =2.00x10° or 106 dE
0.1# %
Page 612

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

Page 613
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10k#H1 M# 0*

=R,(1+T) | T=A"=10 )= =248 =1M# |1+248] =249 M#
Ri=Ry(1+7) | %Ok#uuvl# +390l¢# } 4039 Ry [ ]
Lo ime NV egoona i Ye |y =A% Ty 24028y 398y
R, 249M# R 1+T 249
n $ !
Y - 982 IV | _9g5 A | Yes, i|>>]i.|
R 40.46250k#2
$ ! 4
If we assume M# >>10k#, T = A" =10° g0 =107 2050 R, =1M# [1+250] =251 M#
§0k# + 300k | 40
Lo Vioe IV cegogna iz |y =A% Ty 24020 =398y
R, 251M# R 1+T 251
n $ !
j = Yo 23982 IV ) —995 uA | Yes, i[>>]1. |
R 40 %Ok#z
Page 614
R " R+R |- =1 + 10 %_1001# | R“!=R=1000# | 1# or 0.1%
m 1d 1+A

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 . SkQ 10kQ
v, =|4, Vi =10 vy =818v,
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, 9.02kQ + 25kQ + 2k
Ideal T 568
= ——=10.1 =10.1
A =4, 1+T 1+568
R, =R} (1+T)=36.0kQ(1 + 568) =20.5 MQ
D
R, =t 828 4s5q
1+7 1+568
Continued on next page.
11 ©R. C. Jaeger and T. N. Blalock
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Page 622 cont.
R 91k

A% =14 2 214 72101
R 10kQ
R’=R,=25kQ | R’ =R =1kQ
T=4, R g 102 g9
R +R, 10kQ + 9LQ
A, = A T _101.9%0 _101
1+T 1+ 990
R, = R}(1+ T) = 25.0kQ(1+ 990) = 24.8 MQ
D
- =ﬂ=£=101g
1+7 1+990
A =14 Rp 192149
R 10kQ

R} =R, + R+ R|(R, + R,) = 5kQ+ 25k + 10kQ( 91 + 14Q) = 39.0 kQ
[ R, + R(R, + R,)] = 14 91422 + 10k (25k€2 + 54Q2) | = 990 ©
R, , 10kQ

R =R

out

Vo =Ay,————=10", =980,
R +R,+R 14€Q2 + 914Q + 10kQ
R, = R||(R, + R,) = 10kQ|(9UQ + Q) = 9.02 4Q
Ve Ra_ogg 2ok - 628
vy R, +R,+R, 9.02kQ2 + 25kQ2 + SkQ2
Ideal T 628
= ——=101———=101
A=A 1+T 1+628
R, =R} (1+T) = 39.0kQ(1+ 628) = 24.5 MQ
D
» =&=%=L57Q
1+7 1+628
12 ©R. C. Jaeger and T. N. Blalock
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Page 626

SR

Page 628
Ideal — _R: — —91kQ

r

RY =R [(R: + R,) = 10ke[(91kQ+ 1kQ) = 9.02 ke
R = R[(Re + R ) = 1k (91ke2 + 10ke2) = 990 Q

oA R 10kQ _ 00
R+R +R 1kS2 + 91k + 10k
A=A T _ o020 _ 909 ka
1+T 1+ 980
D D
Rn= Rn =9'02k9=9_199 Raut=h=%=l'019
1+T 1+980 1+T 1+980
Alrdeal=_RF =—91kQ
Ry = Ry[(R- + R) =25ke[(91kQ + 1kQ) = 19.7 kQ
R = RJ(Re + Ry) = 1kQ(91kQ + 25kQ) = 991 @
ToA_ R _ype 25k 2137
R+R +R, 1k + 91KQ + 25kQ
A=A T gk 2PT g1k
1+T 1+2137
D D
R-Fn 7K _o51q R =Pu_ P2 4400
1+T 142137 1+T 142317
13 ©R. C. Jaeger and T. N. Blalock
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Page 633
1 1

Alcdeal - = _ _10—4S
R 10k

R: = Ry + R|R, = 25kQ + 10kQ[1kQ = 25,9 kQ
Ro = R+ R|R, =1kQ + 10ke[25kQ = 8.14 kO

T- _(h)i — 9090 25K =877C

Vg Ry + Ry 0.90%Ke2 + 25kQ

Ac=-1 LI R 8770 =-0.100mS
Rl1+T 10kQ |1+ 8770

R, = RY(1+T) = 25.9kQ(1+ 8770 = 227 MQ
Ry = Rou(1+ T) = 8.14kQ(1+ 8770 = 714 MQ

Page 637
N 27k

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

=+10

A{"e“l=1+&=1
RI

R, =R, + R||(R, + R,) = 1kQ+ 3kQ|(27kQ + 25kQ) = 3.84 kQ
T=4 [R1H(R2 + Rid)] ( Rid

o RIH(R2 + Rid) +R \R,+ R,
e 3k£2”(27k§2 +25kQ) ( 25kQ ) 3555
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
Ry = R||Ry =10kQ[25k@ = 7.14 ke

Aldeal=1+&=1+ 270(9 —
R 30k

RC = R, H( R, + RIHR)) - 7.14k9”(27(k£2 + 30kQH1kQ) = 6.96kQ
RO =R + RLH(RZ +R, ) = 1kQ + 30k (270kQ + 7.14kQ) = 28.1 kQ
i [RlR<R] ( R )
R|(R+Rs)+R\R+R;
30k (270kQ + 7.14k) 714 kO
30kQ(270kQ + 7.14KQ) + 1kQ (270@ +7.14kQ

A=+1 T =+1 _2485 =+9.96
1+T 1+ 2485

> 6,96k
Ry= -

(1+T) 142485
Ry = Roy(1+ T) = 281kQ(1+ 2485) = 7.01MQ

+10

) =2485

=279 Q

Page 644

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

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

Page 647

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

R= 39/@”11@ =975 Q

R =1kQ is the closest 5% valuey one could us@9 £Q and1 £Q resistors in parallel.

v0(1)=V0S+@t+it | 15my 4 —omV 10004, 150 ) 6.00 ms
R

t+
c C 10kQ(100pF) 100 pF

Page 648

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

13 ©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)

201 %1, 1 ("
Ry =R R+ #——4k$ R+R#' —" —x =20k$
(e m) e AKkS  5KS)

Including 5% tolerances, R + R, #21$ A4, =10+ R,=9R

A few possibilities: 27 k$ and 3 k$, 270 k$ and 30 k$, 180 k$ and 20 k$, etc.

Page 653

v
e

v = ALy, + e | 22500[0.002- 290 _ 3750
CMRR

v = Ay, + Ve | 22500[0.002+ 222 J6250 ¥ | 3750 1 = v, <6250 ¥
CMRR

1
2x10°

103(1+

A(“ 2CA14RR) 104(“ 2 104) )
A, = - al =1.000 =1.000

1 . 1 A= 1
A1- 14104 1- —— 1+10°] 1- ——
2CMRR 2x10 2x10
Page 656
GE=FGE (A)" 5x10°(]) =5x10"  Worst case occurs for negative CMRGE $ 1,1
A CMRR
If both terms make equal contribution®\= CMRR:;5 =4x10* or 92 dB
2.5x10"
/ % #1
For other cases CMRR="5x10" # 1( or A='Bx10 #_ £
& A & CMRR

#1

%
A=100dB CMRR='&5x10#5#%S(< =25x10* or 88dB

0/ #1
CMRR=100d8 A=gags# L' —25x0* or 83dB
& 10°)

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

16 ©R. C. Jaeger and T. N. Blalock
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Page 661

100 " 2#(5x10° 7
AO:]_OZO :105 | ”B:_T: ( ):10#
A 10° 10°

=100¢ | f, =%=5OHZ

"L 10'#

A(S)= =
s+", s+100#
$$%
n 6 6
AV(S): {’ — 2#)(?10 _ :2#)610
; 2#x10°  s+10#
s+— g+
4, 2x10°
Page 664
% f. _ 5x10°
A, =10°=31600 | f,=-T=——"=158Hz | f," #; =0.015MHz)=50kHz
A 31600
A(S): $T = 2%5)(106) = 107% ’ (S): 29 5X106) = 107%
s+$, s+294158 s+316% s+2‘%(5x104) s+10°%
8&&&
A= g | Fors, 558, asn PP ologin since 3, =48,
s+$, %y
Page 666
90 6
oo _ fr _5x10" _ . _ SMHz _
A0—1020—31600 | fB—i—m—lngZ | fH #_7}— 2—158 kHZ
1+10%
A( ) 2$(5x106) 10$ | ( ) 2$(5x106) 10°$
s = = s|= =
s+2$(158) s+316$ s+2$(15.8x103) s+3.16x10°$
Yo
Ju" #;=1(10MHz) =10 MHz | f," #fT=%(10MHz):5 MHz
Page 667
100 6
A=102=10° | f,= 021000100y g, v g, 2 1OMHZ_TOMPZ_ oy,
A 10° [ 1000
1020
A= $: _ 2%107)  aem07 | A(9- 29410) _ 2x107%
s+$, s+294100) S+200% s+2%{104) s+2x10* %
17 ©R. C. Jaeger and T. N. Blalock
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Page 669

. SR _5x10°V /s _ SR 5x10°V /s

Vv,"—=—"7—<=398V = = =7.96 kHz
Yo# 2%(20kHz) | 28V, 2$(107)
Page 670
Values taken from op - amp specification sheets (via www.jaegerblalock.com or www.analog.com)
] " 2#(8MHz) 1
A4,=18x10° | f,=8MHz | ";=-T=——"-"=88% | RC=—=——"13
A, 1.8x10 ", 8.89#
Page 677
2
0.01=exg——"2_| | Letx=["M00) | £_ | K _o0826
1-¢2 T l+x
¢, =tant 2 —==709°

=

cos(45°) —JAE* +1-2E2 > £=0420 | Overshoot100% ex;{- 7t ) -234%

1-¢?
Settling within the 10% error bars requiteg =13. .. o, = 1?; =1.3x10rad I s
S

72 (L3ad/2r)
®, = AJ0,0,(1+ 4,8) = \0,0,4,8 =po,0, | f=20= T = 428kHz

B, 0.110°)
Page 678
" T(j#,) = $180° % 3tan$1?=180 % #, =3
T (j#10)| = > = > . =3 | GM=3=1.60 or 408 dB

2 8 5
(1/#1 +1) (v3+1)
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 4mV +2m V%g Smm, =5.7 mV. Overshoot =100% STmV ( SmV. =14 %
Imm & SmV
o o} +
0.14 =ex Let += (an 14 L T091T | = 205305
( #2 & 1++
= tan"' o5 =54.2°
(w/4*4 +1( 2*2)
(((
From the lower graph, the final value of the first step is 5 mV, and the peak of the response is
%
approximately SmV +5mV loﬂ =9.2 mV. Overshoot =100% 9.2mV ( SmV. =84 %
12mm & Sm
o % "
0.84 =ex Let += o 1n0 84, —0.3080 | *=,4/——=0.05541
( *2 & l+ +
. = tan"! T =6.34°
(w/4*4 +1( 2*2)
(((
The HA741 curves will be distorted by slew rate limiting.
18 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 12

Page 700

R,  68kQ
=_2__ """ _ 92592 R, ,=R;=R,.=R=27kQ
AWA AVB AVC Rl 2 7kQ | inC 1

The op-amps areidealR ,, =R, =R, =0

A=A,4,4, = (—25.2)3 =-16,000 | R, =R  =27kQ | R =R, .=0

2 2
4, =(252) (=222 | s009(252) | (22 10099
R +2.7kQ R +2.7kQ

_ 27K 09950 — R, =13.60

R, +2.7kQ

Page 705

4,(0)=50(25)=1250 | |4,( "H\:%:sm
$ P

§+ i 2)§+

2% (" ) +4.935x10°" 2 +3.896x10" =0
§ (10000%)} &, (20000# %

"2 26925¢10°* ", =263x10°* f, =20 3x10° _ 190 11,

+++

4,(0)=+100(66.7)(50) = +3.33x10’ ‘AV(H)‘ = +3'i;‘5)“105 =+2.36x10°
$ "2 ' $ "2 ' $ n?2 '

§+ H 2)§+ H 2)%_'_ H 2):2

§ (10000#)°) & (15000#)°}§ (20000%))

' +7.156x10°" } +1.486x10"" 2 +8.562x10*" =0

Using MATLAB, ", =21.7x10° * f, =21 710" _ 3450 11

+++

4,(0) = (+3o)3 =+2.70x10* | f, = (33.3/«1{2)\/2; +1=17.0 kHz

20 ©R. C. Jaeger and T. N. Blalock
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Page 711

130Kk"
=1+
All 22ku

3 4
Vos =0.001(6.909) =330 mV | vy, =0.001V(6.909) =2.28 V

=6.909 | V5 =0.001(6.909)=6.91mV | v, :0.001v(6.909)2 =477 mV

Vs =O.001V(6.9O9)5 =157V >15V. # v, =V ™ =15V
Voo =15V(6.909) =104 V >15 V. # Vo =Vg™ =15V

Page 714
Vai=Vi+IR, [ Vs=V,-IR, | |

V-V 5.001V -4.999V
2R 2kQ
V, =V, + IR, =5.001V + 1.00uA(49kQ) = 5.05 V

Vi =V, - IR, = 4.999V ~1.00uA(49kQ) = 4.95 V

=1.00 uA

10k

V, = (- %)(VA =V, ) = (-m)(s.os ~4.95)=-0.100 V

Page 717

n 2 "2
Ap(s)=——>—— | As(0)=53=1or 0dB

SZ+870+”§ o

2

&+

& U L
:A_P(J ):#"24']'"&"0"'"(2, | ‘A.P(J H)‘ :("5#"3)2+2"§"ﬁ:08/‘Q/_§%

For Q=

S

211§=114+n4* " p—

H#HHt#H
To increase the cutoff frequency from 5 kHz to 10 kHz while maintaining the resistances
10kHz _ 5

the same, we must decrease the capacitances by a factor of q
z

0.02uF 0.01uF

+ C= >

HH#H

=001uF | C,=

=0.005 pF

2 n 2

As(i")= | As(i"o)= o ——=#jQ | |As(i",)

n 2 T 0 n 2 n 2 H
O B2+

o]

=Q
o+112
(o]

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 Sktz

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

QO=,———=—=— | Qisunchanged.

=== 1"2 - R*+2RR + R =2RR, = R’ =—R; -- can't be done!

\/5= CR+R,
_ARR, do 1 RI(R1+R2)_ N |
R]+R2 dR2 (R1+R2)2 2\/R1R2 VRle 0 Rz R1 Qmax )
Page 719
N #" 2 K )
‘AHP(] D)_K%#”f+j(3#K)"f 2| 3K | Ar(J") = ﬂ$90"
HHt#
1
= =5.19 kHz
2%\/10k& (20%&)(0.0047uF)(0.004uF )
w1
10 4T0F +100F g 20&(10nF) - _ oo
) 20k& \/47,1]: 10nF 10k&(4.7nF):|_ .
Page 720
o - KdQ -1 d__ "1 ng- o_KdO _
o | CTrx Vo (3--K)2(1) " 1SS ok C
—3..K#KQ 3P"1 S¢=30"1= NG 1=1.12
Page 721
R, = 2kQpk@ -1k | f, - ! _879Hz | Q=822 453
231\/le(SZKQ)(O.OzuF)(O.OZMF) 2V 1kQ
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.

A (i) = KQ=% L 10=-22€ L p 24k
1 1
R= = =39.8 kQ = QR=10(39.8kQ) = 398 kQ
®,C  27(2000)(2000 pF) R=Q ( )
R= RZ = 398KkE =199k | R, canremain the same. |
‘ASP(J(UO) 20
The nearest 1% values are R=40.2 kQ, R, =402 kQ, R =20.0kQ, R, =499 kQ
1 1 1 1
f = = -198kHz | BW= = ~198 Hz
27RC 27(40.2kQ)(2nF) 2aRC  2m(402kQ)(2nF)
. __&__402k§2__
Aoe{ ) R~ 200k

Blindly using the equations at the top of page 580 yields
min __ 1 - 1
° 2aRC 27(1.01)(29.4kQ)(1.02)(2.7nF)

mx 1 1
° 2aRC 2n(0.99)(29.4 kQ)(0.98)(2.7nF)

" 2aRC 27(1.01)(294kQ)(1.02)(2.7nF)
" 2aRC 271(0.99)(294kQ)(0.98)(2.7nF)

R 294 kQ(l .01) R 294 ksz(o.99)

A TR T amkalee)” ot A TR T Tamkaio) T

=1946 Hz

=2067 Hz

BW™n =195 Hz

BW™* =207 Hz

1

JRRRC.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
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Page 727

©_GdQ_G| 1 JRR| G Q

' QdG Ql2ycc, R+R| Q2C

_RAQ o p Lol G L.
-89 | R-r-o-1 /S50
wo_Bda)(,:B -1 _ 0, w0=£da)o=£
* _a)o dR a)o(RzC) w, b= w, dR  w,
o _KdQ_K(IEY Koo o K
QK Q(3-K) o ~MQ=3k
g Rdo,_R( wo)dRh=_ R (&i)bl_ﬂ

' 0, dR  w,\ 2R,/JdR  2R,\R’ 2R+R
zuo_&dwo=5_wo =_l
SRz_wod o, 2RZ) 2
g Rdo,_R( o, )dRh=_ R (&JLL

" o, dR o, 2R,/JdR 2R, (R 2R+R
o, Cdo, Cf o) __
2 “w, dC C) :
S§=5d_Q=5(_Q)dRh_ R(&) I R

" QdR Q\ 2R,)JdR  2R,\R’ 2R+R
S§=&d_Q=&(g)=+1

QdR Q2R 2
S§=&d_Q=&(_ Q )dah=_ R (&)lL

' QdR Q| 2R,/dR  2R,\R’ 2R+R
Q_Ed_Q=E _ BW _ C dBW= C _BW __
- 0o G0 18- O B

24

©R. C. Jaeger and T. N. Blalock
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Page 728
(a) R =R,=5(226%" )=113%" | G = OO?‘F =0.004uF | C,= O'OQ”F =0.002 uF

_ 1

S 2#\/(113/{" )(11.3%" )(0.004ur)(0.002uF)

0= [ (0.004uF)(0.002uF) 24y
\113F"  0.004uF +0002uF 3

_p = WY . 0.02uF _ 0.01uF _
(b) R =R,=0885226k" )=2.00k" | C = oags - C0226KF | G, == =0.0113uF

=4980H:z

_ 1
fo= 2#\/ 2.00k" )(2.00k" )(0.0226uF)(0.0113uF)

0.022 0.011
0= 1/;882 \/ GuF a’lF) ‘/5:0.471

0.0226uF + o 011F 3

=4980Hz

$$%
f, = 1 =879Hz | Q= 1/82’,‘," \/(O'OZMF)(O'OZMF) =453

2#\/(21(" |2&" )(82%" )(0.02uF) 0.024F) %" 0.02uF +0.02uF
The values of the resistors are unchanged. C; =C, = O'OZIJF =0.005 uF
f, = ! =3520Hz | Q= 1/82’? \/(O'OOW)(O'OOS’JF) =453

2#\/(11{" )(82%" )(0.005uF)(0.005F ) k" 0.005uF +0.005uF
Page 728
vy =Sy o 2PE gy o4y

C, 0.5pF

Vo(T)=0+Av, ==04V | vy(5T)=0+5Av,==20V | v,(9T)=0+9Av,=-3.6V
Page 732
(ol CC, _200kHz [4PF(025pF) '

2" “Ycc, 2" 3pF(3pF)
Q: &\/Clcz \/ 4pF u3pF 3pF :—O—M—53OKHZ

C, C+C, \025pF 3pF+3pF Q
R _ 4pF _
A(i#,)= " 25 =8 s o = 5800
25 ©R. C. Jaeger and T. N. Blalock
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Page 734

0.01100001, = (2" +2° +2"8)10 =037980625, | 0.10001000, = (2" +2"5)10 =0.53125,,
y, =212 (2" +2°+27+27+2° +2') =3.41250 ¥
2
5.127 5.120
Viw =55 =125 mV | Wy =52-=256 ¥
Page 737
0.8V —0.1V,

Vos =V5(000) =0.100 Ves | Vigp=

—FS=0.1V,
7 Fs

2R=1kQ | 4R=2kQ | 8R=4kQ | I6R=8kQ | 32R=16kQ | 64R=32kQ
128R=64 kQ | 256R=128 kQ | R=500Q

Page 738
Ryy=R+2R+2R+(n-1) 2R+ R)=(3n+2)R | R,

0

= (3¥8+2)(1kQ) = 26 kQ

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

In general: R, = R(ZO + 24+ 27 2”) = (2’“1 —1)R | Ryu= (28"1 —1)1k£2 =511kQ

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

(2'+27 4. +27)=2(2° 427 + .+ 2" =227 1) =2 2
2'° =1024 resistors | 2'°"'" 2=2046 switches.

Page 740
(a) In general: C,,,,, = R(2° +2 2") = (2”*‘ " 1)C | C,. = (28+l " 1)1 pF =511 pF

otal —

(b) In general: Ry, =2C+2C+(n"1)(2C+C)=2R+n(3R) | Ry, =2R+8(3k#)=26 k#

Page 741

8
VLSB=52—\8/=19.53 mv | 12v2LESB

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

26 ©R. C. Jaeger and T. N. Blalock
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Page 743
6logl0

log2

2"=10° | n= =19.93 — n =20 bits

The minimum width is 0 corresponding to the missing code 110.
The maximum code width is 2.5 LSB corresponding to output code 101.
DNL=25-1=1.5LSB

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

Page 744
n 2 .
™ = 2 21_6 ~2048ms | N = 1 1 _ ,ggconversions
S c 2x10 TTmax 2.048ms second
Page 745
= o &6 =6.00us | N,.= 1_1 — 167,000 CONVersion:
fe  2x10 T, 6us second
Page 748
T ; # o8 &
V= ")t = 2l pe=tep=to 2 2900 2 (o100,
RC RC Vis Vi fo 512V $IMHZ
Page 749
n+l 17 . .
TTmaX:2_=26_=0_131 s | N_.= :1 — 1 =763 conversion:
fo 10°Hz T 0.131s second
Page 750

In general,2” resistors an@Z” ! 1) comparators

2'° =1024resistors antéz“’ " 1) =1023comparator

Page 758
1 3(0.67)
f, = =159kHz | v|= =3.00V
27(10kQ)(11F ) o _10kQ)(  24kQ) 2440
10£€2 12kQ ) 10kQ
SPICE Results:15.90 kHz, 3.33 V
27 ©R. C. Jaeger and T. N. Blalock
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Page 760
Forv, >0, the diode will conduct and pull the output upigo=v, =1.0 V.

v, =v,+v,=1.0+06=16V

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

The diode has a *0/ reverse bias across gp/, >10 V.

Page 762
vy =+2 V. Diode D conducts,and [ is off. The negative input is a virtual grour

v, =-v,,=-0.6FV. Thecurrentin Ris Gov,=0 V.
v, ==2 V. Diode O conducts,and D is off. The negative input is a virtual groun

R, 68kQ
Vo= - 22k9( W)=+6.18V | v =v,+v, =678 V.
The maximum output voltage i§™ =15V -0.6V =14.4 V.
L R I L

22kC2 -3.09

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

Page 763
20k" #10 2k &1

=200V
Yo = S0k Boar )
Page 765
V. =" LVEE = ¥ 5 ="0990V
R+R 1k# +9.1k#
. R ok

V,=+—L1 \ =" 10/ =+0.990V
R+R, 1k# +9.1k#

V, =0.990/ " ("0.990v) =1.98V

Page 766
+f e R 6.8k 1
1-B R+R 6.8kQ+68kQ 2
1+0.5 1
=2(10k2)(0.001uF )1 =21.97us f =—=455kHz
10k 0.000F) o 1022157 | 71
28 ©R. C. Jaeger and T. N. Blalock
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% 0.7 (
R 24t Pl
n= = =0.550 | T =(11k#)(0.002uF)In *=20.4
R +R, 22k# +18ki# | (11 ) 0.0024F) 11$0.550% H
& )
% +s517.(
'1+0.55-5—V
! 5V ]«
T, = (11k# )(0.002uF ) In, —— T30 ks | Ty, =20.44s +13.0ps =334 s
. 1$; %
& S )
29 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 13

Page 789
(a) At the Q- point : B, =€ = L2MA 150 (bl o—te __ 1SMA A

lg  15uA Ve 0.700V

exp| | exp
V; 0.025Vv
Ve 8MV . . o .
©R,= I_ = ﬁ =1.6 kQ (d) Yes. With the given applied signal, the smallest value of v, is
b w

& =5V -0.5mA3.3kQ) = 3.35 V which exceeds Vge =0.708 V. (&) A =201og-206| = 46.3 dB

VcE

Page 790

(a)No: vii =27V with v -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

1.56mA4 35-7,.) and 1.0md 30—V, )
Send = Re(35-1,, ) and 10m1-K(30-1,, )"

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

2

(c) 4,45 = 20logl-4.13 =123 dB

Page 791
10kQ
Veg=—— 12V =300V =10kQ[30kQ = 7.5 kQ
52 10kQ + 30k | Reo H
Ve, -V, _
le = Belg = Br e~ Vee g9 SNV=ON __ 45ma
Reo+ (B +1)R, 7.5kQ+(101)(1.5kR)

Ve =12-43001, —15001. =12 - 4300(1.45mA)—1500(%)(1.45%6) =357V

1.45mA

Vg =Vgo - 1gR =3.00- (7.5kQ)=2.89 v

30 ©R. C. Jaeger and T. N. Blalock
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Page 792

Ve(t) =Ve + Ve =(5.8" 1.1sin20004) V| VE(t):VE+0=1-45mA§/£—(1)'Z(1.5k*):2,20\/
c:i;;/* =0256mMA | +i =180° | i(t)="0.26sin2000# MA | vg(t)=V, +V,(t)

1.45mA

Vg =Vio " 15Rep =3.00" (7.5k)=2.89V | vg(t)=(2.89+0.005sinsin2000#) V

1 1
= =0.318 * X, <<
, C 2000#(500F ) | Ke<Ry

X =

Page 795
R, =20kQ[62kQ =1514kQ | R, =8.2kQJ100KQ = 7.58 kQ

Page 799
o 2092V ongmo | 2002Y g0

I+ 1 1fA 50uA
Iy = 0.025/ =125Q | r,= 0.025/ =8.33mQ

2mA 3A

=292 1670 | KT_[ge2a0° Y |37 )=00322v | 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)=2.00 mS | r “H D 37558
g, 2m

+ +
po=Vatlee SOV _ 5o h |y =g = 2mS(1.30 M$ ) = 2600

I 5004
9
g, =401, = 40(25004) =100 mS | 1. =222 >0 =500 4$

g, 10mS

p=Vat Ve _TSVHISV 6004 | W, =g,r, =10mS(3604$ ) = 3600
I 25004 “

The slope of the output characteristics is zero, so V, =& and 7, = &.

#op = il _#F:I_C:M:mo | gmzli:wzﬂsms
14 Ver I, 15ud Ver  8m
VA
go= e300 gy s P 100 ygopg | s s BV 64
i, 5ud g, 62.5mS i, 0.5mA/100
32 ©R. C. Jaeger and T. N. Blalock
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Page 814
A4,="g R =" 9.80mS(18k#) ="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.
0 1041k |12.8k#

o 15 _ -
(@) Ro =75 = 5o =128k | 4,= 9'80”’5(181‘#)'&1/{# + 1044k [12.8#

(6) RP™ =1.1(18k#) =19.8 k# | RM™ =0.9(18k#)=16.2 k#

(
x="162
)

| P 104k 02k
A ="9.80mS(16.2k# ). X="143
gl +1044[10.242# )
% 9
Amx = o, 29.8k# ( _, 143I/P9.8k#£:,, 175
&16.24# ) 81624 )
| % A
Checking: A™ = Avm&PfSi’;# § ="159(0.9) =" 143 | AT = A;om;féi’;#%:" 159(1.1) =" 175
% 101, .(
(c) Vow =120 " 22kt 1. " 13K 1, =12V " 0.275mA'&22k# ool E=234 Y
g, =40(0.275mA) =11.0 mS | R, =ry= 111805 =9.09 k#
Um
"11.0 S(lSk#)'% l0ake [p09k# | _, 177
= Um \ =
& glidt +1041 0.0/ y
CE n n n y 100
A +" 10V ="10(20)="200 | g, =401 =40(100d) =4.00 mS | R, =rs=-2 =, =25k
m m
+ +
r = VitVey SOV HIOV _ ) 1 | W, =g,r, =4mS(600k# ) = 2400
I, 1004
R,|R, P 150k |25k
4,="g,(Rer,) =" =" 4.00mS(100/# 600/ ) x="278
R, + Ry|R, g +150k# |25k
33 ©R. C. Jaeger and T. N. Blalock
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Page 815

EQ=160k1£§0k3g(2)0k912v=4.17v | @Q=160kQH300kQ=104 kQ
+

(VARY, _
le = Belg =B B0 BE_ _100 417V -0.7V =0.245 mA

Reo + (B +1)Re 104kQ + (101)(13k)

Ve =12-220001¢ - 130001 =12 -22000(0.245mA) - 13000(%)(0.245 mA =339 V

1.38x107%(300
..p(v_)(lv_) v KT (399) _ 5575 v
V.

A V, q 1.6x107"
- 0.245mA 4 A
S 0.7 3.39-0.7
ex 1+
0.025875 75

Page 817
(8) Gn=+2Kolo(1+ AVys) = \/2(1mA/V2)(0.25 mA[1+0.02(5)] =0.742 ms

1
ATV _sovasv

°T T, T 250uA
O = 2Kl 1+ AVps) = \/Z(lmA/Vz)(SmA)[l +0.02(10)] =3.46 ms

1
2 Vs sov 410V

=220kQ | u, =g,f, =0.742mg220kQ) = 163

r=

(o]

=12KQ | p; =0f, =346mY12kQ) =41.5

I SmA
(b) The slope of the output characteristics is zero, so A=0 and r, = .
2.1V
For the positive change in v, 0., = Alp_ = 3.3KQ 35
¢ Avgs 0.5V
Page 818
) o, 2(25mA) )
Vol " 0.2(Vos #V4y ) =0.2 P 0.2 S OmAY? =1.00V | |v,/" 0.005V
Page 819
" # __ 075 —048 | "= 0.75 —0.20
2 Vg, +28,  240+0.6 24/3+0.6
34 ©R. C. Jaeger and T. N. Blalock
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Page 821
, Vlosslo(1+ AVps) i \SmARmAY1+0.02(5)]
PN =

1
2 Ves 50V 4sv

=3.32mS

r=

=275kQ | p =0,f, =3.32mg27.5kQ) =913

o, 2mA
Vi =Vl 1= o | = oy 1= 2R o735 v
DSS SMA
Vol £0.2(Vss = Vo) =0.2(-0.735+2) = 0.253 V
Page 829
15MQ

o = 12V =487V | Ry, =15MQ22MQ=8924Q
15MQ +2.2MQ

Neglecth in hand calculations of the-@oint.

2

4
4.87=V, +12000, | 487=V,. + 1200{%)(@ -1)
YL -5V, -187=0—V,=1981V | I,=241ud

Vps =12-22000, -120007, = 3817 | Q-point: (241u4, 3.817)

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

224
Vos = Viy = %=0.491V | AVCSs—

3
12V _oaa | M=&=2LU4=4
0.49Y K, 5x10°

Page 831

p B 10q0.025) =345kQ | R =Ry|r, =104kQ3.45kQ = 3.34 k2
I.  0.725n4

Page 832
680"
R =680k" [L.OM" =405k" v, =——V,, =0.4057,
m H | EQnew 68%“ + an DD DD

— 1om Vop =0.409,, | No change. The gate voltages are the same.

V. =
1B ME" +2.2M"
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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

V| =02(Vos = ¥,)=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

1. =245u4 | V., =339V | 1E=245MA(2—2)=249MA

Py = I Vep + 1,V = 245u4(3.3% ) + %(O.W) =0.833mW

Vee =V, _ Ve = (Ve + 1 Ry) _12-07- 0.24974(13kQ)

Pi=Vee(lo+ 1) | L= % Rz 2000 =26.9u4
Py =12V (245u4 + 26.9ud) = 3.26 mW
Py = 1,Vps =241uA(3.87) =0.918mW | P, =V,,(1,+1,)
v, 120
=% iDRz TE0 3910 3.24ud | P, =12V(241ud + 3.24ud) = 2.93mW

Page 842
(a) Vi " min[ 1R (Vee #VBE)] = min[245/.1A(22k$ ).(3.39 #0.7)v] =2.69 V

Vy 1s limited by the value of V..
(b) Vi * min[ 15 Ry ,(Vos # Vossar)| = min[2410A(22ks ), (3.81#0.982)v| =2.83 V

Limited by the value of V.
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CHAPTER 14

Page 860
o = L0 12V =417V | Ry, =160k" [300k" =104 k"
160K" + 300%"
Voo SV,
Io=#. 1, = #, —2 $Voe  _100 HATV 80TV _ 545
Ryo +(#: +1)R, 1045" +(101)(13%" )
%01
V., =12$220007. $130001, :12$22000(0.245mA)$13000'&100;(0.245m/1) =339V
g, =401, =40(0.245m4)=9.80 mS | r, = Poz 100y
g, 9.80mS
VatVe o BV _pigpn |y =gy =2140

T T 0245md
$$$
_ L.5Mm"
OTISM +22M
Neglect, in hand calculations of the-Qoint.

% ,10% (

4.87=V, +120001, | 4.87=V, +12000" 310 *(VGS$1)2
& )

V2 $5V,,$1.87=0- V, =1981V | I,=241pd

Vo =12$220007, $120007, =3.81 V | Q-point: (241 ud, 3.817)

Y1, 53.8V
—_ —_ $4 $4 —_ p— —_ " —_ n
g, =2K I, = \/2(5x10 )241x10%) =0.491mS | 7= . = =23k

12V =487V | Ry =15M"[2.2M" =892 k"

M =g,r, =110

Page 861
R, =160kQ[300kQ=104 kQ | R, =3.00kQ | 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 =1.5MQ[22MQ=892kQ | R, =12kQ[100kQ =10.7 kQ
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Page 863

R =2k | R=13K" | R, =22k"[l00K" =18.0 k"
R =2k | R=12K" | R =22k"l00k" =180 k"
38 ©R. C. Jaeger and T. N. Blalock
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Page 875

Voo #V,
(@) I " —2——"% or I. $ L 1. =0.245mA 13k%
RE +R4 RE 4 E +R4

CE _ g &l #ﬁz#RCHR3

For large g, R, A,
B8 T 1+g,R; e Ry

For AS"™ make R, and R, large and R, small. R, = 1.1(22k°/o)”1.1(100k%) =19.8 k%

=0251md | g,=40(0.251 m4)=10.0 mS

R, =0.9(3k%) =2.7 k% | I.=0.245m4 13£%
12.7k%
_ ', 100 _ _ _
,=—2=———=100k% | R, =10.0k%+101(2.7k%)=283 k%
g, 10.0mS

10.0mS(19.8k%) (  104k%4283k% *
=# ; - =#6.98
1+10.0mS(2.7k%) ) 1k%+ 104k%2835%

For 45" make R. and R, small and R, large. R, =0.9(22k%9[0.9(1004%) =16.2 k%

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

R, =1.1(3k%)=3.3 k% | I.=0.245mA 13K%
13.3k%
' 100
rg=—-=————=105k% | R, =10.5k%+101(3.3k%)= 344 k%
g, 9.56mS
o, 9-56mS(16.2k%) { 104k%3444% *
ACEm = 4 - =#4.70

1+9.56mS(3.3k%) §1k%+ 1049|344 K% -

(b) Assume the collector current does not change.

9.80mS(18k%) { 104k391%0% +

| Ry =12.8k%+126(3.0k%) = 391 k%

AL =# - =#5.73 The gain is essentially unchanged.

1+9.80mS(3k%) §1k%+ 104k%[391k%

( 101
(c) Vew =Vee # IR # 1, (R, +R,) = 121 #0275m2240%+ 00

+
13k% =234 1V

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

g, =40(0.275mA)=11.0 mS | ry=—== 100~ 909 k9%
g, 11mS
11.0mS(18k%) {  104kA43126% *

CE _

© T 1+11.0mS(3k%) ;lk%+ 104404[312k%

Continued on the next page

39

| Ry =9.09k%+101(3.0k%) = 312 k%

- =#5.75 The gain is essentially unchanged.
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Page 875 cont.
100(2k§2)
(1kQH104 ksz) +10.2kQ + 2kQ

Re <R | Ry=517MQPR2kQ=21.9kQ | R, <<u,Re

Iiggic = lim ro(l + ﬁ) = ro(l + %) =(B,+1)r,

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

Page 877
R, =102k" +1041k" ) =1114"

osoms(iaw ) & 104 fuam R =130 #2124
1+9.80mS(k" )§k" +104" 11" | 4

HHt#
I.=1, exp;/l%'%(%a+ %% | v, = kq_T - 1'332222}10@ = 025875V
s = exp% 0-70.24'1:;: A3.39# o7 AeH

679.025875{% 100
HHt#
A * #10V,. =#10(20) =#200 | g, =401 =40(100u4)=4.00mS | R,=r, = g— = % =25k"
- = Vi ;CVCE _ 5012&1?/ =600k" | W, =g,r, =4mS(600k" ) =2400
AE =#gm(Rc\\rg)% = #4.00mS(LOCK" [B00K" )$ kliig‘]fs‘]‘c%k i =#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(5x120 )(VGS -1)

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

CE _

9.80mS(184Q) 104/@”1111@
1+9.80mS(1kQ) | 14Q + 10441 114

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

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

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

)=—6.02 | R, =12kQ-1kQ=11kQ

9.80mS(18kQ 104kQ[1.32MQ
CE _ _ ( ) H =-1.36 | AVCEE_ R =_18kg=—1,38
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
= %! (273K +27K) =25861mV | Ig= e __ 2BWA 4 4306A
1.602x107° K V. 0.700V
exp| —-| expl————
V. 0.025861V
g.R = -9.80mS(18k£2) =-176 | AF= _IBKQ_ 6 00 | 5.72<6.00
3kQ
g.R =-0.503mS(18kQ)=-9.05 | A™= _IBKR 900 | 4.50<9.00
2kQ
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Page 889

2.5V
R, =160kQ300kQ =104kQ | R, =r,(1+g,R )= 025mA[1+ 10mg(11.5k2)]=1.16 MQ
R+RRs 2kQ +95.4kQ
v, <0.005V/(1 + gma)W =0.005V[1+10mg11.5 kQ)]W =0.592 V
2k + 892k
V; =0.2(Vis Vi )(1+ gmﬁ)% =02(V)[1+0.5 ms(10.7k9)]8;’T ~127V
Page 894
p, = KQEERKR, o0y 6973 | o4o1mgR__ 0.973 = R =73.4kQ
892kQ 1+(0.491mg)R

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

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

Re =10.2kQ+101(13kQ) = 1.32MQ | R® =104kQ[1.32MQ = 96.4kQ

9.80mY13kQ

o =- qi3ke) 204K | _ 697
1+9.80ms(13k9) 2KQ + 96.4kQ
0.491mY12kQ

o =— qi2k) BIKQ )\ _ 0853
1+0.491ms(12k9) 2kQ + 892kQ

BJT: g,R =9.80mg11.5kQ)=113 | FET: g,R =0.49Img10.7kQ) =5.25

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)) Rf;fﬁ - 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
Rc =11+

Or more approximately, Re =1,[1+ g,R,]-21%Q [1+ 9.8mY173Q)| - 3.93MQ
Ro = o1+ 0,Ry | = 223 [1+ 0.4911.71kQ) | - 410k

= 3.40MQ

10q1.73Q
PR | o191+ q )
R, +T, 1.73Q +10.2kQ

Page 902
1
Rﬁ(gm) R,
1 1
A\/CB_ngL R6+gim =ngL R6+gim _ng RG
Rﬁ(l) gnR + Rs Rﬁ(l"‘ ng) R
R + O Rﬁ_,_i
Rﬁ+i O
O
CB _ Rs 1 __9uR Rs
A0 R IR L GRR 1+ngh(R6+ R)
R+ R

The voltage gains are proportional to the load resistance

A = +8.48 (i;::g) +104 | A°=+4.12 (i:::g) =+5.02

CB: A®<g R =176 | A® Ei HRe 11;3;39_10.4 | 848<104<<176
CG: A®=g R =884 | A® gi_ R _18K2 .45 | 411<884<105
R, RHRG 1.71kQ

Page 909

1 (), e 1 (7D, 2200
Len\(w/L), “1+02\ 4 1

AVCS —
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Page 911
n=0 | Iy, =1y | Both transistors are in the active region since Vpq = 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 A : T(T)(S ~V, - 1)2[1 +0.02(5-V, )] - T(T)(VO - 1)2(1 +0.02V,) —

V, =2.0064 V, |, =421.39 uA—Q-point : (2.01V, 421 uA)

lp, =15, | Both transistors are in the active region since Vg = Vgs.

K,=10" (21—0) =2x107 \% | K, = 4Xx107 (?) =2x107 V_A; | The transistors are symmetrical.

"V = V% - % 165V |1, = 10 (?)(1.65 ~0.7) [1+0.02(1.65)] =932 pA

Q- point: (1.65V, 932 uA)

Page 914
Since we need high gaithe emitter should be bypasseahdR’” = R, |r, = 250kQ.
If we chooseR, =7, I.= 2 = 100 =5 uA
40, 40(500¢Q)
1 1
R = — . =———=125
" g, L 40(2kQ) i
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Page 918

Common - Emitter :

1
>> =8.07nF Choose C, =82 nF =0.082 uF

G 27(250H2)(1ke2 + 77.9kQ) | G a

C, >> 1 =6.13nF | Choose C, =68nF =0.068 uF
2:1(250Hz)(219k£2 + 82k£2)

C,>> 1 =0.269uF | Choose C,=2.7 uF
2:r(250Hz) 10kQ|| 3k + 1

9.80mS

Common - Source :

1
>> =713pF Choose C, = 8200pF

G 2:r(250Hz)(]kQ + 892k£2) PFE| g P

C,>> 1 =6.15nF | Choose C, = 68 nF =0.068 uF
27:(250Hz)(215k£2 + 82k£2)

C,>> 1 =022uF | Choose C,=2.2 uF
2::(250Hz) 10kQ|| 2k + 1

0.49IMS

Page 921

Common- Collector:

C, >> L =6.60nF | Choos&’, =68 nF =0.068 uF
2n(250Hz)(1k9 + 95.5k§2)

C,> 1 =7.75:F | Choose&’, =82 nF =0.082 uF

” 2n(25002)(12002 + 824€2)

Common-Drain:

C, >> 1 _713pF | ChooseC, = 8200pF
2n(250Hz)(1kQ + 892k§2)

C,>> 1 =7.60nF | Choose’, =82 nF =0.082uF
2::(250}12)(1.74/{9 + 82k£2)
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Page 924

Common - Base :

1
>> =0.579uF Choose C =6.8 uF
G 27(250HZ){1kQ2 + 0.1kC2) HE| G=68u
, >> 1 =6.13nF | Choose C, =0.068 uF
2:1(250Hz)(219k£2 + 82k9)
C,>> 1 =122nF | Choose C;=0.12 uF

2:1(250Hz)(l6(]<9”30(]<§2”[10.2k9 . 10](13k£2”1k9)])

Common - Gate :

1
>> =0.232uF Choose C. =2.2 uF
G 27(250H2)(1kQ + 1.74k€)) ouF | G=22u
C,>> 1 =6.19nF | Choose C, =0.068 uF
2:1(250Hz)(20.9k§2 + 82k9)
C,>> 1 =714pF | Choose C, =8200pF

2:r(250Hz)(1.5MQH2.2 MQ)

Page 925

(a) Common- Source

C, = 1 =553nF | ChooseC, = 0.056 uF
2.7r(1000-|z) 10k 2k s+
0.49ImS
(b) Common- Collector:
C,> 1 =795pF | ChooseC, =820pF

>
2;1(200042)(1209 + 1OG<Q)

(c) Common- Gate:

C > 1
27t(100(]-|z)(2k§2 + 1.74k§2)

=426nF | ChooseC =0.042 uF
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Page 929

20V =V + 36001, | 20=V. + 3600%20(%3 ~15) Vg =2203V | I, =494mA

Vos =5-(-Ves) =720V | Q-point: (494 mA,7.20V) | R,=R,=22MQ

2(4.94m
AP = R g, = 494mA -142mS | R =360030002=1630Q | A™ =0.959
1+ g, R (2.20-150)v
c0 _ 3.6kQ 1 _s6kgl 1 6910 | Vs 0.2(2.20-1.50)[1+ 0.0141163@] =338V
R 0.0142
1+VDS i+ 5+221
r=2 - 0015 -148kQ | R =36002(300014.8kQ=1470Q | A® =0.954

B 0.005

W K, 2x102 400
L

K~ 5x0° 1

Page 930
2(4.94mA

A= Euls | g, =¥=14.z mS | Ry=3600Q | A =0.981 | R, =R, =22 MQ

1+g R, (2.20-1.50)
RSY = 3.6kQ 1 36l _—e010 | A" =4 00022 _ o59

g, 0.0142 69.1Q + 3000Q
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Page 933
Reverse the direction of the arrow on the emitter of the transistor as well

as the values of ¥ and ...

R = R —

m

1
40(331pA)

75.1#

m(wzmg(msm@t) =50.1

=751# | A®=

For v,z $0, we require ¥ $0. V. =5"I.R. =229V %|v,
v, &5mV(g,R ) = 5mV(13.2m$)(7580# ) =0.500 V

6.8V
20.5k#

( R=753k# ( R.=8.14 k# ( 8.06k# (a standard 1% valu

=332 LA

R =75# [1+ 40(7.5" 0.7)] =20.5 k# (a standard 1% value) |

75
75+75
Ve =07+75" I.R. =552V

50 = 40(332pA)R

Page 934

V0.7V ~ 5(1 .05) -0.7v
R 13k9(0.95)

Vo = Vit - IR = 517(0.95) - 368u4(8.2kQ)(1.05) =1.58 ' | 1.58 =0, so active region is ok

e _0.7y 5(1.1)-0.7v
R 13k9(0.9)

VI = Pt - ITRI™ = 517(0.90) - 410u4(8.2kQ)(1.1) = 0.802 ¥ | 0.80220, S0 active region is o

smax

5% tolerance

= 368uA

10% tolerancef™ =

= 410uA

. R R = 75
n=Viso. RCBg'” Y750+ 75

V, _ Vy  100kQ 541 100£€2

AVCG =2 = = . =
v, v, R, +100kQ 8.2kQ +100kQ

(13.2mS)(8200Q) = 54.1v, | R, = R5; =8.2kQ
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Page 939
A 1 = 333k%
# o 0.015(2x10‘*4)

or more exactlyV,s =25$10°1, $9.10°, =25$1.09x10°(0.2mA = 3.18V

1 1
Z4V,e - -+318
r=# =0015 — -349k% | R =100k4100K%[34%K%= 43.7 k%
Iy 2x10°
2(0.2mA & 75% )
o =$ ALY 43.7KN)(———————+=$437
A (g’"RL)R+Rn o BT e et

$$%

|D_0701(025) =0.3125mA | Vys$V,, =025V | V;=0.25$2=$175V

R, = Nos - L7V _560i6, 5.6k | R = oA —M—40k% | Ro[[LOOK%= 40 k%

|, 0.3125mA . 0.3125MmA
R, =66.7k%, 68k% | C remains unchanged.

1
C,>> =1.90pF, ChooseC, =20 pF
® 10°- (68K%+100k%) P 2= 0P

C,>> 1 ) =0.853F, ChooseC, =8200pF

10°- (5 o

25mS
$$%
ce 75%
=v —27 _(2mS)(100k%) =100, CC =100 ko

Vin 750/+ RES ————cInFo = 75%+ 75%( )( 0) ] Ry = 0
pco = Vo =V 100% _, 100 _ro

v, v, R,+100k% 100k%+100k%
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Page 941
M,: 1, :%(VGS " VTN)2 | Vos =" Ry | I —%(" 2001, +2)2 # 1,=5.00 mA

Vs =15" 5mA(8208) =109 ¥

2K, 1, =,2(0.01)(0.005) =100 mS | 1, = 1+0WDS _ 1+002(109) =122 k$
%, 0.02(5mA)

_ _ o 22k$ _ _ _
0,: Vi -m(lsV) =330V | Ry —22k$H78k$ =172 k$
1. =150 3307 0.7 =152md | Vg =15"1. 52mA(4 7k$ + 21 6k$?|- 541V
17.2k$ +151(1.6k3 ) 150
+
g, =40(1.52m4) =608 mS | r = 10 5474 | 2804541 S0 ke
' 60.8mS 1.52mA

120k$
: =— = (151)=8.53 R,, =120k$[914$ =51.8
Ot Vg 120k$ +91k$( 7) Vol Reo $[o1s ks
. 853707 _196ma | VCE—15"196mAfﬂ33k$l 8.45
51.8k$ +81(3.3k$)
g, =40(1.96mA) =784 mS | r = 89 10248 | FO=M=34.9I€$
" 78.4mS 1.96mA

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

Page 943
R, =478" [122k" =460" | R,=3.53k"[542k" =331k" | R, =232"[344k" =230"
$ 79.6ms(230") * 1

A, =#10mS(460" )(#62.8mS)(3.31%" )a +79.6mS(230" 0K + 1A

/ 898

20 log898) =59.1 dB

###

4,0 # Vop /(#10VCC)(1) #E(#10)(15)(1):2250
1

GS TN -

#it#
A, =#10mS(2.39k" )(#62.8mS)(19.8k" )(0.95)(0.99) =28000
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Page 948

R, = 3300

+
0.0796S  90.1

( 1 3990)=55_9 0

Note that the answers are obtained directly from SPICE

A, =-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| 15-07
I.=a,l, =—|————|=938 V., =15-938ud(75kQ) - (-0.7V) =867 V
T PY () ud | Vg ud(75kQ) - (-0.77)
60| 15-7,, | I

I.=a,l, =—|——2_| and V,, =002% In | —<——| —1.=947 ud, V,, =0.649V
¢ 612(754Q) o (0.5x10'15A) ¢ ks Vi
Page 974

v, =" v, =1.01" 0.990=0020 ¥ | v, =1 ;Vz SLOI+099 g

v, =y " v, =4.995" 5.005="0010 V | v, =) ;Vz = 4'995;’5'005 =500 ¥

vod = ddvid + Acdvzc | Adcvld + Accvlc

H 20& #0.02  1.00&

0/ A4, 4,]=[100 020

=l g To0 [ 4=[i00 02

ﬁ.ooz& #0.02 1.00&

o A, A, 4.]=[0.100 1.00

Lo01t ™ [4 ]$001 5000 [4e 4]+ ]
Page 978

Differential output 4,, = 4, =-20V,.=-300 | 4,=0 | CMRR=o

Single- ended output 4, = %= +10V,. =150 | CMRR=20V,, =300 | 4, = —% -0.5

Page 982
L 100( R. )15_ 0.7
101( 2 15
Vie =15V Re =530V
100
101 2RC
Page 983
W Vo . 15V
Ine =15 " 2 -=100p4" =80 pid

SS
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Page 985

| :ISS:

0 T SETI00 HA | Vos =127 1pR, +Vgs =12° 100LA(621# ) +Vgs =5.8V +Voq

Voo =V, + {i—D:vTNm.zv | VTN:1+0.75(1/\755+0.6" \/0.6) | Ve ="Ves" (" 12V)

Vg =11.8" Vo | Wiy :1+O-75(\/12-4 "V " \/0.6)$ Viy =275V | Vps=8.75V
Q" point: (100 pA, 8.75 V)

Page 988
V 60/

R,=2" Zf =2 SETh 320M# | R," 2R, =2(40)(60)(1M#)=4.80 G#

. : n vcm —_ vcm —_
by = 8Var = 40(37504)y,, =15x10%,, | i, TR 5.00x10%'v,,,

Page 993
100 (ISOMA 15V

IC1=IC2=H T)=743‘MA | [C3=T=750‘U,A | VCE3=15_0=15'0V

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 g0 4

0.668
ex
0.025
Page 996

8400
=560 (15) =8400 I, " 50(1uA) =50 UA = =2210
1oosff’50uA

. _ _ 8400  _
le, " 50(1UA) =50 LA | Ajm_l 2o o ag 2%
+ 0,

100 Bopal

)))
50 15V
=2r, =2———=50 k+ , ——— =30 kt
R 40(50uA) R 5 5ma
50 15V
=2r, =2— =50 k+ , —— =30kt
R 40(50uA) R 5mA
)))

=560 (1.5) =840
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Page 997
CMRR" g,,R, =40 (50u)(750k# ) =1500 | CMRR,, =20log(1500 =635 dB

Page 998
r 40( I ,R.r 0.7r 5601
dm = % RRC = ( m3r03) B Rfeu S (4OIC3r03) =800 = (VA3) = =
c T 723 2\ Ro+r1y; Ro+71,; 1+&
7"”3
_ 5607, 5607, 560V, 5607,
dm - - -
14 30LcsRe ) 401c,R, (ICS) N 40(0.7) Ies) 14 28(163)
ﬁ03 ﬁoS ICZ [)’03 Ic2 ﬁ03 ICZ
AP =560 (75)=42000 | 1, =50(1ud) =50 uA
A, = 42000 _ 41000 | 4, = 42000 _ 1450
, 28 (500u4 1, 28 (5mA
100\ 50u4 100 50u4
2 22— 50k | R, =r, =V 500
40(50u4) 0.5mA
=2 =2 oS0k | R, = =180 4Q
40(50u4) 5mA
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Page 1002
4,="350 | A4, ="22mS(150k# 162k [203k# ) =" 1238

vl —

) 0.198S(2k#”l8k#)
- 1+0.1985 (24# 1 81#

=09971 | 4,,="3.50("1238)(0.9971)=4320

vt3

PPURS (NP PSR S LU W Ll oL
" T h0(9.5p) " g &1 40(4.95mA) 01
P, + 1, + 1) (Vee + Vi) = (100 + 500 + 5000)4(307) = 168 mW
! *
Iczsomz%br:@ﬂm | Ic3=500uA+%=533uA | R.=; 0'7523* =15.2 ki
%49.7 "
150 . iy
V$3:W:7.O4k# | A,y ="20(49.7p4)(15.2# |7.04 8 ) =" 4.68
150, 150 _ 754143
1., —ESmA—4.97 mA | rgy, _W_755 # | r, —W—168 k#
A4, =" 40(533/,04)[168k# 755 +151(2k# )] ="2304
0.1995(24#)
gy =40(4.97m4)=0.199 5 | An=s 199S(2k#):0’998
4,, ="4.78("2304)(0.998) = 11000
Rz =2 90 s | r ool el L TGSk
wome 40(49.7u4) " gy &yl 40(4.95md) 151

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

P20t g g = 20mS (1174 203k ) =" 1630 | 4, ="3.50(" 1630)(0.998) = 5700

T 550u4

7 4|[R

- 190 _oim | R e+l o 1 IR e

40(49.5u4) g &+l 40(495m4) 101
CMRR and input resistance are set by the input stage and don't change.
A, :L=69£=0.99986 | T,=T | T,,=0 | R, = R, _ 162k =0.234 #

1+7 6921 1+7 146920

R, %R, (1+Ty.) =101k# (6921) = R, (1+ T) =699 M#  (Assuming T, <<1)
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Page 1004

2(500uA
Mﬂ_agv | R -8 163k
A

V.o =1+
©6s3 100uA

(
1 1
Ay = -5\/2(0.005)(10mA) (16:3kQ) = -8.16 | A, = ~Gyofs = -Jz(o.oozs)(o.ooo%m) ~-31

7.07TmY2kQ
One =/2(0.005mA)(0.008MA) = 7.07mS | A, = e Or:j s(zkg)z) -0.934
1 1
A =-816-316)(0.934)=2410 | Ry=» | R, =g—m=m=1419
CMRR= g,,R =1.00mg375«Q) =375 or 515dB
P=(ly+ 1+ 15)(Vop +Ves) = (5.7mA)(24V) =137 mW
Page 1005
K, |(7/1) (w/z) 160
Addl i _\/K:;’ (W/L); l 0= m Tz - (W/L)2 - T
Page 1011
Vas1 + Vego = 0.5mA(4.4kQ) =22V |  Since the device parameters are the
Vi =Vigo =11V | I, = 0025(1 1- 1) =125u4
, , 0.5mA(2.4kQ)
Since the device parameters are the saig,=V,,, = — = 06V
o =(10™4) ex;{00625) = 265 ud
Page1014
A, =2="g p? (50mA/V2)(2V 17)(10)°(8#) =" 40.0
g
A, = A, 1_wd00 _uyno v, |$0.2(2" )7 =0.200 ¥ | |v,[$0.20°(40)=8.00 V
'n 10 ' S ' a= '
v \ $-——=0.800 V
S7 ©R. C. Jaeger and T. N. Blalock
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Page 1022

$ 150(18.4k#)
R," 0 | R, =432k# &+ )=32.5 M#
§ 18.8Id +18.4k# )

* * %

Vp=*15v— 2% _wi066 7 | Ry, = 110k [270k# =78.2 ket
1 10k# + 270k#

*10.66* 0.7* (*15) 195 pd
I.=150 =195 V.=V, *I.R. =*10.66* —F2(782 k#)=*108 V
¢ 78 it +151(l8k#) HA |V = Ve ™ L5 R 150 ( )

(10.8+15)° (*10.8)°
po=\ ] =0160mW | P, = =0.432 mW
T : T 270k
(10.8* 0.7+15) (75+115)7 150
e, = =133mW | =i =4Ok | = =193 ki
: 18kt 1954 40(195/.1A)
$ 150(18k#t '
R, =446k#8& + (184#) )=10.9 M#

& T82kH +19.3k# +18k#1

* k% %

R +R,, 21(;5—:; =750k# | Using a spreadsheet with /, =200 uA4 yields V,, =9V.
-9y 0 $9% 0.7* 1.3304(180k# )
R =750kt =450 k# | R =300k | R, =D& A )):40.0k#
15r' 1 151, 20014
- « g 3P 150(40.0k# '
R,, =/75+15 *48'32§+ ( ) )=10.7 M#
. 2x10°* g, 180K# +18.75k# +40.0k# )
Page 1026
) 2(0.2m4)
Vis " Vos #Vpy =1+ AV =140V | V,=V,+140=#15+ o.zmA(18.2k$)+1.4o:#9.96 14

W _K, _249mAlV? _996
L K,  25u4lV? 1
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09/25/10



Page 1027
15V
499K" +249K"
2 2
Pr, =(20.1uA) 499k" =0.202mW | PR, =(20.14A) 249k" =0.101 mW
510K"

Vi =#15V =#102V | #1024V #180001, =#15V
510K" +240K"

4 8#V #18000 222 MA

2 1
P, =(02MmA'18.2k" =0.728 MW | lgq = =20.1 uA

(Ves#1) =0 | Ves=1390V | 1,=189 pA

1 [2(2.49%107)
0.01\ 189x10*

R, SRS [1+0.01(11.6)](18k" )=10.3 M"
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CHAPTER 16

Page 1049

R, =10kQ(1+02)=12kQ | 12kQ(1-0.01)<R=<12Q(1+001) | 1188iQ=<R=<1212iQ

Page 1051
2(150uA
VDS] :VTN + 2|¢ | VDSI =1+ S a ) # VDSl =208V
Ko(1+ "Vos:) 250UA/V>[1+0.0133V,g |
1+0.0133(10)
I, =150uA =165 A
1+0.0133(2.08)
$$%
. o 2l . 2(150uA)
Vos Wos $Vey |V, $($10V) % © |V, %10V + SO =$8.91V
Page 1052
2(50 1+ 0.02(15
Mr=2>1_g33 | Ve =1V + ﬂ=2.161/ | MR=8.33—)=10.4
3/1 325u4/77?) 1+0.02(2.16)
2(50 1+ 0.02(10
Mr =22 _0.400 | Ve =1V + (504) =189V | MR=8.33—)=O.463
5/1 5(25u4/ 1) 1+0.02(1.89)
Page 1054
— ) I//E?Elf)l/(J VBEl 2 fyO —_ ) VBEl 2 ?/0 —
Tper =1 expﬁf $1+Z+To | 100uA = (0.1/4) exp(40V, ) AT ) Ve =0.690
Vg * Ve ) Vo * 4V, +0.690 V
Page 1055
(a) MRr="A-05 | MR =22 =250
A 2A
(b) MR= 05~ 0.490 | MR= 20 _539
5 3.5
1+ 1427
75 75
113 113
() MR=05——-060__=0606 | MR=25— 60 =205
07 1.5 0.7 35
I+ ——+= I+—+
60 75 60 75
60 ©R. C. Jaeger and T. N. Blalock
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Page 1056

10/1 20/1
lop = 10qw{m) =200uA | lgz= 10qw{m) — 400 pA

40/1 2.5/1
o = 100pcﬁ{m) =800uA | lo= 10QuA(H) —50 uA

| 2oquA% =231uA | Iy, = 4OQuAL02(5) = 423 uA
02 1+ 0.02(2) 03 1+0 02(2)

| = soquA% =954 uA | I, = 50MAL02(8) =558 uA
o4 1+ 0.02(2) s 1+ 0.02(2) '

o, =1OMA% =TA6uA | lo;=5(7.46uA)=37.3uA | 1o, =10(7.46uA) = 746 uA

1+ —
50
1+ ]5'8 1+ ég
., =10uA——21 — =8.86 uA |, =50uA——2 — =443 uA
o2 = AT 717 uA | log = S0WA—F=5 H
1+ —+— 1+ —+—
50 50 50 50
1+]5'g
., =100uA———=2*— =886 uA
04 Qu 07 17 w
1+ —+—
50 50
Page 1057
MR = Lll= 9957 | FE =10_1ﬂ= 4.3x107 | Vg =Vop + Vs =14V
1+ 0
50(51)
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Page 1058

MOS
1+0.02(10
e =200aa 00200 s g R, 23T ke
1+0.02(2) 231uA
1+0.02(5
I, = 4OOMA—() =423ud | R, = SOV 5V _ 130 ke
1+0.02(2) > 423u4
BJT
I+ 10
L, =10d—39 101w | R, =V 504 m0
0.7 17 10.1u4
I+ —+ —
50 100
1+ &
Ly=50ud——50 _507u4 | R, =V 41900
07 17 50.7ud
I+—+—
50 100
Page 1059
1,0 1, lov
1, =100 SOV _g9.4 1., =500 SOV 529
“l MA1+O.7V+ 6 wd e ud L0V 6 ud
501 50V 50V 507
Rmsi=;=280 Q | /3’=M=5.92 | R, IOV 340
g 40(89.4u4) 89.4u4 529u4
Page 1060
10V
Vg =Vsg =0.75V + 2(100,4) 120V | | 1ooMA1+ SOV _ 117 uA
pst = Vest = Y- A2 D2 = 1A
ImA/V 12
50V
Rt -1 _omke | p=THA_147 | R, =2VHIWV 51340
O 2(10—3)(10—4) 100uA 117uA
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Page1061
%
R=— Vi Ind‘ rer Az, 0029/ In 1OOIJA5 =3000(

o o Au& 25UA  H25UA &
% %
K=1+In 1OO”A‘s- =400 | R, = 275\/ =12.0 M(
25 & 25UA&
Page 1062
" % " %

I = Ve 1n$1REF Ap,, 1= 0.025V1n$lOOO/JAI S 1 =300.54 A

R #1, 4,& 100 # 1, &

" % ! %
+ In, 2 100“‘4 10- 2202 | R, ﬁ SV "2 550 k(
300 300.54 A&
Page 1063
| _l 2|REF 1- Io (VV/L)l | | 1 (ZOOMA) 1- IO i
° R\ K, | ner (W/L) °~ 2kQ | 25uA/ V2 200uA10
=2.00mA1- =764 uA
2. OO
R = M(u 2000\/2(2.5x104)(7.64x104)) =176 kQ
764uA
Page 1066
R)ut_ﬁor°=150 50V +15/ | _ oo 11 R - 5W+15V_1.30MQ
2 S0uA S0uA

Page 1068
Vigs =V, =0.8V —Z(SX1O"5) 143V | Vo, =15"143=136V

= =0. + L =1, = "1. =13.
DS2 GS2 25x10 4 | DS4

S &OWV+13.6V &071/ 14377
Ry #4147, =4[2(2:5x107)(5x107)[1+0.015(13.6)]& i gg i g 379 M
(

% %
R =r= 66.7V +15V _ | (31
5004
R #7do = 100367V +14.3V gy 34| R, =r, =0V TV oy o4 e
2 2% 504 Z 5004
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Page 1072

10V — 207
I, =25014ud + —~ =Y _ 55008
0 T T16660 ud

Va2 Vosa=Viy =02V | V,y2V,,+02V | V,,2095+02=115V

I,=50ud=01% | Al <50nd | R, > 2:2 ~400MQ | Choosek, =1GQ.
n
2
re Y M@ —u, <1000 | u =t 2R | g =|2%%1009| 224 _p5m4
50uAd VA Vv 2 4
3
(wiz) =(wiL) =2.5x105 _30 (wiz) =(wiL) _150)_25
2 4 By10° 1 3 12(1) 1
Page 1073
5V 0.7V 7.5V " 0.7V
. . _ Voo " ("Veg)
Since the transistors have the same parameters, Vgg = ————+
"4 "4
Iy, =1y, = X1 (1667 1) =89.0 pA | 1p, =1y, =%(2.5 "1)" =450 pA
0025V, 5"1.4 0025V, 7.5"14
I, $ In— =101 pA | 1,$ In—; =103 pA
°7 6.8kt 107°(39k#) HA T o3 e ™10 '*(39K#) H
Page 1074
" %
[, =gl A 2002 In[10(L0)] =115 4
R #l, 4 & 100Q
)))
VCC + VEE * VBE1+ VBE4 +14 V
Page 1076
# &
R= 2 g 1/iﬁzg.ss K
5(25x10°)(10™)§” V50
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Page 1077

22V n[ Lo A2 | 0025875V (25) o <
Iy \1cy Ap 45uA 5

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

Page 1081

Vrar = Ve ln(%) = (27.57mV)In(20) = 8259 mV | R = Vorar _ 8259V _ 5 a0

B I, ~ 254

Vs =y n] 4 = (27.57mV)In 2ud|_ 067027
0.5/4

S1

Ry Voo + I =Vip _ 112+ 3<0-02757) -0.6792
R 2V pra 2(0.08259

Vig =V + 2%1/”” = 0.6792+ 2(3.169)(0.08259 =1.203 ¥

-3.169 | R,=3.169R =105 kQ

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—n3
1
Kn3=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
2\/A

FO4( Four T 1)

%
oy #t 2es = 2lea e gy~ 00051 ®lea {_gosmy

For the buffered current mirroVe., =Vegs + Ve +

"os 50 25 8lc, 125
2(60) 2(60v) A47mV
V.., =0.7+(0.7+0.081) + =137V | $V = =471mV | Vye=——=047mV
EC4 ( ]) 50(51) | EC 50(5]) | 0s 100
Page 1090
les) 3

For the whole amplifier A, = A,A,A; | A, =, =4075=3000 | A,=1
Ay =50(3000)(1) =150000 | Note that this assumes R .

Page 1091
s g Lk $  #1
CMRR=, =g — #_ 1 y = 2& 14 L) -54500°0 1358
¥ ootz 20mRee(/ ,100§20040)(75) " 2(40)(10")(10")y
Page 1096
e, lrer Bos 50 My s 40(60+14'7)
= =—= =10 - =5 = = =1500 =1
A= AALA, | Ay = By = SE L =TS | A= . A,
A= 5(1500)(1) = 7500 assuming the input resistance of the emitter followers is much greater than
s and V,, =V,,. Checking: r, = OV +14.7V _ 149 kQ | Rgs=p,R =300 MQ
500uA
lcs =101, =101, = A, =10A | R,=2r —2£—150 kQ
Cs C4 C3 5 d w1 40(50‘[,LA)
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Page 1098

| rer _22+22-14 ) h9ma | 1= 0025/, (LO9MA) |, =200 uA
39kQ 5kQ .
, 234V 1, 2L
_ 60V _ _ 60V _
|, =0.751.09mA o7y 5 ~L108mA | |, =0.251.09mA) o7y 5 = 35LuA
1+ —+— 1+ —+—
60V 50 60V 50
R = r021[1+ Inc20 AEZO] _ SV 135V, ln( 73&"“1) -187 MQ
leys Ay 184uA 18.4uA
Page 1102
v
VCE6=VCE5+2VA6 0.7 ( )=190v
/3F06
Page 1105
" 60+13% " 60+1.3%
= = =20.1M( [111M( =7.15M
Ri = Route|[Rus oo = B e 37 Teuag 20 MU LLIM( (
Page 1107

4, =" 146x10"(6.54 M|

Ry) =" 1.46x10™ (6.54 Mi# [20.7k# ) =" 3.01

Page 1109

Ry =5+ (Bos +1)R, = % +51(2kQ) =103 kQ

m

0.025V [ 0.0257
Reyy =Tns + (s + Rs )| Reyo = 0216mA [0.216mA

+ 344/@]”1031@ =79.4 kQ

50(0.0257')

R, = —————=+51(79.4kQ) = 4.06 MQ
0.216mA
R = (s ) e + ro+ v [ 0025V o 3aapo|[ 0025V 579%kQ+89.Q) | oo
e S B,+1 ) \0.216mA 0.216mA 51
- _50%0% _625 0 | R, _05+1970 0y 750
2mA 51

Iy, = 0TV 5.9 ma | I = =97 318 ma

27Q 22Q
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Page 1112

s R0k | Kk, =l =5 200 | K, ==t
y = vy, = AVAYS = ——=—=(). ===
° B RR& - M7 Y| s RS ERE
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CHAPTER 17

Page 1131
1 1
- —ﬂ\/lo2 +1000°-2(50) -2(0) =159 Hz | f, = E\/looz +1000° ~2(500) - 2(0)" =114 Hz

Page 1132
200 | 2005(s+100) | Vow? +1007 0? +10°
— > 209—F———=08ls——— —w=205rad/s
(s+1000 ‘(s+ 10)(s+ 100()\ No? + 102 w? +100°
Page 1133
6
£ =0 150 kHz
2n
Page 1134
1
fu=so : 2 2 —=21.7 kiz
1 1 1 1
—| + -2 -2/ —
10° 5x10° 2x10° ©
Page 1139
The value of C, does not change A, ", "5y " 5 OF " 55
"oy =H —#1000 rad’s | ", :#; =#385 rad/s
24F (1.3k$ )

2/1F 1.3k$

%
L. 23m5)

f= 2%\/41.02 +95.9°+1000° #2(0” +0° + 385%) =135 Hz

#HH#t#
A, =10%24732 - 4732 r,=57.5 k$
. ’ 1.23ms’ ° T
Note that the SPICE value of g probably differs from 1.23 mS as well.
#HH#t#
n — 1 —
oy =H % ( =#202 rad/s
10uF' 1 3k$H 4\57 5k$ *
)

f, = 2Lﬂ/m.o2 +95.97 +202° #2(02 +0%+ 76.92) =31.8 Hz
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Page 1142
140(0.025V)

ry= o1 =200kQ | RC =(1kQ+75kQ[20.0kQ2uF =33.6 ms | R, =75kQ[lk2 =987 @
175u4
R,;C, = (43kQ+100kQ)0.1uF =143 ms | R3SC3=(13kQH20'Ok?4:987Q 10uF =1.47 ms
AL L L osw
2 336nw 1.47ms 14.3ms
Page 1144
% 260(%
gz R ML, .26006100 £(4.3k, hook, )="157
R +Rm&r$ ) 822608151k, )
% %260(%
4= R, %%, L( 4260(% 100 (( 43, |10k, 468k ):,,140

R, +R, &r$ ) &2260)&[ 51, )
r, is responsible for most of the discrepangyand# will also be differ from our hand calculation
Note that 45% of the gain is lost because of the amplifier's low input resistance.

_2(1.5ma4)

8= =55, =600mS | RsG = (U +24% J0.1uF =244 ms

% 1
R,C, =(43k, +100k, JO.luF =104 ms | Ry,Cy= 8}.3/(, HG_OOmS;loszlAs ms
%
fﬁi' t 1 £:129Hz

2% &24.4ms 1.48ms 10.4ms)

Page 1146

# | &
0, =40(0.1mA) =400 mS | RC = gboo +43K H4.00ms(4'7“': =1.64 ms

RsC, =(22k" +75k" JIuF =97.0ms | f,) 1? LS B, TPV S
2% ¢f.64ms 97.0ms"
Page 1147
—2(1'5mA) 6.00mS 1 1uF =0.248
N =o.0um = =0.248ms

IR

1( 1 1
C, = (4.3kQ+ 75kQ)0.1uF =7.93ms | f = - 662Hz
ReC = (432 + 75k2)0.1u R 2n(0.248ms+ 7.93ms)
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Page 1148
100

g, =40lmd)=400msS | r, = oag ~ 2504

R.C, = (1kQ +10060[ 2.5k + 10](3kQH47kQ)])O. F = 7.52 ms

250 + (100K} 1( 1 1
R,C, =| ATkQ + 3kQ o1 10uF =4.70s | f, = 5(7 ol 78) 21.2 Hz
(B, +1R, ( R ) 101 3kQ|47kQ) ( 100kO )
4, = = -+0.978
Ry+r,+(B,+1R\R +R,) 9900 +25kQ+10] 3Q47k2)\1hQ + L0GKL
RC, = (UkQ+243Q)0.1uF =244 ms | R, C,= (241@ + 1.3&“% ATuF =1.1535
L=L( 1 1 )=6.66Hz
2w\ 24.4ms 1.l5s
A, = +( R ) Enly +( 24‘%9) MS(l.stHZAka) =+0.550
R+ R;)1+g R, \244kQ) |1+ 1mS(1.3k24400)
Page 1152
C,=°n_-C, C, = L‘”
L
(100 ud, 8 V): =0.551pF | C =M—o 551x1072 =0.722 pF
€= / 7 3y " 2a(500MHz) '
3%

40(2x10-3)
(2 mA, 5 V =0.700 pF C,=—r—'--0.700x10" =24.8 pF
/ 4 3y 27(500 MHz)
Y061
40(5x10'2)
(50 m4, 8 V): — = _0551pF | C,= ~0.551x107"% = 636 pF

g 2Jr(500MHz)

/ 73V
O6V
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Page 1155
1
Cos =Cop == Cis =0.5 pF

2
g 2(0.01)(0.01)
C.o+C,p :ﬁ | 5C,, +C,, = 25(200M1Z) =113pF | C,,=188pF | C, =9.38pF
C 40(20
C, =t = 2PF _oss1pF | = Sme C, __ o) 0.551pF ="0.296 pF
A \/1 73p #, 2$(500 MHz)
%, 0.6V
Page 1158
Ao [ P g] | R - 7.5kQ(1.51kQ + 250Q) = 1.43k2
R + R \r +r1,
. (1430} 100 (4.3kQHIOOkQ) = -139
2430 \ 1.76kQ
A=-—Po_[Po RL 12607y 100 (4.3ke[100k) = -157
"R+R |t 12260 \ 1.51kQ
Page 1166

The term C_ R 1s added to the value of C;.

710

C. i-3pF 4120 =188 pF | f, = ! =1.39 MHz
656 27(656Q)(156 + 18.8) pF

710

_ O _ 00645
fe: = 27(C, +C.) 27(19.9+3)pF 45 Mz

= _ 0068 5 _jg4 pF
27(500 MHz)
Cr =19.4+1(1+0.064(4120) + H201_ 590 pF | f, = ! = 837 kHz
656 27(6562)290 pF
_ O 00845 sz | of,-9n 00045 05 GHe

f
" 2aC, 2m(19.4pF)
A.q = —135 1is not affected by the value of f.

2aC,  27(1pF)
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Page 1167
#

Cr =10+2g+ 1.23mg4.12k" )+ ‘;;260(&: 304 pF | fp = 2) (996.1)30_ 4pF

f,= O = 125 _j95Mpz | £,z n - 129MS

2)Ces  2) (L0PF) 2)Ceo  2) (2pF)

- 9., _ 1.23mS

" 2)(Ces+Cy)  2) (12pF)

=5.26 MHz

=979 MHz

=16.3 MHz

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

10k§2H30kQH11.9kQ
oo = 11.9k0)(882+250) <1030 @ | 4=
14Q + 10k§2”30k§2”11.9k§2

=0.821

4., = -0.821(%) =293 | f, = ! = 6.70 MHz

27(1.034Q) 1992F o5 pF(l N 4120)}

7.4 1030

GBW = 29.3(6.70MH2) —196 MHz

Page 1176

. $, 100 _ 3.96mg17.0k&
PN ia M L S =396mS | A, iroke)

1+ g#Re +Ty opgy 100 1+3.96mY100%.)

40(0.1mA)

=187MHz | GBW=903MHz

=+48.2

. 1
29417.0k&)(0.5 pF)

fH

E =1.3k& 1 =265&
3mS

m

Rs =R,

— — — n 1 —

Auwa =0.7269,R ) =0.7263mg(4.12k&) =898 | f, > 4_12k&)(4loF)_9.66|\/|Hz
_ . amS

GBW=86.7MHz | f, m—434MHZ
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Page 1179

3mS(1.23k" )
R, =13k" |p4k" =1.23k" | A,,=0.998 =0.785
1+3mS(1.23k" )
Ju# ! : =50.9 MHz
H - - .
2 %
$ (14" [a30k" Y 1pF + 27 1opF
& 1+3. 69)
Page 1182
f, = ! =637kHz | f,= ! = 6.33 MHz
271(25 MQ)1 pF 27(50.25kQ)0.5 pF
Page 1184
Differential Pair: 4,, ="g,R. ="40(99.044)(50k# ) =" 198
40(99.0
5 =M" 0.5pF =0.761pF | r, =100 53w
2$(500 MHz) 40(99.0u4)
1
- =3.18 MH:
Ju + % 50kt ( :
2$(250#)-0.761pf +0.5 pF* 1+198 +>
, & 50# )/
%1 (
gmlI 7; 198
n . — m?2
CC" CB Cascade: 4, -—%1(( g,R)= +-=4990
I+g,
m2)
1
1 =6.37 MHz
Ju 2$(504# (0.5 pF)
Page 1185

g, =40(1.6m4)=640mS | r, - 100 1560 | C =64'0—’"S-o.5pF=19.9pF

T 64mS " 27(500MHz)
Iy _ 1.56 kQ ) .
a = m(_g R)= gem 25m s L5640 | OHOMSN41242) =153
1 1
In = para(C, +26,) " 2a(656Q)09 - )pr o ME
1 1
Jra 27R,(C,+C,) 27 (4120Q)(05+5)pF roz Mz
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Page 1186

0.02(100 0.02(25
for = L ( “A)=159kHz | fo = L ( “A)=39.8kHz
47 Coepr,, 4 (1pF) 47 Cogpr,, 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
1 .
= =-j3.18Q
“ 27j(SMHZ)0.01uF :
Page 1199
(i) f,= 1 _459MHz | 1= HINV 1O g0
Zn\/(louH)(loopF +20pF) 3.2mA
100kQ[100kr
- I ° __492 | BW=22MHZ_ o3 sz

27(4.59MHz)(10uH )

Ania = —gm(looﬁngOG(Q

r,) = —\/Z(0.00E)(0.00BQ(10(](9‘@0&9”19.8(9) --80.2

_ 100k<2|[LOOKS|r
f,isunchanged| r,= SO/ +10v -1.6v =18.3kQ | Q= ‘P ° __46.4
3.2mA 27(4.59MHz)(10uH)

Page 1203
Rep=g, =8 g |14 Con| 1|14 Cor
Cos Cos+Cyp C C

GS GS

Ry, =w, L for Cy>>Cy)
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Page 1204
2
Reo Ry (le 0‘5cm) 75Q

=2 _ = =1.88x10”H
= or (Vs ~Vay ) (4000rr12/V - s)(o.zsv)
Page 1207
IRLE 201og(l) = -9.94 dB
An = 1
Page 1209
Ag= 124_2 | 2010g(3) =-3.92dB
Ar = 1
Page 1210

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

Ao = (0.7)(200”V)=1;4 | 20Io<£')=—7.02d3

" 100mV T T 4
FromFig. 17.81(b) the spectracomponentat 46 and54 kHz haveamplitudesof approximately
45 mV, so the conversion gain is:
_ 45mV
100mV

Ao =045 | 20log(0.45)="6.93dB | Note:%:0.446

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=

A,

s, = Ay =3V

Je=Sn

= — oS _
A3fc o A3fc—fm - 3 =1V

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

Page 1231
|

-
2
Ve, =5V "V, =5"0=5.0V | V. =5"V,"V,=5"0.7" ("0.7):5.ov
(1 mA 5.ov), (1 mA o.7v), (1mA o.7v), (1 mA 5.ov)

lea=les=le, =l =2=1MA | Vo, =07V | V.,=0.7V | 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 7, must be zero for i, =0.

, . 1 . :
If we include r,;, and start at the base of Q, assuming 7, >>—— and a current mirror gain of 1:

m3
% (% (
Sl 1 )] = o S ]

R 04HR,.BZHRL 55kt [, 1+ [10k+
n,o S5kt

=0.0579

Evaluating Eq. 18.7 without B, Toe = g, (1, |11 |Ris2 ) = 0.04(55k+ 55+ [5.1k+ ) =172

Page 1239
Toou= [0 (RIF-2)][#90e([R * RIRe ][RR ]%%‘FJ—F%RJ
Tew= Toa ;3””%:2 (1+9R) =#2.01%[1 +0.045(300% )] =#19.2
A = 01191922-950 | NowR.,=r,=+ | R°,31.7k* | R, 1.74k*

Scaling using the previous result : T =#19 2$1'86I =17.8 | R,=317k* 1-|-17'8:596k*
g gep - Isc : %k ) n ' +0

1
1+0 1 T

1. 74k* =86.1* Removin P— =86.8 *
R)ut 19 2 | g R R)ut 86 1 10

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



Page 1241

R =R I

s | R = RlRoRes = Ry =3 i =3¢

- _ e P40
T,=0 | T,,=T=611| R =3k 653,+6112_48'3

I, 1.63/*(*5V)
1D2:1D1:E:o.5oom,4 | 1,,=1,=2.00m4 | Isz:o.momA

2(0.5mA)
Vpsy =35+ Vo | Vig =1+ o1 =1.32V | V,;,=3.5+1.32=4.82V
m

Vo, =5+1.32=6.32V | V,,,=5*1.63=3.37V | V,,,=5*V,=5.00V
(o.5mA, 4.82 V), (O.SmA, 6.32 V), (0.51mA, 3.37V), (2 mA, 5.0 V)

Page 1245
R appears in parallel withr_: r] = rnHR = 4.69kQHIOkQ =3.19 kQ

, r 3.19kQ
T=-g,(Ro|(R +17) ro)(r]; "y ) - -0.0328(5ke(50ke2 + 3.191@)”62.41@)(&19kQ ; SOkQ) =-8.17
w T 8.17
A= AT = S0k =S K
Ry =1|(R: + Re[f,) =3.19kQ|(50k + 5kQ[62.4k2) =3.01kQ | Tye=0 | [Toc|=]T|
R, = 3'0”@1:?7 =328 Q
R = Re[of(Re +1.) = 5kQ62.4kQ|(S0kQ +3.19kQ) =426 kQ | Tye=0 | [Toc|=]T|
R =4.26kgli;(i7 463 Q
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Page 1246

4= R, R, ) [ 45.1kQ 0k ) __ o
R+R N\R, +R, 2kQ + 3409 )\ 3362 + 10£Q '

g R R\ [ 45.1kQ 22\ o,
R+R,\R, +R, 10kQ + 340Q )\ 336Q + 2kQ '
7= -4, __ 48.5kQ =323 | g,= 1 L ! =2.50 mS
R.+4, 50kQ-48.5kQ R, \1+T) 12Q\1+32.3
R, = RF+L L) 50k€2 + ! ! =1.51kQ
g \1+T 2.5mS \1+32.3
Page 1250
Tisthe same|T|=306. | A“'=1 | 4,=A4" T _43% |_0.907
1+7 \1+306
R, =R =100Q) == =307Q | T,=0 | [n|-|r]
o 2,5 3.16mS
R, =309 1000
1+ 306
Page 1251
Tisthe same: [T|=306. | A“'=1 | A4,=A4" I3[ 390 14997
1+T  \1+306
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) -

Ty = —%(21”02 r04) SmsRr _3.lng(

l+g sR.

1+204
1+306

R, =500Q =334Q
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Page 1254

Tis the same: [T|=152. | A™=" % ="1 | A= ';’ea'% =" 1%—151252?: "0.993
1 1
R, =(R+ R)HRHQ:Mk) [10k) H3.16mS:304) | Tee=0 | [Toe|=[T]=152
_ 1+0 _
R, =304) ) =1.99)
Page 1255
There are approximately 15 cycles in sgc: f = 150); fes _ 18.8 MHz
S
Page 1256
1 g ) .1 y2(001)(0.0005)
fT_2TCGS+C_GD | gm—‘\lanID | sz_le_zT 5pf+1pF =83.9 MHz
. 1 \/2(0.004)(0.0005) UMMz | = 1 2(0.01)(0.002) 68 M
2" 5pf +1pF 2" 5pf +1pF
Page 1265
§ - 1 1
G,=g, = \/2(10 J(5x10%) 0316 mS | R, =rffe =5 S CTa 500 kQ

fT=L Gu|_ 1/(0316mS 151 MHz
2n\C. ) 2m\ 20pF

1

T2

1
RCc (1 + A/2)

_ 1
27

1
R)CC(I + Mfz)

5 - L 1 =158 Hz
2 1 [2(0.001)
500ke(20pF ) 1+

0.02 \ 5x10™*
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Page 1266

2(0.0015x10™*

fa b Om_1 2 ])12 ~796MHz | R=—1 - 1 -1.00kQ

27 C. 21 20x0 Ors \/2(0.003)5x104

100V
G, =0,,=405x10°)=2.00mS | R=r ,=—— =454kQ
e =40 ) i 4q5. 5xlU4A)
40(5x10™*

A U S L T YT I S S 0(—11) =106 MHz

27\ C.) 2x\ 30pF 211 C.) 2x| 30
S IR S ! _s8ahz

2|1 oCe (L+ 1r2) | 27| 4.54(30pF[1+ 40(50)]
Page 1269
sr =100 5 o0x100 Y Z 500

20pF s us
s =200 _ s 505100 500

20pF s us
Page 1273
G, = g,, =402.5c10*) =10.0mS | f; - 1 G,l2 | 1[10.0n8) 15 7pm

C. +C 4\ 50.8pF
¢ =90-tan L 157& +tan‘1 157& 1 157& +tan‘1 157& =695
142MHz 173MH= 192MHz 206MHz

Page 1277
srR = IMA s axiorY =154 Y

C.+Csps 65pF S us
HH#
30° = tan™ fr '+tan#1$ fr '+tan*@’f1 fr I* f.=16.6 MHz

§‘/e92|v|sz 552, 1|\/|sz %OOMsz T
= 65pF %wz#zpl: 313 pF
81
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Page 1283

Whenthe circuit is drawn symmetrically,capacitor2Cgp is replacedwith 2 capacitorsof value
4Cqp in series. The circuit can then be cut vertically down the middle todaifferential mode
half-circuit. The total capacitance at the drain end of inductor L i$&4Csp.

Page 1285
f, = ! &=5.016 MHz | f,= #31 &25.008 MHz
1.8 fF (7 pF 1.8 fF(25pF
2" 31.8mH%ﬂ( 2" 31.8mH% ( P )(
&% 7.0318 pF ( %25.0318pF (
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