Microelectronic Circuit Design
Fourth Edition - Part Il

Solutions to Exercises
Updated - 09/25/10

CHAPTER 10

Page534
( ) A =|A|A|=4x10'(2.7540Y) =1.1040°

—W/ZPRL—J 16' =25.3V | A\,—v—%—506xlo3

|O:i:—253/_1 58A |1 =— = 0005 4160 A_—_—1'58A =0.48x10°
R 16 "R +R. - 10k" +20K" I 0.16UA
25.3/(1.58A
A=F- (1.584) =4.7910° | CheckingAp:(5.06x103)(9.48x106):4.80x101°
Ps  0.00%/(0.167uA)

Age =20l0g(5060 =74.1dB | Ay, =20l0g(9.4810°) =140dB | A, =10log(4.80:0°) =107 dB

HH#
Aqe =20l0g(4x10°) =92.0dB | A, =20log(2.7510°) =169dB | A, =10l0g(L.10x10) =130dB

Page541
X :g = =0. l‘l :g =0. =0.
G.=0, 1 0.262uS | A=g,, =0.262uS(76)(50k" ) =0.995

20k" +76(50K" )

# 1 1 75 8& g 262"

=g,, =0 T =262" =) 22 = =)0.013
Rou = G2 Eox 200 200 | % )(ZOK') )(201<') )
R ="1=38M | A=g,=0995 | R,=—=262"
11 22
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Page547
(a) The constant slope region spanning a maximum input range is bet@&ev" v, " 1.5V,

1.5+ (#0.5)

and the bias voltagé, should be centered in this rangd, = V =+0.5V.

Vp =V +V, | -0.5V" 0.5/ +v,$ v, %#1V and 0.5/ +v, " 1.5% v, " +1V

&#LV " Vy" +1V or [vg|" 1V and v,[" 10V

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

Hi#

Vo =10(V, #0.8/) =10(#0.5+ 0.25+ 0.75in1000 t) = (#2.5+ 7.55in1000' t) V | \, =#2.5V

VO

Page552

Vy 1V _ 0.100/ =100mV | v, = v =0.001V =1.00mV
100 10*

1ov .
v, =——=1.00x10°V =10.0 uV
id 105 IJ

Page554
. 360k#
~ 68kH

0.5/

Il =———=7.35uUA io="i,="i="7.35uA
i 68k# l’l | 0 2 i IJ

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

Page556

|,:%:426HA | 1,=1, =426 uA | 1, =#l,=#426 UA
_ 24Kk _ _
A =# - =#5.11 | V, =#5.102V) =#10.2V

Page558
5V

Ar:"%:"ﬁ:"O.ZM# | R =200k#

v, =" R, =" 2x10°(5x10° sin20008 ) =" 10sin20008t V
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Page560

A,:1+36k =+19.0 | V,=19.0(#0.2V)=#3.80V | |O=ﬂ=#100 LA

2k 36K" +2K"
#it#

39K ) )
A =1+ = =+400 | Ags =2010g(40.0)=32.0dB | R, =100K" [$ =100K
v, =40.0(0.25V) =10.0V | iozﬂ=0250 mA

39Kk" +1K"

Hit#

54
A=100=501 1+ =501 R=s00 j =_VYo 10 0.1 ma

R R R+R R+R

R+R &100k" 501R &100k" " R &200" There are many possibilities.

(R=200", R =100K"), but(R=220", R =110 K" ) is a better solution since

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

Page563
. - 30k#
Inverting Amplifier: A =" ——="20.0 =R =1.5k#
g Amp A= o | R\=R
V,="20.00.18/)="3.00V | iozﬁzﬂ:"mom
R, 30k#
: e 30k# v. _0.1%
Non- Inverting Amplifier: A, =1+ =+21.0 =1l=—"=%
g b A 1.5 IR, I 0A
V,=21.00.18/)=3.15V | i,= Vo - 31% =100 A

° R+R 30k# +1.5#

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

Page564
$ 3’ . $ 3, e .
V, 2v§ ]k#% §/L % | v, =("6sin1000t " 6sin2000°t) V

The summing junction is a virtual groundR,, :ﬁ =R=1k# | R,= .2 =R =2k#
[

1 2

=Va -V _woma :V?‘é:ﬂ:"ZmA | i,=("2sin1000t " 2s5in2000¢t) mA
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SMcd+:OJZ:———iﬁL———:273uA
10K" +100K"
H#t#
A,z#%:#lo.o | Vo =#10(3V #5V) =+20.0V | |O:V0#V#:V°#V+
10K" 100k"  100K"
V, =V, R _5 10K =4.545/
R+R, 10k +100K"
|O:M:+155MA | |2:L:45_5HA
100K" 10Kk" +100K"
Page568
36kt V"V V"V
=27 ="18.0 | V,="188V"8.25/)=450V | l,=-o — =20
A 2k | Vo="19 ) |036k# 36k#
v+=v2i=8.25ﬂ=7.816v | Iozwz"QZ.luA
R+R 2k# + 36k 36k
Page570
Al9)=" 2¢x10° __ "400 o, _wggq | fH:%ZZ.SOkHz

s+ 5000# 1+ S
5000#
BW=f, " f =2.50kHz" 0=2.50kHz | GBW=(400)(2.50kHz)=1.00MHz

Page572
szé 1 =804 kHz

2 (1k#”10(k#)(200pF)
Page573

250 250"

A,(S)ZW | A=250 | f==7-=125Hz | f,=# | BW=#$125=4

1+

S

Page575

L L =15.8Hz

O ZT(lk#H:LOCk#)(O.]yF)
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Page577
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,(/0.99 =#20" tan"lg%% =0" (44.3)="44.3

. 20 | NS o | N .
A,(71)|= =0 | #4,;1)=#20" tan'&—1)=0" (90°) =" 90.0
‘ (v )‘ 12+(0.])2(12) (71 an 6" Ty ( )
bz
. 20 . . & N
4,(j1.1|= =17.7 | #A4,(/1.0)=#20" tan'& " N)=0" ("27.6)=+27.6
T (1 i 1)
(1" 1.2)
(i) 4(s)=+ 10(;:‘00 — | 4,=400 or 52dB
j1+ s ?,“ 50000

fL=%)=15.9HZ | fH=%300=7.96kHz | BW =7960"15.9=7.94kHz
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A,(S) - 2X1O7S - "400
(s+100(s+50009 # 100% s &
é} f’ 5oood

o " 4 %100 &
) A,(j*) ="180+90"" tan 1%?&( " tan 10?)7000 O( ="90°" tan 1&%{.&" tan 10:%*(1)%% O(
) A(j0)="90" 0" 0="90°
) A(j100 ="90°" tan %070?' tan 1%7(1)%0 O(&= "90" 45" 0.57="136"

) A(j50009 ="90°" tan %ﬁﬂog& ta 143@0& '90" 89.9" 45="225

) A(i+)="90" 90" 90="27C°

Page581

26

A =" %— 10°="20.0 | R=R, =10k#

) 2$(3kHz;(20Ck#)

Closest valuesR =10k# | R,=200k# | C=270pF

R =20R =200k# |

= 265pF

Page582
R 20
AV:"E:"1020:"10.0 | R=R,=18k#

—10R = -1 1 _ _
R =10R =180k# | C_$LR_2<%(5kHz)(18k#)_1'77nF_1770pF

Closest valuesR =10k# | R =180k# | C=1800pF

Page583
| (1w/2)%1 (
=R =10Kk" #V =S —#T ms = 0.05uF
Rn=R | HVESEHT | O oy (™9 005K
V
i 0 2 4 6 8 ¢ (msec)
| | | |
-10V—T
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v, =" RCCL—Vt' =" (201e# )(0.02uF )(2.50v ) (20005 )(cos20008t) =" 6.28c0s20008t V
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CHAPTER 11

Page605
Ideal — 1 — — Al — 105 — — Aldeal T — 1000_
===100 T=A"=-—"—=1000 = =100 =99.90
A " | 100 A=A 1+T 1001
v, _9.99%/
V,= AV, =99.90.V)=9.99V | v, = TN, Bl
Hit#
A . ) | %:1+5$ R 99 | A®'=#99 | T=A" _Ezlooo
R R R 100
deal T 1000
= =#99 =#98.90
A=A 1+T 1001
V, = AV, =#98.40.V) =#9.89V | v, = V_/i = —#i';w =#98.9 1V
Hit#
Values taken from OP27 specification sheet
(www.jaegerblalock.com or www.analog.com)
Hit#
Values taken from OP27 specification sheet
(www.jaegerblalock.com or www.analog.com)
Page606
A% = ov R 3 00 | T=A" :Ezzso | A= Ndea'—T - 40229- 3938
" R 1k# 40 1+T 251
FGE= . 0.00398 or 0.398% | FGES$ 1 0.40 %
1+T T
%
AlldeaI:o/O&:o/E39k# =0890 | "= 1 :i | T=A" :g:250 |
R 1k# 1+ R, 40 40
R
A=A _—059=0-0888 | FGE=_-=000398 or 0.398% | FGES$—=0.40%
1+T 251 1+T T
8 ©R. C. Jaeger and T. N. Blalock
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Page608
Values taken from OP77 specification sheet (www.jaegerblalock.com or www.analog.:

Page609
&
1+7=F o 723% 41499 | A:T(12L=499(40):2.00x104
R 0.1# 9%
$$%
Ideal T Ideal Rz 39k#
= — =1+-2=1+ =+40.0
A=A | A R
T = A%=10" Lot =2497 | A =A™ T 402497 _ 393
0.05k# + 39Kk# + 1k# 1+T 2507

39k# (1.05) 4.20
+

A" =1+ — /=441 | GE=442%$400=4.20 | FGE=—2-=105%

1k# (0.95) 40
. 39k# (0.95) $3.70

A" =1+ — A7 =363 | GE=363$400=$3.70 FGE=""~=$9.3%
1k## (1.09) 40

Page610

&
1+7="2 0 7229% 11999 | A= T(il: 1994100 =2.00x10° or 106 dE
R 0.1# %
Page612

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

Page613
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$ 1okt fime :
R,=Ry(1+T) | T=A"=10* \P 1= —osg | R, =1M# [1+ 248 =249 M#
Ok [1M# +390¢# | 40.39
Lo Vo N aaoona | iz | v, = ATy =402%8y =308y,
R,  249M# R 1+T 249

n $ !
Vs 398° IV | _gac A | Yes, [i|>>]i.|

R 40.46%,0k#2

$ ! 4
If we assumdM# >>10k#, T = A" :104%%#12‘?90(# % = % =250 | R, =1M# [1+250 =251 M#
Lo Ve NV ugggna izl | v = A% Ty 40220, =398y
R, 251M# R 1+T 251

n $ !
L= Vo 3987 IV — 995 uA | Yes, i >>11. |

R 40 %Ok#z
Page614

n Rz — 100(# _ ideal _ —

+ R, |2 =1k# +1M# =1001# =R =1000# | 1# or 0.1%

Ro" R*RalTia 10 | Ri =R | 0
Page622

10 ©R. C. Jaeger and T. N. Blalock
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Alldealzl‘i'&:l'f' 9:”("
R 10K"

R® =R, +R|(R+R)=25k" +10k" (92" +1k" ) =340k’
R%: = R|[R.+ R|Rs| =1k [[92¢" +10k" [25k" | =990"

=101

10K" [|l25K"

T=A RIR: =10* | =720

R,+R +R|R, 1k +91k" +10K" [25K"

vea T 720

— =101 =101
A=A 1+ 720
R, =R° (1+ T) 34.0Kk" (1+720) =24.5M"
D
Rout = R = Y-y 537
1+T 1+720
Hit#
Ao =14 B 2 9 10
R =~ 10k

RS =R +R,+R|(R+R||R) =2k +25k" +10k" [(91k" +1k" [Bk" ) =360k’
.= RIR|[R #Rl(R. R )| =i e o +10c fasc +2x | =e2o°

$ : " .
v, =3A -1 R _10f .5k Ly 10K _818,
% R+R %RLHR)+R2+R k" +5K" 1k Bk +91k" +10K"
R,=R(R+ R [R) =10 [[o3¢ +1¢ s ) =902
T= g’ﬂ%L = 4818 25 = #568
We(R.t Ryt R 9.02k" +25k" +2k"
Ideal T 568
=101 =101
A=A 1+T = 1+568
R,=R:(1+T)=36.0k" (1+568 =20.5M"
D ]
Rout =R - 826" _, 45
1+T 1+568
HiE#
Continued on next page.
11 ©R. C. Jaeger and T. N. Blalock

09/25/10



Page622cont.

Alldealzl+&:1+ 9]k' :101
R~ 10k
Ry =R, =25k | R},=R=1K
T=A R 101K _g90
R+R,~ 10K' +9%K'
Ideal T 990
=101 =101
A=A 14T 1+990
R =R° (1+ T) =25,0k" (1+ 990) =24.8M"
D 1K"
— W =" =101
Ro 1+T 1+990
HEH
Alldea|:1+&:1+ 9]](' :101
R 10k"

RY =R +R,+R|(R +R)=5k" +25k" +10k" [(91k" +1K" )=39.0K"

%, =RI[R+RR +R)] =3¢ [oxc +10¢ fosic +sic ) 50
_ R _ 10k .
WA R TR YR el roe vaoe o0
=R[(R+R)=10k" [(91k" +1k' )=9.02k"
T7=Yn_ Re _ggg 25K =628
Vg Ri+R+R 902K +25K +5K

Ideal T 628
——=101
A=A 1+628

R, =Rn (1+ T) =39.0k" (1+628 =24.5M"
e — 990

=101

12 ©R. C. Jaeger and T. N. Blalock
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Page626

SR

\

R = =R|R((R+R) | RA=1=R|(R+R/R)

(o]

Page628
Irdeal —n R: —n 91k#

R? = R||(R- +R,) = 10k# [(91k# + 1kt ) =9.02 kit
R = RJ|(R + R ) =1k# (91K +10ke# ) =990 #
. R o 10k#

- A_ Y =980
R+R +R 1k# +91k# +10k#
A - IdeaIL_u 980 =" 90 9 k#
' CO1+T 1+980 '
D D
Rn — Rn :9.02k# :9.19# Rjut:—m:%:]"OI#
1+T  1+980 1+T 1+980

A =" R ="91kd#
RY = Ry[(R- + R) =25k# |(91e# +1kst) =19.7 kit
RO, = RJ|(R- + Ry) =1k# |(91ke# +25k#t) =991 #
T=A_ Re oy 25M

R +R +R, 1k# +91k# +25k#
A = T gy 2137

1+T 1+2137

_ Ry _197K# _ _ R, _ 991#
C1+T 142137 R T 152317

=2137

="91.0 k#

=0.464 #

Rn

13 ©R. C. Jaeger and T. N. Blalock
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Page633

A= 2o = 107S
R 10kQ

R: = Ry + R|R, = 25kQ + 10kQ[1kQ = 25.9 kQ
Ro = R+ R|R, =1kQ + 10ke[25kQ = 8.14 kO
T- —(h) _Rs _gpgp_ 2K

=877C
Vid Rh + Rd 0.90%<2 + 25kQ
A= JALT )L 8770 ) 5100ms
R\1+T 10kQ\ 1+ 8770

R, = Ry (1+T) = 25.9kQ(1+ 8770 = 227 MQ
Ry = Rou(1+ T) = 8.14kQ(1+ 8770 = 71.4 MQ

Page637

Aldeal=1+%=1+ - +10

Ry = Ra|(R+ R|R,) = 25027k + 3kfil?) =132 k2
RS, = R+ R[(R + Ry) = 1k + 3kQ(27k2 + 25kQ2) = 3.84 k2

NLL T

R|(R+Rqs)+R (R +Ry
_ 3k£2H(27kQ + 25kQ) ( 25KO ) P
1kQ + SkQH(ZYKQ + 25k£2) 27kQ + 25kQ

A=+1 T =+1 3555 =+10.0
1+T 1+ 3555

D
R, = Ry _ 132kQ =371Q
(1+T) 1+ 3555

Ry = Roy(1+ T) = 3.84kQ(1+ 3555 =13.7 MQ

14 ©R. C. Jaeger and T. N. Blalock
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Page638
Ry = R|Ry =10k" 25k =7.14 k"

A =1 4 R _ 1+ 270"
R~ 30K

RY =R,[(R+ R|R) =7.14k" |(270k" +30K" [ik" ) =6.96 K"

R, =R +R|(R+R.)=1k" +30k" (270" +7.14k" ) =281k’

RIR+R) # g, &
R[(R+R.)+RSR+R,"
30K" [(270k" +7.14K" ) # 714k &

3¢ [[270¢ + 714k )+ ¢ D700 +7aak L

=+10

T=A

A :+1(§ T &: +1c# 2485 &: +9.96
ﬁ+T( ﬁ+ 2485( '
D ]
Rn = ( Rn - 696K _ 279"

1+4T) 1+2485
Ry = Ro(1+T)=281k" (1+2485)=7.01M"

Page644

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

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

Page647

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

R = 39k# \pk# =975#

R=1Kk# is the closest 5% valuey one could us89 k# andlk# resistors in parallel.

V, | 1.5mV + 100nA

Vo(t) =V + 251+ -B2¢ 1.5mV+ t=15v/$ t=6.00ms
oft) =Ves RC C | 10k# (100pF)  100pF

Page648

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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Page650
Values taken from opamp specification sheets (via www.jaegerblalock.com or www.analoc

%1, 1 ("
RLHR2+Rl #——4k$ R+R # A 5 =20k$

Including 5% tolerance®} + R, #21k$ A =10+ R,=9R
A few possibilities 27 K5 and 316, 270 K and 30 K, 180 K5 and 20 K, etc.

Page653
! v. %
Vo = T
CMRRg
) % 5.000%
v +— — =250@0.002( —— =3.750V
A@" CMR % ( 10" &
% %
Vi 5.0007°
VI = ot '—250 .002+ ' =6.250V 3.750V) v,) 6.250V
o] id CM % 04 & | ) O)
Page655
! % 96 ! %
2C|\1/|RR& 21 T 109+, 15
A = &/1000 A=—T 2K &/1ooc
+ 1+10°
A? Coomrie 21( S # oaoe
Page656
GE=FGE (A)" 5x10°(1) =5x10  Worst case occurs for negative CMREE$ L +_1
A CMRR
If both terms make equal contribution®\= CMRR= L c =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°)

Page657
Values taken from opamp specification sheets (via www.jaegerblalock.com or www.analoc

16 ©R. C. Jaeger and T. N. Blalock
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Page661

100 " 2#(5x106) 10#

A,=10%=10° | ",=-T= - 1007

=100# | fB——£§—=5OHZ

_ . _ 10'#
A(S)_ s+T'B ~ s+100#

$$9$
" 2#x10° _ 2#x10°
A(ﬁ" = 6
. 2#x10°  s+10#
S+ s+
A 2x10°
Page664
- _ . _5x10° _ N e _
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°%
&&&
$ #6. 1. .
A#=—"T_# | For$, >>%,: A#" T ===gj1 $, = #%
—ry | For$, B 5. ] J1 since $, T
Page666
90 6
A =102=31600 | f,=1=220 158, | g, s, =2MHZ _15g
A 31600 50
1+10%°
2$(5X106) 10°$ | 2$(5X106) 10'$
S| = = S) = -
A s+2$(158 s+ 3168 (9 s+2$(15.8x103) s+3.16x10"$
Yo
f,, " #; =1{10MHz) =10MHz | f, " #, :%(1OMHZ) =5MHz
Page667
@ 6
A =100 =10 | f,=1=1990 1551, | ¢ v =1OMHZ _10MHZz_,0 00
A 10° % 1000

102
Y4
(9= 29 10) _ 2x10'%

8. 2%10) 2907
A(S)_ . s+2c%(104)_s+2x10“%

s+8$, s+24100) s+200%

17 ©R. C. Jaeger and T. N. Blalock
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Page669

w SR_ 5XI0V/S _ 590y | £, = SR _5XIOV/S _ o oniiis
#  2$(20kH2) 28Ves  2%(10v)
Page670
Values taken from opamp specification sheets (via www.jaegerblalock.com or www.analoc
] " 2#(8MHZ) 1
A =18x10" | f,=8MHz | ",=—"T=——--=88% | RC=—=_——5
A 1.8x10 " 8.89#
Page677
% ( 0 2
00l=exp” 72 % | Le t+:-4£°°£ | $=.]—=0826
& 1" 8) # ) L++
y =tan’ 25 =70.9°

(fas* 17 267
%

(
cos(45°) =4%* +1" 2$*- $=0.420 | Overshoot100% exp" #$ =234 %
)

& V1" %2

1?; =1.3x1Cfrad /s
0°s

f2 (L3x0/2#)
. n:,\,_ B* 2(1+ Abl)z\/ B* ZA)‘Z :\/l. T 2 | fz:lfT / (()_]_(T)):428kHZ

Settling within the 10% error bars requireg / 13. 0 .

Page678
“T(j#,) = $180 % 3tarf’51% ~180% #, =13

T(i%100) = ° > =2 GM=§:1.60 or 4.08dB

N

18 ©R. C. Jaeger and T. N. Blalock
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Page682
From the upper graplthe final value of the first step is 5 m¥nd the peak of the response

" %
approximatelydmV + 2mV-: 9.5mm”2 5.7 mV. Overshoot 1OC%M =14 %
1Immg& 5mV
n * % n %
0.14=ex ) .| Let+= (In014, =03917 | * ZW/L =0.5305
1( *2 & ) & 1+ +
*
, v = tarf? 2 ——=542°
(1/4*4 +1( 2*2)
(((
From the lower graphthe final value of the first step is 5 m¥nd the peak of the response
" %
approximatelybmV + 5mV§10ﬂn' =9.2 mV. Overshoot 100)/ow =84 %
12mmg
n % % " %
0.84=ex )—! | Let+= (In0&4, =0.3080 | * :W/L =0.05541
1( *2 & ) & 1+ +
2*
, w =tar? —=6.34°

(Jar*r1(2¢?)
(((

The uA741 curves will be distorted by slew rate limiting.

18 ©R. C. Jaeger and T. N. Blalock
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CHAPTER 12

. R, _. 68K#

Page700
An=Ag=Ac= R_ m— "252 | Ra=Rg=Rc=R=27k#

The op-amps are idealR ,, = R,z = Ruc =0

A =AAsAc=("252) ="16000 | R, =R, =27kt | Ry, =Ryc=0

2
el 2T o) 1 e
%*0'9950 + R, *13.6#

Page705

A(0)=50(25)=1250 | ‘A,("H)‘:@:884

\2
'$

$ . .
+ H ) + H ):2* "2 2+4.935 10°" 2 +3.896x10% = 0
(%) (10000#)22 %) (20000474)2% ( H) X H X

_ 26.3x10°

"2 =26.925x10°* ", =263x10°* f, = = 4190Hz
+++
A(0)=+100(66.7)(50) =+3330° |A(" )= +3'3\7§X105 = +2.36x10°
bl
& (Loooo# {% (15000¢)°} & (20000%)°)
' +7.156x10°" | +1.486x10°" 2 +8.562x10°" =
Using MATLAB, ", =217x10°* f,, = 2T 7X103 = 3450Hz
+++

1

A(0)= (+3o)3 =+270d0° | f, =(333kHz\2° +1=17.0 kHz

20 ©R. C. Jaeger and T. N. Blalock
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Page711

Ay =1+ —1232?: =6.909 | V,=00016.909=691mV | V,,=0.00%(6.909 =47.7mV

Vo5 =0.0046.909° =330mV | vy, =0.00M(6.909" =2.28V
Vg = o.oow(e.gog)s =157V >15V. # v, =V ™ =15V
Vos =15V(6.909 =104V >15V. # Vo =™ =15V

Page714

. _V,"V, _5.00V" 499% _
Vi=V+IR, | V,=V," IR, | I= AleB_ i =1.00 pA
V, =V, + IR, =500 +1.00uA(49k# ) =5.05 V

V, =V," IR, =4.99%/ " 1.00;1A(49k#) =495V

$ ]
vo=§/(') %{( A Vi ) é"igi %(5.05" 4.95):"0.1oov
Page717 - .
Ap(s)=——>—— | Ap(0)=-2=1or 0dB
32+570+”§ o
1 o\ "2 AR " $1'°
FOrQ__Z- A_P(J )_#"2+j"'\/_"o+"c2) | ‘A-P(J H)‘ _(,,g#,,a) 2,,2,,2 §/Lq/_§%

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

the samewe must decrease the capacitances by a fac%(-)lizkﬁ?—z =2
z

. q_%_omw | ¢, =20 _ 00054
HiE#
. "2 . ”2 - -
A7) e (i) =40 | A7)
MRS TR Biajlo
Q
21 ©R. C. Jaeger and T. N. Blalock
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Page718
To decrease the cutoff frequency from 5 kHz to 2 kidg must increase the

resistances by a factor 92{% =250" R =R, =250(2.26k# ) =5.65k#

2CVR* 2 1 .
= /l—=—=—— h .
Q C2R 2 2 | Q is unchanged

%: %RI—VTEZ R°+2RR,+ R =2RR," R*=$R’ -- cant be done!

JRR, d@_ 1 R(R+R). == 1
Q: = 5 $ =0" = " Qmax:_
R+R dR (R+R) & 2/RR, RIRZ)* "R 2

Page719

e e P W R
PN T la (34 K) 242 34K AT ol 3K
#H#

f,= L =5.19kHz

2%\/10k& (20k&.)(0.00474F)(0.004uF )

1

20k& (1.0nF
10k& 4.7nF +1.0nF - (1#2) 20k&(1.0nF) 0829
) 20k& \/47n|: 10n|: 10k&(4.7nF),
+
Page720
o_KdQ _ 1 dO_ "1 p-qe o_KdQ_
=0k ! Uz ! (3"K)2()Q | =g -k
=1 4 kQ=30"1 R=30"1="1=112
3" K 2
Page721
R,=2K |2k =1k' | f,= ! =879 Hz | Q—— 82K 453
2#\/1|<' (82" )(0.024F )(0.024F ) 1k’
22 ©R. C. Jaeger and T. N. Blalock
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Page726
The lower gain results in a larger gain error and center frequency shift.

A (i) = KQz% | 10=29%% oy R =204ks
1 1 _ P _
R= 7.~ 24(2000(20000F] 398k$ | R, =QR=10(39.8k$)=398k$
R = ‘ASP(RJ.Z#o) = 392?;$ =199k$ | R, canremain the samg.
The nearest 1% values aR=40.2k$, R,=402k$, R =200k$, R, =499k$
f=_t = 1 =198kHz | BW=—— = 1 =198 Hz
28RC  2&(40.2k$ )(2nF) 28RC  2&(40S )(2nF)
. . R _,40%$ _,
Ae(i#0)= R 2006 " 20.1
Blindly using the equations at the top of page 580 yields
min — 1 _ 1 _
o = 2aRe 2£(1.01)(29.4k$ )(1.02)(2.7nF) ~ 1946k
max — 1 _ 1 _
o = 2ere 2£(0.99)(29.4k$)(0.98)(2.7nF) - 2007Hz
min _ 1 _ 1 _
BWT = 26RC  2&(1.01)(294k$ )(1.02)(2.7nF) =195Hz
max — 1 _ 1 _
BWT= 26RC  2£{0.99)(294k3)(0.98)(2.7nF) 207Hz
. 294k$ (1.0 294k$ (0.99
A?F',n:"&:"—( ]):"20_4 | Ag';xz"&:"—( ):"
R 147k$(0.99) R 147k$(1.0])
N 1
The WIC results are similar if R and C are not the same for example #/he .
. :/ RA\RsCACe
23 ©R. C. Jaeger and T. N. Blalock
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Page727

©-Gd_Gg 1 JRRAGQ oo
7 QdG Qg cc, R+Ryg Q2G

=g | R=R( Q=%\/C§( s =0

dR *, 2R,/dR 2R, R/ '2R+R
0_c+ *o'—
< dac * Pt

. +tR2.
o _RdQ_R% Q dR,_) R*Ry )1 R

QdR
)))
*O:Eﬂzi-k)l.: l: "o :Ed*°:£+)1.: l:
SQ *o dR *o:RZCP )*o )1 | SC *o dR *O:RCZ? )*o )1

1)1

S‘?:Ed_Q:E() )() Z:EQZ:KQ:L

QdK Q(3) k)’ Q 3) K
)))
o :ﬁd*ozif *0 ;\dRh: R-:I-&i: l R3
WU R TV RIR R IR)2RR
*o—&d*ozi-'- *0.: l
YR )R

* + x +p2,

S;o *&d o ) ondRh:) Rs -&O:)l R
S’;o

QdR Q,2R,/dR 2R, R}/ '2R+R,
Q—&dQ—&TQ'—+E

Q :&d_Q:&j-) Q GdRh:) R3 T&io:)li
* QdR Q, 2R,/dR "2R, R/ "2R+R
_o | gv- C dBW_ C % BwW.

sw dc _Bw) c Pt
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Page728
(@) R=R =5(2.26k" )=113k" | C =
f = !

° 2#\/(11.310 )(11.3k" )(0.004uF)(0.002uF)

oo [ (0.004uF)(0.002F) 24y
\113K" 0.004F +00020F 3

0. OZ/JF

0. 02uF 0.01uF

=0.004uF | C,=

=0.002 uF

=4980Hz

0.01uF

b) R = R, =0.8852.26Kk" ) =2.00k" = =0.0226uF | C,= =0.0113uF
(b) R=R,=0.8852.26K" ) | &= ase WE | C= s H
f = 1 = 4980Hz
2#\/ 2.00k" )(2.00k" )(0.0226uF )(0.0113uF)
0.0226uF)(0.01134F
o- 200 /(00226 IF) V2 _gun
2.00k"  0.0226uF +001131F 3
$$%
0.02uF )(0.02uF )
f =879Hz | Q= 1/Mf \/ s H _4.53
2#\/ 2K k" )(82k") oozuF)( 02uF) 002!1F+002/JF
The values of the resistors are unchandggd: C, = 0.024F _ 0.005 uF
« ./(0.005uF )(0.005uF
f = ! =3520Hz | Q=1/82k| \/( F)(0.005: )=4.53
2#\/(1k" )(82K" )(0.005uF )(0.005uF ) k" 0.005uF +0.005uF
Page728
"V = #Clv —#2PF pav=s04v
C, 0.5pF

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

Page732
4 F025 F
¢ __f CC 20(]<Hz p p 106 kHz
3pF 3pF
3 F 3 F
o= \/clc 4pF_+3PF(3pF) | Bwe o 108KHZ oo
C;+C 0.25pF 3pF+3pF Q 2
- 4pF
# :$&:$ 3 =% =%$8.00
Aoe(170) 2R 2C, O0.5pF
25 ©R. C. Jaeger and T. N. Blalock
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Page734
0.01100001= (2% +2+ 2"8)lO =0.37980625 | 0.10001009=(2"+ 2"5)10 =0.53125,

v, = %(zu +2°+27+2°+2°+2) 2341250V
2

V,eg = ﬂ 2125mV | Ve =222 =256V
2! 2
Page737
Vos =Vp(000)=0.100Vis | Vs = 0.8Ves - O-MVes —01 Ve

2R=1k# | 4R=2k# | 8R=4k# | 16R=8k# | 32R=16k# | 64R=32k#
128R=64 kit | 256R=128k# | R=500#

Page738
Row=R+2R+2R+(n" 1)(2R+ R) = (3n+2)R | Ry, =(3x8+2)(Lie#) =26 ke#

R=1k# | 2R=2k# | 4R=4k# | 8R=8k# | 16R=16k# | 32R=32k#
64R=64 kit | 128R=128k# | 256R=256k# | R =511k#
In general R, = R(2+2 4. #2714 27) = (2" YR | Ry =(2""" Jlet =511kt

Page739
The general case requirgsresistors,and the number of switches

(2+22 4. 420) =220+ 2%+ 427 =220 ) =27 2
2'°=1024resistors | 2'%'" 2=2046switches.

Page740
(3) In general Cpoy = R(2°+2'+..+27) = (2" IC | Cpyy=(2%"" 2)1pF =511pF

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

Page741

8
VLSB:%=19.53mV | 12v2LSB

=6144LSB | The closest code is,g¥0011110]

26 ©R. C. Jaeger and T. N. Blalock
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Page743
2""10° |

" 6logl0
log2

=19.93# n" 20bits

$$9$

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 110the ADC transfer characteristic is 1 LSB off of the fitted lii

%INL=1LSB
Page744
n 2 .
e _2 _ 2" _=2048ms | N, = 1 _ 1 _ conversions
fo  2x10 T 2.048ms second
Page745
- _n_ 12 _=6.004s | Nmax=i=i:167,000 conversion:
fo 2x10 T, 6us second
Page748
T n # o8 &
Vi =1 "V (t)dt = Vel | Re=Ver=Ye 2 200V %2—( =0.100ms
RC, RC Ves Ve fo 512V gIMHZ
Page749
n+l 7 . .
max _2" _ 261 —0131s | N, = Zr: __ 1 _ .o conversion:
fo 10°Hz ™ 0133 second

Page750
In general,2" resistors an@Z” ! 1) comparators

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

Page758

f = L ~150kHz |

= 3(0'6\/) =3.00V
° 2"(10K# )(1nF)

% 10k# (% 24k# ( 24k#
12 1+ *
& 10k#)& 12k#) 10k#

\/

o]

$$%
SPICEResults15.90 kHz, 3.33 V
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Page760
Forv, >0, the diode will conduct and pull the output up/go=v, =1.0 V.

V, =V, +V, =1.0+0.6=1.6V

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

The diode has a *0/ reverse bias across #&pV, >10V.

Page762
vg =+2 V : Diode D, conducts,and 0O is off. The negative input is a virtual grour

V,="Vp,="0.6V. Thecurrentin Ris Gov,=0V.
v, =" 2V : Diode O conducts,and D is off. The negative input is a virtual groun
. R . 68k#

VAE EvI = ﬂ(" V)=+6.18V | V=V, +Vy, =6.78V.
The maximum output voltagev§™ =15V " 0.6V =144 V.
A=" 68K 309 | v, =144V . 466V

22k "3.09

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

Page763
_ 20K #10 2k &v

v =2.00V
° = 20k 432K (5~ )
Page765
V. =" LVEE —o ¥ 4/ ="0990v
R+R, 1kt +9.1k#
. R _ Ik#

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

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

Page766
T=2rCIT | »= R _ 68¢ 1
1#" R+R, 6.8k$ +6.8k$ 2
%+0.5( 1
10k$ )(0.001uF ) In' *=21.97us f ===455kHz
=08 000U oy T2HOHs | f =7
28 ©R. C. Jaeger and T. N. Blalock
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Page770

%1 0.7 (
1 + %
o R 20,55, | T=(11k#)(0.002uF)In' > _*=204 ps
R+R, 22kit +18ki# +1$0.550k
& )
% +o\/ . (
'1+055§!
- 5V [
T = (1Jk#)(0.002uF)|n,—0’7*:13.0 us | T =204us+130us=334 us
Co1$
& 5 )
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CHAPTER 13

Page789
: l. _1.5mA | 1.5mA
a) At the oint: ".=-="_—"=100 = <= =1.04fA

(2) QP "1, 15uA )l ox g\/BE& ox pifo.7ow&

R ( #.028v 1
Ve _ 8MV _ . . . . .
)R, = T % =1.6 k) (d) Yes. With the given applied signahe smallest value of; is
b

ver =5V * 0.5mA(3.3k) ) =335V which exceeds,, =0.708V. (€) A, =20logl* 206 = 46.3 dB

Page790

(a) No: vpo " 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,

1.56mA= %(S.S#VTN)Z and 1.0mA= %(S.O#VTN)Z.

Solving forK, andV;, yields 500”\1/—'62‘ and 1V respectively.

(c) Ae =20l0gi#4.13=123 dB

Page791
V=K 4o -300v | R =10k" [30k" =75K"
" 10k" + 30K ' © '
Voo SV
lo =# 1y = # cg¥Vee  _1qp  SOVSONV  _, qn
Reo + (% +1R, 7.5Kk" +(101)(1.5K" )

%
Ve =128 43001 $15001  =12$430((1.45mA) $1500 £8;§(1.45mp) =357V

1'45mA(7.5k" )=2.89V
0

Vs =Veo $ 1R =3.00$
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Page792 '
Ve(t) =Ve +Ve =(5.8" 1.1sin20004) V| V(t) =V, +0 :1.45m%(1.5k* )=2.20V

'c=%=0-256mA | +i,=180° | i/t)="0.265in20004 MA | v (t)=V, +y,t)

Vy =V " 15R = 3.00"

1-45ng(7_5|<* )=2.89V | v,(t)=(289+0.005sinsin2000#) V

1 1 =0318* | X <<R,
, C 2000#(500uF )

Xc

Page795
R, =20k" |62k =151Kk" | R =82K'[100K' =7.58k"

Page799
r,= Ve | rd:ODza/:ZSOT" | rd:0025/:500"

Iy + 1 1A 50UA
[ =202V _o5e | 2002 _gagpy

2mA 3A
Hit#
$ 1

r, = 0025/ _ 167+ | k—T=§e.62x10#5! (373%)=0.0322V | r,= 00327 _ 514

1.5mA q % K} 1.5mA
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Page804

# 75
=40l . =40Q50uA) =2.00mS r.=—2=_—"—=375k$
G ¢ 0( H) | g, 2mS
V,+V, 60V +5Vv
r =_-A TCE — =1.30M$ = =2mY1.30M$ ) =2600
o= Soun | 1 =90, =2mY )
o/
# 50
=40l =40(250uA)=100mS | r. =2o=—""_=500
G = 40l = 40(25014) = " Toms S

V, +Vee _ 75V +15V
r= = =360k$ =g, =10mg360k$ ) = 3600
(o) |c 25q1A | uf ng q )

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

o= #e =%, :I_C:1.5mA:100 | g, = Ic :0.5mA:62_5 S
1+\/(:7E l;  15uA Ve 8mV
A
#O:#:M:]'OO | r. :i:ﬂ:]ﬂﬁo@ | r., = '\{BE: smv =1.60 k$
iy SuA g, 625mS iy 0.5mA100
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Page814
Ac="d.R ="9.80mg18k#)="176 | Ten percent of the input signal is being lost

by voltage division between source resistancari® the amplifier input resistance.

Assume the Qpoint remains constant.
0 1046# 128K
gl +104# [12.81¢#

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

(a) R =15 = 125 _ 158k | A ="9.80mg18k ).

(
*="162
9.80mS )

min = 9. 80mY16.2k# ="143
A g )&Lk# +104k# 0.2l )
0, (o)
Almax A/mm /99 8k# ( n 143/@.98k# £ —n
816. 2k#) 816.2k# )
: %6.2k# ( %98k (
Checking A™ = A™™ ="1590.9)="143 | A= AP™ 4= 1591.1)="175
A A“&lsk#) 109) A A’&18k#) 19
%
(C) Ve =12V " 22Kt I " 136 1. =12V " 0275mA&22k# +%13k#§_234v
_ _ ___ 100 _
9, =400275mA) =110 mS | Ry =r = TToms- 209K
" 11.0m18¢# )% 104t [0.09¢ {_, 177
_ m _
A gl +104#[9.09k# y
CE n n n 100 _
+" 10V, ="10(20)="200 | g, =40l =40(100uA)=4.00mS | R, =r,=10="""=25k#
cc — m B $ 4mS
= et Vee SWAIN _gogs |y, =g,7, = 4mg600ct) = 2400
Il 100uA
CRJRe 7o 150k |25k
A, =" 0u(Re[ro) 5L~ =" 4.00mg1004# 600k ). x="278
R +Ry[Rs gbk# +150k# 2504 |
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Page815

Ve = 16K v =417V | Reo =160K" [300K" =104K"
160K" + 300K"
Veo $V,
o =#. 1y =# co%Vee 10 AIVSONV___4545mA
Reo * (# +)R. 104" +(107)(13«" )

%
Ve =12$22000; $13000 . =12%$2200¢0.245mA) $13000&L %3(*(0.24%,6) =339V

$$%

R (% Vg ( _ KT _1.38x10%(300)

lo =l exp —BEx1+ =.025875V
© s p&vT )& Vy) |V q 1.6x10™°
0.245mA
o= =422fA
° % 07 (% 339%0.7(
exp * 1+ *
80.025875& 75 )
Page817
(8) G =1/2K, 15 (L+ "Vos) = \/2(nnA/v2)(o.25mA)[1+ 0.02(5)] =0.742ms
1
n +VDS
= =SWEV o0kt |, =gy, =0.742mg2200# ) =163
I 250uA
g, = \/2Knl o (1+ "Vps) = \/2(1mA/V2)(5mA)[1+ 0.02(10)] =3.46 mS
1
T +VDS
= =SV 1ok | g, =gy, = 346me12k#) =415
I 5mA
(b) The slope of the output characteristics is zeod, =0 andr, =$.
2.1V
0 e
For the positive change inyg,, = Yo &33# —13ms
W, 0.5V
Page818
n 2 —_ 2 2|D —_ 2 2(25mA) —_ n
Vol " 0.2(Vos #Vry ) = 0. T 0. SO =1.00V | |v,J" 0.005V
Page819
" # __ 075 —048 | "= 0.75 ~0.20
2\Vs +2%.  2/0+0.6 2/3+0.6
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Page821

i losslo L+ "Vos) _ , \5mA2mA|1+0.02(5)]

On =3.32mS
Vel #2
1
w*Vos 50y +5v
r, = = =275k$ =g,f, =3.32mY27.5k$ ) =91.2
o= A | M =, q )
% ( % (
Voo =Vpi 1# | o 3= poviaw [P = 40735V
& |DSS) & 5mA)
Vol +0.2(Vos #V5 ) = 0.2(#0.735+2) =0.253V
Page829
1.5M"

= 12V =4.87V =15M" [2.2M" =892k"
O 15M" +22M" | Re H

Neglect#in hand calculations of the-@oint.

%55 5 (
4.87=V,+12000, | 4.87=VGS+120005X10$ ;(VGS$1)2
&
Ve $5Vs $1.87=0+ Vg =1.981V | 1, =241puA

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

$$%
The small signal model appears in Fig. 13.27(c).
$$%
2(241A) 12V K, _ 2x10%

V.SV, 1| ———=L=0491V cS g =$24.4 M=—m2=5""~ _»y

es ™M 2x10% AT S5 20w | K, 5x10*
Page831

#V, 100(0.025/) -
r.=—L= =3.45k$ = R;|r. =104k$ ||3.45k$ =3.34 k$
I 0.725mA | R RBH H

Page832

680k"

cS = 680K" Hl.OM" =405K" | Veorew™ mgmn o
680K" +1M"

V,, =0.405V,,

v = 1.5M"
EQold 1 5MK" +2.2M"

V,, =0.405/,, | No change. The gate voltages are the ¢
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Page837
From Ex. 13.6 4, =230 and A, ="203. |A|<<y

& # &
o f= vy 1/0'25”‘% ="0.500V
l s 1mA

) 0.2(Vgs" V) =0.2("05+1)=0.100V | |v|) 2030.1)=2.03V

#
Ves :VP%B"

\Y

VO

SPICEResults
*=0: Q-point=(250uA, 475V) | *=0.02V'*: Q-point=(257uA, 454V)

Page840

" 6620
I =245uA | Ve =3.39V | IE:2454A26—5'&:249;1A

Py = 1cVee + 1 6Vae = 245UA(3.3%) +%(o.7v) =0.833mwW

Ve (Vy Ve ((Vee +1eR) _12( 0.7( 0.249mA13) )

Ps:Vcc(|c+|2) P R R 3000) =26.9uA
Ps =12V(245uA+26.9uA) =3.26 mW
(((
Py = IpVhs =241A(3.8Y) =0.918MmW | Py =V, (I, +1,)
_ Vo _ 1V _ _ _
,= Rl-[I:DRZ =T5W) +2.3M0 =3.24pA | Py =12V(241A+3.24uA) =2.93mW

Page842
(2) Vi min[ 1Ry, (Vee #Vee )| = min[245uA(22k$ ), (3.39#0.7)V| =269V

V,, is limited by the value of..
(b) Vi * min[15Ry ,(Vos # Vossar)| = min[241uA(22k$ ), (3.81#0982v| =283V

Limited by the value of.
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CHAPTER 14

Page860
160K"
Vo= 1NV =417V =160k" ||300k" =104 k"
EQ 160(" + 30(]<|| | REQ H
Vo, $V.
lo =# 1, =# cg¥Ver 00 AANVSON ___;0i5ma

Reo +(# + )R 104k +(109) (13" )

%01(
Ve =12$22000; $13000 =12$2200¢0.245mA) $1300c;)gﬂ);(0.245mp) =339V
g, =40l =40(0.245mA) =9.80mS | T, =Fo o 100 _jgop
g, 9.80mS

= atVee o 93NV _opgpe |y =g r =2140
o 0.245mA

$$%

_ 1.5M"
5 15M" +2.2M"
Neglect, in hand calculations of the-Qoint.

%1 5 (

4.87=\+12000, | 4.87:VGS+120005X10$ ;k(v(33$1)2
&

VL $5V, $1.87=0- Vo =1981V | |, =241uA

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

g, = 2K I :\/2(5x10“‘4)(2.41x10$4) —0491ms | =2 tVee o 538 _oap

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

o 0.241MmA
Hi =0, =110

Page861

R, =160k" |30k =104K' | R.=300K' | R =22k [100K' =180k

R, =15M" [22M" =892k' | R;=200k' | R =22k [100k' =180k
HHt#

R, =160k" |30k =104k | R =13 [100k" =115K"

R, =15M" [22M" =892k' | R =12k [10K" =107 k"
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R=2k" | R=13k" | R =22 |10k =180k"
R=2k" | R=12k' | R =22"[100k' =180K"
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Page875
Vi 1 13k%

#V,
(a) 1" ﬁ orl.$ AR | 1. =0.245mA
oR . 4R _ Rl
+o.R R Re
For AS"™ makeR, andR, large andR. small. R :1.1(22k°/o)H1.](10(k0A)) =19.8 k%

For largeg, R, A, =#

13k%
=0.9(3k%) =2.7 k% | 1. =0.245mA =0.251mA = 40(0.251mA) =10.0 mS
Re =034 o1l 12.7k% | 90 =49 A
rg=—2= 100 100k | Re =100k%+1012.7k%) = 283k%
g, 10.0mS

100mg198k) {  104kod283% *_ 46,98

A(I:Emax - # * : -
1+ 10.0ms(2.7k%))1k0/o+ 104k°4‘283<°ﬁ)’

For A7"™ makeR; andR, small ancR, large. R, = 0.9(22k%)(0.9(L00k%) =16.2 k¥

R =1.13k%) =33k% | I, =0.245m 13% _ 5239ma | 9, =40(0.239mA) =956 mS
.3k%
_'o_ 100 _ _ _
rg=—°=———=105k% | R, =105k%+1013.3k%)=344k%
0, 9.56mS
cemn ., 956mg162k0) ( 104k0q344k% ¥
ACEMN = g -=#4.70

1+9.56m{3.3k%) §1k%+ 104k%344k%6 -

(b) Assume theollector current does not change.
o= 7o S=128K% | Ry =128K%+ 126(3.0k%) = 391k%

9.80mg18k%) ( 104k%q39%k% *

* -=#5.73 The gain is essentially unchanged.
1+9.80mg 3k%6) 1k%6-+ 104k%[39 1%

CE —

( 101, *
(0) Vee =Vec #1cR. # 1 (R + R) =12V #O.275mA§22k%+ ool =234V

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

110mg18kee) (  104@d31206 *

* -=#5.75 The gain is essentially unchanged.
1+11.0m3k%) ) %+ 104k%|31 2%

CE=#

Continued on the next page
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Page875cont.
100(2kQ)

o (1k9\p04kgz) +10.2kQ + 2kQ

R. = 320kQ =517MQ | w R =314(2kQ)=6.28 MQ

Re <R | Ry=517MQR2AkQ=219kQ | R, <<uRe

"Qf?=Jﬁl%ﬁ+E§§f%?{)=“@+E%%J=U%+”%

Page877
Ry =102k +10%1K" ) =111k"

9.80mg(18K" ) $ 104k K&

J=#160 | R, =13K" #1k' =12Kk".

AR 9.80mIk" )6k’ +104k" 111" §
HHt#
RN VR VAR _ kT _1.380%(300) _
le = 15 exp BTE%%J’VL,?% |V, = Le0dd® =.025875V
ls=—3% 0.24-mA - =425fA
o 07 ¢, 339#07
'%.0258751% 100 2
HHt#
AT * #10V ., =#10(20)=#200 | g,, =40l =40(100uA) =4.00mS | Ry =r, = —m = %Os =25k
= Va TCVCE - 5%;;/?’ =600k | p, =g,f,=4mg600K" ) =2400
e . RefRe  _ N Ll o
AE =g, R R +RJR. =#4.00mg100k" [600K" ) 1500 25 2—#278
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Page884
1.5M"

V.. =
5 15M" +22M"
Neglect#in hand calculations of the-@oint.

%51 0% (

4.87=Vs+12000, | 4.87=VGS+120005X10$ ;(VGS$1)2
&

VL $5V, $1.87=0+ V,=1981V | I,=241puA

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

$$$

Avs = 20log$4.50 = $13.1dB

$$%

Rs =102K" +10%(1K" ) =11K"

9.80mg18k' ) /0 104k" [11%k"

1+9.80mIK" ) glk" +104K" [11%"
cs_ o 050amg18K" ) % goxk: (_ U
A _$1+O.503m5(1k")&lk' - a9ac )—$6.02 | R =12k $1k' =11K

(iii) Re =102k" +10413k" )=1.32M"

1V =487V | Rgy=15M" [22M" =892K"

CE _

(
+=%$160 | R, =13%" $1k' =12k"
)

e _ 9.80mg18k' ) 0 104k" [1.32M" £:$136 | AE s R _gl8¢ _¢ a0
1+9.80m13" ) glk" +104k" [L32M" y "TRA4R, 1
050am18k" ) % goxk  ( 18K"

A =$ S ) % B {_g100 ) a0, 5 R =g _g150
1+0.50amg12k" ) &1k" +89X" ) R+R, 12K

Page885

\' 23
vT:f%w!aﬂsmz?K):za%lmv | Ig= e 249A ) 4301A
$1.60210%° K

ox AL & ox Ff 0.700v &
| D.o2586v¢

18K)
=-9.80m%$18k) |="176 CEx v 22V =600 5.72< 6.00
OnR 84 ) AT |
18Kk)
=-0.503m%&L8k) ) ="9.05 CSxn == ="900 4.50< 9.00
OnR 80 ) A |
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Page889
R, =160¢" [300€' =104k | R, #1(1+,R )=

[1+ 10mg{115k" )] =1.16 M"

025
v, %o.ooa/(1+ngL)R FHR _oooa/[1+10ms(115|< )]%:osgzv
V, %0.2(Vs &Vr )(1+ 9,R )R % - 02v )[1+05mg10.7k" )]%:sz
Page894
Aﬁ:wogn: 0973 | (0491m9R =0.973# R =734K'

89K 1+(0.49ImgR.

RG”10CK' =734Kk" # R,=276k" | Note, however,that the 12 k resistor

cant simply be replaced with a 276 kresistor because of-@oint problems.
$$9%
RB:102K'+10113€)=132M" | Fﬁczlomc‘ﬁBZM"::964w

ce_q 980mSLXK') % geak  (_

=$ =+0.972
A 1+9.80m13K" )&Zk +96.4K" )

0.49Im12k" ) %

A°=$ i) % gox ( +0.853
1+0.49Img12k" )&Zk +892K" )

$$%

BJT: g,R =9.80m§115k" )=113 | FET: g,R =049Im10.7k" ) =525

Page896

BJT: v, " 0.008/(1+9,R) R F‘;RS =0. 005/[1+ 9.8mg{2l# )]$2k# +13

V% 13
NeglectingR,, v, " 0.008/(1+g,R ) =0.008/[1+9.8mg2k# )| =103mV

FET: v, " 0.24Ves* Vi )(1+ 0,R) R F:GRB =0.2(0.983[1+0.49 g2k )| % =454 mV

NeglectingR,, v, " 0.2Ves * Vi )(1+ 9,,R ) =0.2(0.9821+0.49 g2kt )| =389 mv

Z =119 mV
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1001.73k* )
Re —r&+ "oRi 219k & (( ) ) = 3.40 M*
% Rh+r2 § 173" +10.2k" )

Or more approximatelyRe =r,[1+g,R,] = 219" [1+ 9.8mgL.73k* )] =3.93M*
Ro =o[1+ 0,Ry] =223 [1+0.490L.71k* )] = 410k*

Page902
Rﬁ" 1 %
ﬁgm R
1
R+ R+ -
_ On  — g _ R
A&B—ngL—..m% 9.R = =0nR
1
rel! gR+ o R({1+9.R)*+R
R| #gm& R6+gi
Rt "
O
AP=g R P 1 _gR . R P
"*R+R [, %.RR 1+g,RER+R&
Ra+R
(((
The voltage gains are proportional to the load resistance
22k) 22k)
' =+8.48 =+104 v =+4.12 +5.02
A % 8k) A 18K) &
(((
18k)
CB: A®*g R =176 | e, R R =104 | 8.48<104<<176
AR YR TRIR 17
18K)
CG: A°*g,R =884 | Afhi: R =105 | 4.11<8.84<105
R, R|R 17K
Page909
pcs= L (w/L), oo 1 (W/L), _ 2290
1+ (wiL), 1+0.2
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"=0 | I,,=1, | Both transistors are in the active region sMge= V.
Neglecting#: 1— g*(r(Sf]S $1) =— §((V $1) + V,=2.00V
2 &l) 2 &l)
Keeping#: — 2£(5$V $1) [1+0.02(5$vo)] == §£(V $1)°(1+0.02v) +
2 &l) 2 &l)

V, =2.0064 V, 15 =421.39 uA+ Q$point: (2.01V, 421 pA)

$$%
5, =1y, | Both transistors are in the active region sMee=V,.
K, =10% == 20( =2x10% VA | K, =4x10%" — 50( =2x10% VA; | The transistors are symmetri
$4 0/
VA =Yoo 3NV sy | 1, =107, @((1 65$0.7) [1+o.02(1.65)] =932 LA
2 2 1)

Q$ point: (1.65 V, 932 uA)

Page914

Since we need high gaithe emitter should be bypassethdR"" = RBHr.. =250k# .
% 100

If we chooseR, $r., I.= $ =5 uA
% ¢ a0, 4o(500k#) H

&&&

SRR R

=125 pA
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Common' Emitter:

1
>> =8.07nF ChooseC, =82 nF =0.082 uF
G 2#(250Hz)(]k$ + 77.9k$) | % H
C,>> L =6.13nF | ChooseC, =68nF =0.068 uF
2#(250Hz)(21.9k$ +82k$ )
C,>> - 10/ =0.269uF | ChooseC, =2.7 uF
0 .
2#(250Hz)-10k$ ' 3k$ + L%
& 9.80mS)p
Common' Source
1
>> =713pF ChooseC =8200pF
G 2#(250Hz)(1k$ +89XS) PF | G P
C,>> 1 =6.15nF | ChooseC, =68 nF =0.068 uF
2#(250Hz)(21.5k$ +82k$ )
C,>> = %/0 C =0.221uF | ChooseC, =22 uF
2#(250Hz);10k$ '&2k$ + 0.49]mS)*8
Page921
Common' Collector:
C >> 1 =6.60nF | ChooseC, =68 nF =0.068 uF

2#(250Hz)(]k$ + 95.5k$)

1
g 2#(250Hz)(1205 +82ks )
Common' Drain:
Cl >> 1
2#(250Hz)(1k$ +892S )
1

C.>> 2#(250Hz)(1.74k$ +82ks ) =7.60F |

c,>

=7.75nF | ChooseC, =82nF =0.082 uF

=713pF | ChooseC =8200pF

ChooseC, =82 nF =0.082 uF

45
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Common' Base

q >> -
2#(250Hz)(1k$ +0.1k$ )

C,>> 1 =6.13nF |

2#(250Hz)(21.9k$ +82k$ )

1
%

=0579F |

C,>

=122nF |

24(250H2) 260k 300k H[10.2|<$ +10{136 15 )}?

Common' Gate:

ChooseC, =6.8 uF

ChooseC, =0.068 uF

ChooseC, =0.12 uF

ChooseC, =0.068 uF

ChooseC, =8200pF

ChooseC, =0.056 uF

1 _ _
C >> 2#(250Hz)(]k$ +1.74k$) =0.232uF | ChooseC =2.2 uF
1 _
C>> 2#(250H2)(20.9k$ +82k$) o.19nF |
1 _
C>> 2#(250H2)(15M$ [2.2M3) = 714pF |
Page925
(a) Common' Source
C,= . 1 =553nF |
%0 1 .
2#(100042):1Ok$ l-;2k$ s 49]mS)*8

(b) Common' Collector:
1

C,>> % (2000Hz) (12% +1OG<$) =795pF | ChooseC, =820pF
(c) Commort' Gate:
1 _ _
C >> 2#(100(]—|z)(2k$ " 1.74k$) =426nF | ChooseC =0.042 uF
46
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20V =V +36001, | 20= VGS+3600%20(VGS"15) # Vs =2203V | |, =494mA

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

co_ 9.R _ (4'94mA) _ _ _ cD _
== | O o4 =142mS = 3600530005 =1630% =0.959
A hgR | T 2o sy | R =36008] | A
CD — —_ n _
= 3.6k$ - 00 25-6918 | v, %0.2(2.20 1.50)[1+ 0.0142(163()] =338V
L +V, ! +5+2.21
o DS AA1LC :
=& ~-0015 =148k$ | R =36005(30005[14.8k$ =1470$ | A’ =0.954
Iy 0.005
W _ K, _2x10? _ 400

L K 5x10° 1

Page930
4.94m
A=_ORs gm=M:14.2 mS | R,=3600# | A®=0981 | R, =R, =22 M#
1+ g, R (220" 1. 5o)v
D = 3.6k# ey =691# | A=A 30002 _ 5 959
" 0. 0142 69.1# + 300G
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Reverse the direction of the arrow on the emitter of the transistor as well

as the values of ¥ and ...

75.1#
75# + 75.1#

1

R°=R| = =7518 | AP

(132m9(7.581¢ ) =501

m

40(3 A

For vz $0, we require ¥$0. V. =5" I.R. =229V %|v,
v, &5mV(g,R ) =5mV(132mS)(7580#) = 0.500 V

6.8V
20.5k#

( R=753# ( R.=814k# ( 8.06k# (a standard 1% valu

=75#|1+40(7.5" 0.7)[ =205 k# (a standard 1% value) I.' =332 LA
C

50=40(332uA)R 757 T

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

Page934
VI #0.7v _ 5(1.05)#0.7V

O™ 13k$(0.95)
VI =V # 1 IR = 5V(0.95) # 368uA(8.2k$ ) (1.05) =1.58V | 1.58%D, so active region is ok
10% toleranceR™ " VE”E]aX#_O'N = 5(1'1)#0'7\/ =41QuA

R 133 (0.9)

VI =V # 1 IR = 5V(0.90) # 410uA(8.2k$ ) (1.1) =0.802V | 0.802%0, so active region is o
Ht#

5% toleranceg™™ "

= 368uA

- n _y_ 15 - _ReE =
Vo =W 7 e — " __g.R = 5$—+75(13.2m8)(820($) =541, | R,=R;=82ks$
pce _ Vo _Vy  100k$ —541 100k$ ~500
v, vV, R,+100k$ 8.2k$ +100k$
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A 1 = 333k%
Ao 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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Kn " 2 —n —
M, : ID=7(VGS VTN) | Ves =" Ralp | lp =
Vps =15" 5mA8208 ) =109 V

1+ 9% 1+0.02(109
= 2K I, :1/2(0.01)(0.005) =100mS | r,= %DDS 00 2(&23(m A)) 12.2 k$

0'—01(" 200, + 2)2 # 1, =5.00mA

_ _ 22k$ _ _ _
Q,: vEQ_m(lsv)_s.sov | REQ—22k$H78k$ =172 k$
3.30" 0.7 151 )

lc

=152mA | V,=15"1. 52mA(4 7k$ +="16k$ +=5.41V
17.2k$ +15:I(1.6k$) 150

150 _ 247K$ | 1. = 80+5.41
60.8mS 1.52mA

(15V) =853V | Re,=120k$|91k$ =518 k$

=56.2 k$

9,=40(L52mA) =608mS | =

_ _120k$
Q3 . VEQ - 120($ +91k$

8.53" 0.7 &81 )
| =80 —1.96mA | V. =15" 1.96mA °>3.3k$ +=8.45V
°~"518ks +813.3ks) | Vee 80 h

80 _ 60+8.45

=1.02k$ r = =349 k$
784mS B 1.96mA

0, =40(1.96mA =784 mS | r =

A typical op-amp gain is at least 1@)0 which exceeds the amplification factor
of a single transistor.

Page943
R, =478 [122k' =460" | R,=353"[542k' =331K' | R,=232|344K"' =230"

$796ms(230') M - 508
gh+ 796mY230" |10k +1M" . /=

A, =#10mg460' )(#628m9)(3.31k" )&

20 |og(898) =59.1dB

A0 # Voo /(#1%)(1) #%3(#10)(15)(1):2250

GS TN -

#it#
A, =#10mg2.39%" )(#628m9)(19.8k" )(0.95)(0.99) = 28000
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R =33005 L 43990 onq
" 07965 901&
)))

Note that the answers are obtained directly from SPICE

)))
A.=) 9,R1 =) 4/2(0.02)(0.003)(3K( [17.2K( [2.3%( ) =552
A, =)552() 229)(3.31k( )(0.95)(0.99) =1150
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CHAPTER 15

Page972
=" | :@%lfsﬂ*(*:gasm | Voe =15#938uA(75K$ ) #(#0.7V) =867 V
C F'E 612?2 (75k$)5_ CE " -

HHH

% (
60, 15#V, o -
="l = T BEX and \,, =0025/ In .——C 01 | =947 UA V. =0.649V
TE 6L (75k8 )y . 05x0F A T HA Vee

Page974
Vg =V," v, =1.01" 0.990=0020V | v, =2 ;Vz - 1-01;0-99 =1.00V
_Vi+V, _ 4.995+5.005

ic 2 2

Vy =V, " v, =4.995" 5005="0.010V |
Voo = AVie ¥ AdVie | Voe = AVis + AV

=5.00V

#.20% #0.02 100&
%o (=[As Ay 0 cof) [As A=[100 020)
#Lo #0,02 1.00%
0.100 1.00
% 001~ [ A A\c]$001 cod) (A A= ]
Page978
Differential output A,,= A, ="20V,.="300 | A,=0 | CMRR=#
Single- ended outpmphm_ﬁ:ﬂo\/cczwo | CMRR=20V.. =300 | Atm:"%:"o.s
Page982
)1,, 100# R, 85" 0.7
1 15
V. =15v * 012R." 15  _530v
I 1+102§§( '
Page983
Mo . 15
loe = las” R =100uA" = - =80 UA
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Page985

I :%:NOMA | Vos =12" I5R, +Ves =12" 100UA(B200# ) + Vs =5.8V + Vi

Voo =V, + /ZLD =\, +0.2V TN_1+075(1/\7 +06" \/_) o ="Ves" ("12V)

Vi =118"V,, | Vi, =1+ 0.75(\/12.4 "V " \/0.6)$ V., =275V | Vos=875V

Q" point: (100 A, 8.75V)

Page988
R,=2r" 2Va—p SV _350ms | Re" 2 Ree =2(40)(60)(1M# ) = 4.80 G#
° "1, " 375uA ¢
= 40(37.5uA)v, . =1.5x10%, i Vem = Vem =5 00x107y
gm dm q l’l ) dm dm | cm ZREE ZM# cm
Page993
100" 150uAY 15v
I, = =743 A | leg=—-=750uA | V.3=15) 0=150V
ct= lec2 101% 2 & A | 1, 20K( HA | Vegs )
Vee =15) 743uA10K( )) ()0.7) =150V | Ve, =15) (743uA) 7.5uA)10k( )) ()0.7) =150V
_ _ 750uA 15
Vi = (74.30A) 7.50A)(10k( ) =0.668V | g, _T\P/ =1.87x10°A
0.025&
Page996
=560 (15)=8400 | Ig," SO(UA)=50 uA | A= 8400 _51¢
, 287500uA&
1oosff’§ouA
. _ _ 8400  _
o " BOIUA) =50 A | A, = oG REmA =290
1oo£0uA(
)))
R =2r, —2- 9 5ok | Ry, AV ok
40(50uA) 0.5mA
50 15V
=2r, =2—— _=50k+ , = =30k+
R 40(50uA) | Ruc 5a

)))
=560 (1.5) =840
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Page997
CMRR" g,,,R =40 (50uA)(750k#)=1500 | CMRR, =20log(1500 =635 dB

Page998
_ ng O |cchr # 0.7r. 560\/A3
Aim 0 8zgm3 03 40|C3 03 ) 800, /(r VA3
r” 3
A o 560 560 - 560V,,  _ 560/A3
" 1+ 40|C3F{7 1+ CZF% C3( 1 4q ) C3 1+ 28 IC3(
>(-03 él él ( oséi

+++

nex =560 (75) = 42000 | I, 50{1A) =50 pA

42000 42000
= =11000 = =1450

Am 28 #5oouA& | A 28 #5mA&

1oo§§ouA ( 100$50uA
+++

50 _ 75V +15V
=2r, =2—— =50k =180k-
Rn 4((5OHA) | R)ut ) 03— 05mA
R=or=2— 20 50k | R,) M -180k
40(50uA) 5mA
55
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Pagel002
Au="350 | A, ="22mq150¢ 162|203+ ) =" 1238

O.198S(2k# H18k#)

A= . 0.1983(2k# Hl8k#) =0.9971 | A,,="350("1238(0.997] = 4320
o _o 100 _ 1 MR _ 1 162K |[L50k#
R, =2r, _2m_101k# | R, %gm +&D4+1_40(4_95mp)+ op /6%

P (I, + 1, +15)(Vec * Vee ) = (100+ 500+ 5000 4A(30V ) = 168 mW

150" 5mA 0.7V
lo =50uA == =497 uA | 1., =50QuA+>—=533uA | R, =; =15.2 kit
¢ %151+ “ 151 497" 5—33*11 A
{7 150/
150 . iy
r$szmz7.04k# | A =" 20(49.7uA)(15.21# |7.04k# ) =" 4.68
_150_ _ 150 _ _ 75+143 _
lcy =1, SMA=497TmA | 1, _W_ 755# | r,= 533 =168 kit
A, =" 40(533uA)[168k# 755+ 1592k )] ="2304
B ~ _ 0.1995(2k#)
s =40(4.97MmA) =0.199S | A, = T+ 0.1095(2K) =0.998
Am =" 4.78(" 2304)(0.998) =11000
o 150  _ 1 TR 1 168k#
R, =2r _240(TWA)_151L<# | R, %gm4 + &, +1° 2045 +=o TL12ik

CMRR is set by the input stage and doeshange since the bias current is the same.

_50+143 _ . . . . _
= S50 =117k | A, ="22mg1176#[203e# ) =" 1630 | A,,="350("1630(0.998) =570C
r

2 100 ot | Rooplelel®o 1 1176

40(49.5uA) Om &at1 40(495mA) 101
CMRR and input resistance are set by the input stage artdctiange.

T 6920 R _ 1.62k#

= =—"2-099986 | T..=T | Ty, =0 = = =0.234#

A 1+T 6921 | Toc | Tse | R 1+T 1+6920

Ry %R, (1+ Toc) =101k# (692]) = R,(1+T) =699M#  (AssumingT, <<1)
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Pagel004

.. |2(500uA) 163/
b T+ =5 S =163V | R, = W_163 k"
¢ :
1 "\ _ _ 1 _

Ay :#5\/2(0.005)(100;1A) (163" ) =#8.16 | Ay, =#0lo _#Jz(o.oozg(o.oooggmi =#31

B _ _ 707mg2Kk")
Ons =1/2(0.005mA)(0.005MA) =7.07mS | A= Lo ) 0.934

= = =* = i = —1 = "
Am=#8.16(#316)(0.934)=2410 | R,=* | R,= o = 70ms 141
CMRR=g,,R =1.00mg375" ) =375 or 515dB
#it#
P+ (I, + 15+ 15)(Vop +Vss) = (5.7mA(24v) =137 mwW
Pagel005

_o [k [WIL) _Je.| WL _160
o ey | 0 s .-
Page1011
Vos1 + Vsg, =0.5mA(4.4k" ) =22V | Since the device parameters are the <
Vi =Veoy =11V | I, =0 025(1 1#1) =125
Hit#

, , 0.5mA(2.4k" )
Since the device parameters are the saig,=V,,, = — =06V
I, = (107 4) ex%bodg 5% =265 A
Pagel014
A, = z—d ="g,n°R =" (50mA/V?)(2v " v)(10)"(8# ) =" 40.0
9
, 400 _ "W _

A, = A,l— =" 400 | V,|$0.2(2" )V =0.200V | |v,[$0.2v(40)=8.00V
v,|$ & ~0.800v

10
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Pagel022

$ 150(18.4k#) '
R" 0 | R,=43%# &+ ) =325 M#
§ 188k +18.4k# )

* * %

Veo=*18v 2/ 41066V | R, =110 |270# =782kt
110k# + 270k#
*10.66* 0.7* (* 15) 195 LA
|. =150 =195pA | Vo=V * | =*10.66* 782 kit)=*108V
c 782k +15118¢# ) HA T Ve =Veo™ loReg 0 ( )
(+108+15)° (108)°
P,=————71 =0160mW | P, = =0.432mW
: 110kt > 270k
(-108% 0.7+18)" (75+115)v 150
= =133mW | r=\— " —446k#t | r,=———— _=193k#
; 18k 195uA 40(195uA)
$ 150(18k# '
R, =446 &+ q ) ) =10.9 M#
& (8.2k# +19.3k# +18k#1
15V _ . ~ . ~
R+R,, m =750k# | Using a spreadsheet with=200 pA yields V,;; =9V.
-9y 0 $9* 0.7 1.33uA(180k#
R = 750c#/ > »=450k# | R=300k# | R =—20& IALBOF), 00k
15V 1 151g, 200uA
- « g 30b 150(40.0k# '
R - 75+15" 830 q ) ) =107
20° T, 180d# +1875k# +400Kk# )
Pagel026
. _ 2002mA _ _ _
Vs " Vo #V =1+ EYTYVVE =140V | V, =V;+140=#15+02mA18.2k$ ) +1.40=#9.96 V
HH#
W _ K, _249mA/V? _ 996
L K, 25uA/VZ 1
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Pagel027

a 2 . _ 15v _
P, =(02mA"182k' =0.728mW | lons = 4590+ 2age ~ 20 LHA
Py, =(201uA) 49" =0202mW | P, =(20.1pA) 24%K" =0.101mW
V= #15V S10K =#102V | #102#V, #18000, =#15V
510K" +240K"
2.49mA

4.8#VGS#1SOOOT(VGS#1)2=O | V,e=1390V | I, =189uA

1 (2249407
0.01\ 189x10%

R, SRS [1+ 0.0](11.6)](18k" )=103M"
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CHAPTER 16

Pagel049
Ry =10k" (1+02)=12k" | 12K (1#0.0)$ R$12k" (1+0.0) | 1188k" $R$1212k"

Pagel051
2(150uA
Vs =Vin + ——jﬂﬁi——-| Vg =1+ E ql) # Vpg =208V
Ko(L+ "Vosa) 25QUA/V *[1+0.0133/5g ]
. =150 1+0.013310) _ 65 LA
° 1+0.01332.08) H
$$%
21 2(150uA)
Vs Wos $Vey |V, $($10V) %, [0 |V, 9810V +,|——— L =$8.91V
K, 25QUA/V
Pagel052
2(50uA 15
MR=21_g33 | Vog =1V + M:Z.mv | MR:8.33A
3/1 325uA1V?) 1+0.02(2.16
2(50uA 1+0.02(10
MR=2"%-0.400 | Vog =1V + M:Lsgv | MR= 833—) 0.462
5/1 5(25uA/V?) 1+0.02(1.89
Pagel054
| e = | expli;;\ﬁ?gl+\ﬁ+i%| 100uA =(0.1fA)exp(40V, ) V., =0.690
REF S #VT & VA1 FO& . BElg‘ 50\/ 10 BE1
Ve * Vo ) Ve * +V +0.690V
Pagel055
()MR_@_OS | MR=>2=250
A 2A
(b) MR= 05 0490 | MR= 250 539
5 35
1+ == 1+
75 75
1415 1418
() MR=05—060__=0606 | MR=25—_00 =295
,07,15 407,35
"0 75 60 75
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Pagel056

"10/1% "20/1%
=200pA | 1.,=10 =400 UA
OIJA% HA | OIJA% Tl H
0 0
=100u ﬂll —800uA | =100u ill —50uA
(((
I, = 200uA L 2( 0) =231pA | o, = 4OO/JA1+ 0'02(5) =423 A
02 1+ 2( ) 2! 03~ 1+ 0.02(2) - U
1 2( 2 1+0.02(8)
| =954 uA | Il . =50uA—— L =558 LA
04 = 1 2( ) HA | los 2 1+ 0.02(2) U
(((
=10uA 117 =TABUA | oy =5(7.46uA) =373 A | 1o, =10(7.46uA) = 746 LA
1+=-
50
1410 1410
I, =10uA——20 =886 A | I, =50uA——20 =443 pA
02 0.7 17 o3 0.7 17
1+ + - 1+ +
50 50 50 50
1+ ég
|, =100uA =886 LA
04 Qu. 07 17 ¢!
1+ = +=
50 50
Pagel057
MR = Lﬂ =9957 | FE= 10%96952 43x10° | Veg,=Vog + Ve =14V
1+ ———
50(51)

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



Pagel058

MOS
1+0.02110
lo, = ZOWAﬁ =231uA | e SOV +10v =260Kk"
1+ 0.02(2) 231uA
1+0.02(5
los = 4OOIJAA =423 A | e = 50V +5V =130Kk"
1+0.022) 423A
BJT
10
s 50V +10V
lo, =10uA———2Y _=101pA | R,=————=594M"
07,17 10.14A
50 100
1+ i—,g 50V +10V
lo, =50uUA——2Y =507 A === T -119M”
0s = KA TT7 HA | Rue=—557 A
1+ =+ =
50 100
Pagel059
10
l., =100uA =89.4uA | 1., =500uA 529uA
c1 Qu 0.7V 6 HA | e, Qu 0.7V 6 u
I+ — -+ 1+ ——+ —
50V 50V 50v 50V
R, =t = | $=2F 505 | R, =22V g5
O  40(89.4uA) 9.4LA 529uA
Pagel060
10v
v - 210008 _ oA BV _
Vo = Vg =0.75V + YVl =120V | I, _:Loo;uA1+T =117 A
50V
Rn " i:;:224k$ | (VO:%:]_]_? I ut:M:513k$
g /2(10#3)(10#4) 100uA 117uA
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Page1061
%
R=— Vr Ind‘ rer Aep 2 0025/ In 100IJAS =3000(

o o Au& 25UA  H25UA &
%
K=1+In 100“AS' =400 | R,= 275\/ =12.0 M(
25UA & 25UA&
Pagel062
" % " %
lo = Vo In $IREF —E2 | |, = 0.02%/ In$1OOqJA' ) |, =30054 pA
R #1, A& 1000 # 1 &
" % ! %
K=1+ |n§_lggﬁ§_1o 2202 | ng:2206$—1§!——':550k(
30054pA & 30054LA&
Pagel063

=

# &
| =1 [2lree %o 1, /L)l( e L 2(200uA) # | !E
R K'ﬂ% EF( L2 25NV P zooqu
—200mAg£8 VzoOmA o = 764 LA

_ 50V +10V # ” e

R = Tea fﬁ 2000\/2(2.5x10 )(7.64x10 )fi_ 176K)

Pagel066

$ 1
Rt Polo = 150§LSW 1V, -~ 975 M | Ru=r= SV IV _ ) som+
2 2 % S0uA 2 50uA
Pagel068
Vyso = Vs, =0.8V 25:10°) 143V | V,, =15"143=136V
= =0. + L =1, = "1.43=13.
DS2 GS2 25,10 | DS4

$ 1 '$ 1 '
&~V +136V)& ——V +143/)

R, #H,r,, = \/2(2.5x10'4)(5x10'5)[1+ 0.015136)| 82015 )&2-015 ) =379 M*
& O0m4  jg  S0ud )
% % (

PR

5004
Rt J1003TV 41T gy g JOTVHIS
2 2% 50u4 Z 50uA
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Pagel072
10v " 20v
|, =25.014uA+ —————=25.008 LA
© AT seoH K

Voo $Vas, " Vi =02V | V,, $Vg, +0.2V | V,,$0.95+02=115V

o =50uA+0.1% | %,&50nA | R, $%: 400M# | ChooseR ,=1G#.
o S gM# (g =1000 | gt 1 [ERe | 001(100() SO“A =254
50uA )\ 1, +V \
B _25x10°% 50 B 10503 25
(W/ L)z B (W/ L)4 B 5x10° B T | (W/ L)s B (W/ L)l B E%Tg_ T
Pagel073
5v" 0.7V 75V " 0.7V
“EF:'_Zééi_':loo“A | lRE::__Tiiﬁ___:158“A
. . Voo " (" Ves)
Since the transistors have the same paraméters; —a
g "4
lpp = lp; = 4x10 (Le67" 1)2 =890 LA | Ip,=1y= 4%0 (25" 1) = 450 uA
0.025/ 5"14 0.025v/ 75"14
$ In—; =101pA lo$ In—; =103 uA
°7 6.8kt 10°(39%K#) A 1 1o% g g M10 **(39Kk#) :
Page1074
T Ci AEZ — 0025‘/ —
' I, = In[10{10)[ =115 A
=R e | 1o 200q LR =115
)))
VCC +VEE * VBEl +VBE4 + 14 V
Pagel076
# &
R= CR— 1/igzaes K
5(25x10°)(10%)§" 150
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Page1077

% %
V; Ind‘ ler A, 0025875/I 22_5 2 925(
lo #lc, A& 45uA S

A=A | A,=25A,=25A | A=A | A,=558A,=558A

R_

Page1081
Vorar =V, ING—E2 e’ (27 57mV)In(20)=8259mV | R= Verar _ 8259MV _ 5 4 k(
At le 25UA
%
Voo, =V, In glo% =(27.57mV)In 2RV =0.6792V
ls, & A8

1.12+ 3(0.0275%) 0.6792
R _Veo* ) Vo 11243 ) =3169 | R,=3.169R =105 k(
R Ny 2(0.08259

Vg = Vae, + 2%vPTAT =0.6792+2(3.169)(0.08259 =1.203V

The other resistors remain the same.

Pagel084
25QuA 2(125uA
ID3=ID4:ID1=ID2:%=125;1A | Viq=0.75V + W:L?SV
12
Vi ="0.75V " ( 51)2 ="187V
200uA/V

Vosi =V, " Vg = (5" 1.87)" (" 1.75) =488V | Vgpy =Vegy =187V
M, andM, : (125 A, 4.88V) | M,andM, :(125uA, 1.87V)

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

R = = 752V +4.88V 752V +18N _ o | A=G.R =785
1250A | 125uA
Pagel085
. $1 2K $1 2K
CMRR" U 30, Rss = 2anloz Res = n2' D2

K.=K — CMRR= 2(0.005/10" =5.99x10° or 136dB
n3 n2 | D2 D3 | 00167( )
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Pagel089

For the buffered current mirroVe., =Veg, +VE311+#
FO4( F011+1)
%
Im#%lc“zmﬁzlc—“ | $V =0.025In' les £—805mv
r0s 950 25 &lc 4/
2(60) 2(60v) A7TmV

Vee, =0.7+(0.7+0.081) + =137V SV = =471mV | Vog=————=047mV

EC4 ( j) 5q51) | EC quj) | oS 100
Page1090

$ . _150
" &2 =—=50

A &os |C5% 3

* % *

For the whole amplifier A" A;AAs | A," His" 40(75)=3000 | A,"1
A" 50(3000(2) =150000 | Note that this assumes R +.

Pagel091

$ ._#1 * $ ,_#1

CMRR_i L 1 2/ =28 1 4 14 ) =5.45x10°0 135dB
# 03% ooMrs 20 Reetl 4_100%0((40)(75) 2(40)(10# )(10) /

Pagel096

n n I # 5 n I'lfS 4q60+14 )
cz —'REF o5 _ 9V _
An'" AR | Ay (S, =000 22025 | A, >

ALt 5(150()(1) =7500 assuming the input resistance of the emitter followers is much greate

"1500 | A," 1

rs andV,, =V,,. Checking r" 60‘/5;% =149k$ | Rge" #,4R =300M$

s =101, =101, % A =10A | R,=2r,=2—20 _=150ks
“agfsoud)

66 ©R. C. Jaeger and T. N. Blalock

09/25/10



Pagel098

| 222422714 g ggma | 1, =202 $109mA * 1,=200 pA
39Kkt Skt % 1, %
234V 21.3V
Y, M sov
l, = 0.75(1.09m/s)m =1.08mA | 1,=0.251.09mA W =351 uA
60v 50 60v 50
+ $ ',
R=r,1+ In- lezo Aezopy OV ISV 5 12 T3HA 0= 187 M
, leor Ao 184uA | 8.4UA z/
Pagel102

"

FO6

N 2(60\/)
Veew =V + 226 =07+ V" "/ =190V
CE6 CE5 100

Pagel105
" 60+13% " 60+1.3%
= = =20AM( [111M( =7.15M
Ri = Route|[Rus o5 = B e 37 Tepag 2OTMU LLIM( (
Pagell07

A, =" 1.46x10"4(6.54|v|#\

Rnﬂ) =" 1.46x10"4(6.54|\/|# H20.7k#) ="3.01

Pagel109
Rap s+ (Fas +1)R = O( )+5](2k$) =103ks$

0.023/ . J0.025¢
0.216mA  &.216mA

R =laia + (rd13 + Rs,)HReqz = + 344k$§p03<$ =794 k$

_50(0.025/) B
1/ / /

_ : +yl . 0.025/ , 0.025/  5.79%$ +89.1k$/

=(r,+R)lr 1= + 344k$ + =1.97k$
R ( a3 R3) s #012 +1 0 -0.216mA £0.216mA 51 5

(=502 26258 | R, = 21010, 572783
2mA 51
+++
lsc, 2 0N 259 ma | oo, 2 QN 318 mA
27% 22%
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Pagelll2

$7"R%K | K V°‘502|K‘V°11
VO: 'V.V, = V.,V. =——=—=0. = =—=
#_ RRg&'Z M7 BN AR5 R AR
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CHAPTER 17/

Pagell31
£ %\/102 +1000°$2(50) $2(0)" =159Hz | f, " %\/1002 +1000°$2(500) $2(0)° =114 Hz

Pagel132
200s(s+100 2
2005 |, | 2001100 |y o VHTRIO0 o g #IE o
(s+1000 ‘(s+10)(s+100()‘ N#2 +102 #2+100°
Pagel133
6
f, " 10" _159kHz
2#
Pagell34
f, " 1 . 21 . — =217 kHz
S EANE S S S R
33105% %xlosl ﬁ%xlof;% 235‘&2
Pagel139
The value of C, does not change A, ", "5y " 5 OF " 55
" P3 =# % 1 ( =#1000rad/s | " 73 :#m =#385rad/s
2/1F 1.3k$ HF (13K
123m5)

f -1 41.0°+959°+1000 #2(0*+0° + 385" ) =135Hz
L 2+

#Hit#
135
o 4.732
4 =102 =4.732 = , r,=575k$
A’md o 1.23mS o
Note that the SPICE value of g probably differs from 1.23 mS as well.
#HHt#
"os = =#202rad/s

\57.5k$ (

)
f = 2—+\/4102 +959°+207 #2(07 +0°+ 76.9°) = 318 Hz

10uF 1.3k$

; H
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Pagell42

140(0.025/
S CLSM _) =200k# | RsC = (:Ik# + 75k HZO.Ok#)Z/JF =336ms | R, =75k [Lk# =987#

R.sC, = (43 +100k# JOuF =143ms | R,C, 813k# |20 Ok +987¢ \LOUF =1.47 ms

141
$
f* Lo 1+ 1 1 124 Hz
2" 6%336ms 1.47ms 143msz
Pagell44
% 260(%
A= . R, %, LAY 1260(% 100 (( 3% 100 ):,,157

(
R+R. & ) 260)81 51k,
R, "% . ( .%260(% 100 (
R+R.r; ) &@260@ 5k, )
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.

A/:

( 3K, [100k, [46.8k, ):“ 140

(1.5mA
Gn =" =600mS | RG= (k, +24% )0.luF =244 ms

% 1
RisC, =(4.3k, +100k, JO.IuF =104 ms | RyCy='13k, *0uF =1.48 ms
& 6.00mS)
%
g2t 1, 1 £—129H
2$8&244ms 1.48ms 10.4ms)

L

Pagel146

40(0 1m@ 4.00mS RsC i 00" +43K 1
= . =4, =0 '+ !
o | RG H4.00m

&
8'(4'7”: =1.64 ms

RisC, =(22k" +75k" JiuF =97.0ms | f,) 191 1 % oerhe
2* & 6ams” 97.0ms

Pagell47

(Lom7) 6.00mS | 13/3;00' 136" |t & F =0.248
=—-7==0. m = +1. =V. ms
In= o5V RsG $ 6.00ms

RsC, =(4.3k" +75k" J0.luF =7.93ms | f,) 19 1, 1 & o
2% é& 248ms 7.03ms
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Pagel148

g, =40(ImA =400mS | . —%=250k#

RC, :&k# +100k# [2.5k# +101 3t 47K )]'zo.un: =752ms
$ 2.5k + (100K 1kt .

R.C, = gﬂ?k# + 3kt
%

$ 1
JI0QUF =470s | f,* g~ + 1 y=212Hz

101 % L 2 8 5oms | 47s]

R ' _ 1013k [[471c# $ 100
+ RB% 900 + 2.5k# +101(3k#H47k#)8‘/ak# +100k#

(+o +1)F\>L

$
Rorr + (R O e

Avia ®

$ 1
ReC, = (1k# +243¢# )0.uF =244 ms | R,C, = &4kt +1.3k#Hli ATuF =1.155s
% m

0
1% 1 1"
o ] +
2" §aams” 115s]

. : 0
A =i o) GR__ 3243 IlL-3¢ [24) 5_ 6 e

OR + R;%l+ g.R %44k#% /1+ 1ms(1 3k#H24k#)

fL*

=6.66 Hz

Pagell52
C
=Engc, =2
r 1+Vﬂ
%,
4
(1oops, 87): C,= 2pF =0551pF | C. = O( ) $0.551x10°"2 = 0.722pF
7.3V 2"(500MHz)
1+
0.6V
4
(2ma,57): C,= 2pF =0.700pF | C. —M$0.700x10m:24.8 pF
43y 2" (500MHz)
1+
0.6V
4
(50m4,87): C,= 2pF =0551pF | C. —M$O.551x10“2=636pF
7.3/ 2" (500MHz)
1+
0.6V
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Pagell55

1
Cos=Cop = §C|ss =0.5 pF
g 2(0.01)(0.09)
CGS+CGD:ﬁ | 5Csp+Cqp = 25(z00M ) =11.3pF | C,, =188pF | C.=9.38pF
C 40(20uA
c,=—o = 2PF  _0s51pF | gy =Ine C“:M" 0.551pF =" 0.296 pF
o Ves \/ 7.3V #e 2$(500MHzZ)
%, 0.6V
Pagel158
%
A=t RLv(* | R, =7.5k+ 152+ +250+) =143+
R+R. &+ )
,%430(%
, 1430(% 100 (( 4.3+ [[100k+) =" 139
&2430)&176k )
% % 260(%
A =" R °RL£ - A260(% 100 ((43k+H100<+)—"157

R+R. & ) 8&260&.5k+

Pagell66
The termCL R is added to the value Gf.

"o

R _ #4120 _ 1 _
ch“O 3pF0§f,—( 188 pF | fo, 2"(656) )(156“8.8)'0': 1.39 MHz

fpp= o= 0065 _ 45y,

2"(C. +C) 2"(19.9+3)pF

0.064

ZETEiiﬂQFE§*10'2=I9A-DF

q—194+1_1+0064(4120) @? 290 pF | fPl:Z”(656)1)290pF:837 kHz

(= On o 00645 _ ooy | f = On - 00648
2"C. 2"(19.4 pF) 2"C, 2"(1pF)

A« =* 135 is not affected by the value of f

=10.2 GHz
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Pagell67

#
Cr:10+29§,+1.23ms(4.12k")+4120(&:30.4 pF | fo, = 1 =5.26 MHz
996 2) (996' )30.4 pF

f,=0m = 1235 _ 96\ | o= On = 123MS g0 vy,

2)Css  2) (10pF) 2)Cer  2) (2pF)
f= O o L123MS _i5amH;

2) (Cos +Cp)  2) (12pF)
Pagell74

1+9,R. =1+0.064100 =740 | R, =250+1560+10Y100 =119 k"
10k" |[30K" [11.9k"

r,, =11.9k" |(882+250) =1030" = =0.821
- H( ) LA 1k +10k" |30k" [11.9K"
%
A =$0.821& %‘£:$293 | f, = 7 ! 7 i =6.70 MHz
. 0 .
) 24(1.0%" ) 99PF | 5pr 14+ 204, 4120
74 & 7.4 1030y
GBW = 29.3(6.70MHz) =196 MHz
Pagell76
3.96mY17.0k&
A_nid n gﬁR_ | g#: $0 — 100 — 3.96 mS | Anid n q ) - +48_2
1+ g#R. [o+r, 100 1+3.96mY100%.)
250+ ——
40(0.1mA)
f, " 1 =187 MHz | GBW=903MHz
29417.0k&)(0.5 pF)
1 1
= R,|-—=1.3k&||——=265&
R=R| D =Lael
1
=072 =0.7263m9)(4.12k&) = 8.98 f, " =9.66 MHz
Avia 9.R ) g3ms)( ) T 2944.12k&)(4 pF)
GBW=867MHz | f " _3MS 434 MHz
29411pF)
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Pagell79

3mgL23" )
R =13k |24k =123" | A, =0.998

=0.785
1+3mg1.23«" )
1 1
f, #— 5 =509 MHz
%o
2% (1" 430k ) 1pF + 10pF (
& 1+ 3.69)
Pagel182
f, = L ~637kHz | f,= 1 - 6.33MHz
2" (25M# J1pF 2" (50.25k# 0.5 pF
Pagell84
Differential Pair. A,,="g,,R. ="40(99.0uA)(50k# ) ="198
40(99.0uA
C, = M 0.5pF =0.761pF | r,= __100 53
2$(500MH?2) 40(99.0uA)
1
f, = =3.18 MHz
) 28(2504 )+o 761pf +0.5pF 1+108+ 2%
o & 250 )/
%1 (
Ooa—*
n — 8gm2) —_ 198 —_
CC" CB Cascade A, = —%1((ng{3) =+=-=+4990
1+g, ——*
&Yn2)
1
f, 1 =6.37 MHz
2$(50k# )(0.5pF)
Pagel185
100 64.0mS
=401.6mA) =640mS | r.=———=156k#t | C.=— ———— _$0.5pF =19.9 pF
g, = 40(1.6mA) | 64mS | 2" (500MHz) P P
r. 1.56 kit
== ($ = $64.0m9)(4.12k# ) = $153
P R +r +r, ($.R) 8824 + 250 +1.56 kit ( A )
fo, % 1 = 1 =11.6 MHz
2"1.(C. +2C,) 2" (656¢#)(19.9+1) pF
fo, % 1 = =7.02 MHz
2"R(C,+C) 2" (4120#)(05+5)pF
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Pagel186

0.02(100uA 0.02(25uA
N S AL00A) _ o iz | f=— L - A5 _ 296 ks
47 Coseloy 4 (1pF) 47 Coseloy 4 (1pF)
Pagel193
X¢ = 1 =7.69M# >>2.39ki#
2" (530H2z)39pF
1

= =300M# | 51.8¢#[[19.8¢ =14.3k# | 300M# >>14.3k#

2" (530Hz)LpF

$$%
X, = L =23.9# <<1.01M# | X,= L =5.08m#t <<66.7#
2" (667kHZ)0.01uF 2" (667kHZ)47uF
X, = 1 =239 mit <<2.69ki#
2" (66 7KHZ)1UF
Pagel198
I __j3.18Q
27j(SMHZ)0.01uF
Pagel199
(i) f,= ! =459MHz | 1, =N HINVHELO g q4g
2" \/(10/,1H)(100pF +20pF) 3.2mA
= —492 | BW=22MHZ_ o5 o111z

2" (4.59MH2)(10uH)

Aria = #9, r,)= #\/2(0.005)(0.0033 (Lo0ks [L00KS [19.83 ) =#80.2
Ht#

f,isunchanged| r = S +31.;/nz1'6v =18.3k$ | Q= o (4.59MHZ)(10;1H) =
Pagel203 0

Re=on g e g CGS& ca

REQ) (TLS for CGS >>CGD
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Pagel204
Ro_ LRy (5x1.0%cm) 75%

a #. _un(vGS$VTN)_(400cm?/V$s)(o.25/):1'88)(lorgH
Pagel207

R 20|o%&r?:)9.94d3

Pagel209

pm:%\%_f*:g | 20|o%§?=)3.92d8

Pagel210

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

# & .48
o= —— (0.7)0200'“\/(:1;4 | 20logs( =) 7.02B
100mV " g

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

"

45mV 1.4
= =0.45 20lod0.45 ="6.93dB Note: — =0.44¢
Feo 100mV | g( 5) | #
Pagel212

f." f_=20"0.01=19.99MHz | f.+ f_=20+0.01=10.01MHz
3f." f,=60"0.01=59.99MHz | 3f. + f, =60+0.01=60.01MHz
5f." f,=100" 0.01=99.99MHz | 5f + f_=100+0.01=100.0IMHz

A, = Ay, =3V
A
A vr, = PAyong, = 3fm =1V

Aty =0.6V
5

At =B, =
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CHAPTER 18

Pagel231
I

-
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

Pagel234
With the output shortedsurrent cannot make it around the losp, . =0

Toc =01is zero only ifr, is neglected since the votlage acngssiust be zero fag =0.

. . 1 . .
If we includer,, and start at the base of @suming, >>—— and a current mirror gain of
m3

% ngol (0_]_(

vc4$ (D)[roe]| Rez|R.roa (1+ Gntar)] = Ty g )[ro4 Reo|R]
T P‘BZHRL _ 55t [5tke ok =0.0579
ry 55k+ '

Evaluating Eq. 18.7 withoR , T,. = gmz(r01 r

ol

Rez) = 0.0455k+ [55k+ 5. 1k+ ) =172

Pagel239
R

1= [on(R ) [#gmz[RﬁauREl]uaua]ng—;i

_1 Rl _up oK 2 _
T.,=T, RIRe 2 (1+9..R) _#2'01W[1+ 0.04S(300" )| =#19.2
A =10 l€i922-950| NowR.,=r,=+ | R°,3L7k* | R>,, 1.74k*
Scaling using the previous resuilt. = #19%1/3—8?2 178 | R, = 317k*1 4%?)'8:59&(*

_ 140 _ ., AT T N
R, =1.74&* 1+19.2—86.1 | RemovingR : R;,, = 86.1#F§ =86.8
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Pagel241

R=RTTEE | R =Ry |Roo = RI2a|Re =3 [ =3¢
oC
Ts(::0 | TOC =T=61.1 | R(:3k" ?%_]:;(;_ ]'2248.3"

* % *

| 1.63/*(*5\/)
L=0.500mA | 1,,=1,=2.00mA | loy =~

—= =0.510mA
2

ID2:|D1

2(0.5mA)
Vo =35+ Vg | Vg =1+ W=1.32V | V., =3.5+1.32=4.82V

Voo, =5+1.32=6.32V | V,,=5*1.63=3.37V | Vo, =5%V, =5.00V
(O.SmA 4.82v), (O.SmA 6.32v), (0.51mA 3.37v), (2 mA 5.ov)

Pagel245
R appears in parallel with : r#=r.|R =4.6%$ [10k$ =3.19k$

& r# ) & 31%$ ) i}

T :"/gm(RcH(RF +1#) ro)( R %).0325(5k$ |(50ks +3.19 )[62.4 )(3'1 S veoG =BT
P 8.17 _
A = A’ 'm-%om " 8.17-0/44.5k$
Ry =r#(R. + Re[r,) = 3.1 (50k$ +5k$ [62.46) =3.00k$ | Toe=0 | [Toc|=[T|
R =3.0K$ 112017:328$
RO = Ro[ro[(R +r# =5ks 6248 |(50ks +3.1%$)=4.26k$ | Toc=0 | |[Too=[T|
R, =4.26% 1i+T017 = 4633
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Page1246
A,—"O/RF g R & .F a1 & 100 &

" o (% (="18.6
R+R R, R &9 +340 'Fag +109 ¢
# & & # & &
A ="% Re (% R (="ox 45.K) (% 2K) (= "3.73
$R+R,"$R, +R " S0k +340 "$336) +2K)
T= "Ar - 485() =323 | g :i? 1 2.50mS
R +A, 50k) "485() ' e R,utﬁw( 12) ﬁ+32é
#
0K o =1.51K
éﬁ (ﬁ ( $5 )+ 25ms*ﬁ 323( )
Pagel250
. T 306 _
T is the same [T| = 306. ldeal _ 1 Ideal = =0.997
I e
5 1 1
Raut=RFH%=1OKQH3.16mS=307Q | Tee=0 | [Toc|=[T|
R. =309 _1000
1+ 306
Pagel251
%
Tis the same[T|=306. | A™'=1 | A =A™ T _13% 25097

"O1+T +306&

Rn—rolwgm—j)—-e O( || =500( | [Toc|=306

2. OCmS

Note: The impedance looking in the source of a transistor with a high resistance |p&
2/g,, rather than 1/g.

3.16mS 3.16m10K(
Ty =) 22 e (2rr) OnsRe_ (400K( [200K( ) oK) =) 204
1+g, R 2 1+3.16m10K( )
1+204
=50 =334
R =500 7= o (
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Pagel254

: T # 152 &
Tis the same [T|=152. deal —n R g = A ="1g ="0.993
“ A R A=A 1+T ﬁ+&5é
D _ 1 _ 1 _ _ b=
RS, =(R+ R)HRH%“‘O“) [1.0k) H3.16rn8_304) | Tee=0 | [Too|=[T|=152
1+0
=30 =1.99
F\))ut 4) 1+152 )
Pagel255
There are approximately 15 cycles in 0sgc: f " %CI:S: 18.8MHz
Pagel256
2(0.0 OOOO
T:i In__ | 9n=42K 5 | fro=fu=—- L \/ ]) 3 =83.9MHz
2" Ceg + Cop 2" 5pf +1pF
2(0.004)(0.000 2(0.012)(0.00
L Rom L o]
2" 5pf +1pF 2"  5pf +1pF
Pagel265
Gm=gm2=\/2(10"3)(5x10"5) =0.316mS | R=rfr #-—=— L _-500k%
281, 2(0.095x10°
fo= 2y G o 1,0 316]18?—2.51MH2
2¢|C.+ 28] 20pF +
- 0
/ 2
- 0 - 0 / 2
=t/ 1t o1, 1 51y 1 2-158Hz
2&|RC:(L+ Az)2 2&/RC(1+u,,)2 2& 2(0. 001)02
/500(%(20pF)/1+ 2
/ 0.02\ 5x10* %%
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Pagel266

4
1 91 \/2(0'00])5fo$ =7.96MHz | R= L 1 =1.00k%
2#C. 2# 200 Ons \/2(0.003)5x10$4
$$3

100v

G, =0,,=405x10")=2.00mS | R =r,," —————=4.54k%
m O( ) = es 40(5.5x10*4A)
14 5x10*
f = i%l:ifg_ooms) =10.6MHz | f, = 1fg <)o 14 11)1 106 MHz
2#"C.* 2#" 30pF * 24 Cox 2#, 30 8
/ : /
=t 1 3.1 L 1= 584 Hz
2# 1,,Co (L+ 14y,) 24 .4, 54{30pA)[1+ 40(50]3J
Pagel269
sr=20%A _ 5 hoarY =5.00%
20pF S us
sr=10%A _5 oo Y =5.00
20pF S us
Pagel273

1$G/2 1 $10.0mS

G, =0,,=402.5x10*)=10.0mS | f, = =15.7MH
0= =402:5407) =100mS | " 24, +c ) 2#%508pR ‘
290" tari® $15.7MHZ . $15.7MHZ $15 7MHz . $15.7MHZ

§‘ Z §‘ 4. 73M Z §kI92 Hzl §‘ 2 06M Z
Pagel277
SR" L _IMA s sacY =15.47
Ce +Cqps 65pF S us
HH#
30"::tarf*l$ fr '4¢aﬁ§ fr '4¢aﬁ§ s f. =16.6 MHz
530, 2|\/|sz 6%2.11\/|sz %OOMHZ% T

iBSMF&
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Pagel283

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.

Pagel285
f = 1 _=5.016MHz | f, = 1 - =5.008MHz
1.8fF(7pF 1.8fF(25pF
2 31.811HM( 2 31.anH§2’ (25p )(
4 7.0318F ( 4 25.0319F (
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