Microelectronic Circuit Design
Third Edition - Part 111
Solutions to Exercises

CHAPTER 10
Page 509
v, 253V

V,=AR2B,R, =1[2(20)(16Q) =253 V 4, = V" 000 5.06x10’
10=£=M=1.58A [ =t o000V 467, Al.=£= L84 _ g 48x10°

R, 16Q Ry +R, 10kQ+20kQ I, 0.167ud
4 =L 25.37/(1.584) ~4.79x10"  Checking: 4, =(5.06x10°)(9.48x10°) = 4.80x10'°

Py 0.0051(0.167u4) ?
Page 510

(i) Aus =2010g(5060) = 74.1dB 4, =2010g(9.48x10°) =140 dB 4y, =10log(4.80x10"°) =107 dB
(i) 4,5 =2010g(4x10*) =92.0 dB 4, =2010g(2.75x10°) =169 dB 4, =10log(1.10x10") =130 dB

Page 511
(i) The constant slope region spanning a maximum input range is between 0.4 < v, < 0.65,

0.4+0.65

and the bias voltage V; should be centered in this range: V, = V=0525V.

v, =0.65-0.525=0.125V and v, <0.525-0.40=0.125 V. For v, =0.8V,the slopeis 0. A =0.
(i) vo =V, +v, Forv,=0,v,=V,=0.6, V, =14V and 4, = +40. V, = AV, =40(0.017') = 4V
vy =(14.0+4.00sin1000m) volts ¥, =14




Page 519
1

= =0.262 uS g, =0.262u8(76)(50kQ) = 0.995

817 2060+ 76(50kQ2) e 8 us(76)(50k2)
SRR R SR R ' 1 PG S S\ YE Y

50kQ  20kQ  20kQ 2(20kQ)  3.82mS(20kQ)
R, = 1 _sme A=g, =0995 R L o

&n 8
Page 520
(i)P=AvAi=A5M

L
(id) ¥, = 1[2(100w)(8Q) =40 ¥ 40=0.001 S0 N[ 82 ) L 446,800
5kQ+50kQ) 1 0.5Q + 8Q

2 2
po LR _05Q(40VY o 4= 40V \(SkQ+50kQ) ) o s

2 2 | 8Q 8Q )\ 0.001V
(i) 40 =0.001 K2 ) [ F2 ) 160,000

5kQ+5kQ )| 8Q + 8Q

2 2
ptol BRIV o0y 4 [ AOV ) SKL+SKRL) <60 g7

2 21(8Q 8Q | 0.001V
Page 521

300s
Av(s) = Zeros at s =0 and s = %; Poles at s =-5000 and s = —100.
(s +5000)(s +100)
Page 523
27 x10° -400 50005

_— = — A =-400 f, = =2.50 kH:

A1) == S000m s i Ju :
50007

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




Page 524

() 4.(j3)=50 T E): i(sz)
i(s)} -0-(-23.5")=23.5"

52-2

=41.87 20log(41.87)=32.4 dB

24,(j5)= (5" -4) - tan”

=
\/(12 -2) +4()

24,(j1)=£(1 - 4)- tanl[_z(lz)] = 180" - (~63.43°) = 243" = -117°

(519

=67.08 20log(41.87)=36.5 dB

-
Page 524
) . 20
(i) A o) = AT
s w’
\Av(j0.95)‘ - 20 =143 £4,(j0.95)=2£20- tanl{o'l(o'gi)] -0- (44.3”) = -44.3°
. (0.1 (0.95°) 1-0.95
N
(1-0.95)

4,(1)| = \/ =0 £4,(j1)=2£20- tan"[(l)'l(ll)} =0-(90°) =-90.0°

, Ll0(1) . .
=177 £4,(j1.1)=£20~tan 1[1 112]=0—(—27.6)=27.6

A0 \/12 . (0.1)(1.1%)

(1-1.2)

Page 526
1 1
Tn=2g (1421004<)(200,pF) = 804 itz
Page 527
A(s)= 1 2255()% 4,=250 f, =%=125Hz fy=® BW=x-125=x
+

N



Page 528
1 1

f,=— =158 Hz
L og (leHIOOkQ)(O.l;LF)
Page 529
(i) 4,(s)= ~400 A =400 or 52 dB
100 s
1+ 1+
s 50000
ﬁ:lzﬂ=15.9 Hz fH=5(;ﬂ=7.96 kHz BW =7960-15.9 = 7.94 kHz
JU JU

(i1) 24,(j0)=-90-0-0=-90°

£4,(j100) = -90° - tan" 1001 _ an[ 109 - _90-45-0.57=-136°
’ 100 50000

LAV( jsoooo) _290° — tan"!| 22900) _ (a1 209001 _ 90 _g9.9_45-_225°
100 50000
£4,( j®) ==-90-90-90 = -270°
Page 531
The numerator coefficient should be 6 x10°.
2x10°s
s)=30 A, =30
A”( ) s7+2x10°s +10* 7
,
1, _ L 10" 2159 MHz Q=L=50 g =LIOMIZ_ 5y gy
27 2x10° 50
Page 533
12 __2
The transfer fucntion should be 4, s) = 6.4x107 s >
(s +2007)(s + 800007)
A,(s)= 1000 = 4,=1000 or 60 dB
2007 s
1+ 1+
s 800005
f, = 2;)& 100 Hz  f, = 0.644(80200”) =258 kHz BW =25800-100 =25.7 kHz
JT JT




CHAPTER 11

Page 545
vid=ﬁ=0.lOOV=100mV vid=%=0.001 V=100 mV vid=¥=1.oox10-51/=1o.o uv

100 10 0
Page 547

360kQ 0.5V

=— =-529 v,=-529(0.5V)==2.65V ij=—"-=735ud i,=—i,=—ig=-7.35

Av 68](9 o ( ) S 68k9 Au‘A (0] 2 S Au‘A
Page 549

2V 24kQ
Iy =——— =426 L =1, =426 - o501 Y, =-5.11(21)=-102 ¥
S 47kQ ud L=l I R ¢ (27)
Page 551

36kQ ~3.80V
S1+202 4190 v, =19.0(=02V)==380V j,=——"——=-100
4 2kQ ¢ ( ) ° 36kQ+2kQ ud
Page 552
. 39kQ
(i) 4,=1+ g =400 A4 =20l0g(40.0)=32.0dB R, =100k = 100kQ
10.0V
=40.0(0.25/) =100V i, =——"—— =250
o =40.0(0.257) 0= Sorar ke M
54
(i1) 4, =10% =501 1+% 501 K500 i, =—0 0 _0.1ma
R R R+R R+R

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

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

Page 554
30k€2

Inverting Amplifier: 4, = "ok -20.0 R, =R =1.5kQ

vy ==20.0(0.151) = =3.00 ¥

Non - Inverting Amplifier : =1+ =4210 R =S5=" -
g Amplifier: 4, =1+ o

v, 3.15V

Vo =21.0(0.15V)=3.15 Vi, = = -
R +R  30kQ+1.5kQ




Page 555

v, =2V 3R ey Vv, =4V 3 e vy = (~6sin1000a - 65in 20007 ) ¥
1kQ 2kQ
The summing junction is a virtual ground: R, , = h =R=1kQ R, = v_z =R, =2 kQ
1 )
I, = Vu 2V _ 54 I, = Vo =V _ o4 ip = (~2sin10007 - 25in 20007 ) mA
R, 3kQ .3
Page 559
3V
i) [,=——————— =273
() 7 10£Q + 100kQ -
(id) 4, = 1002 _ 159 Vo==10(3V =5V)=200V I,= Vo=V _Vo V.
10kQ 100kQ  100kQ
v -y, Ry _o 100kQ [0=20.0-4.545=155“A /- 5V _
R +R, ~10kQ+100kQ 100AQ 10kQ +100kQ
(idi) 4, __36R g0 Vo =-18(8V=825V)=4.50 V I, = Vo= V. _Vo=V.
24kQ 36kQ  36kQ
V.=V, B g5 39K _Sgi6p I, = 450-7816 _ 954 ud
R +R, 2kQ + 36kC2 36kQ
Page 560
;o VamVy 50017 =499V u
2R, 24kQ

V,=V,+ IR =5.001V +1.00u4(49kQ) = 5.05 V
Vy =V, — IR, =4.999V ~1.00ud(49kQ) = 4.95 V

v, = (—%)(VA ~V,)= (-%)(s.os ~4.95)=-0.100
3

Page 564

26
(i) 4, = B ow - 2200 R =R,=10kQ R,=20R =200kQ

=

1
= =265 pF Closest values: R =10kQ =200kQ C=270pF
2n(3kHz)(200kQ) P ‘ % P

45.5 ud



Page 564
(if) R, =R =104 av—-tar o2 L (1ms) = 0.05uF
C 10k 10V

Vv
i 0 2 4 6 8 ¢ (msec)
o

-10V—T
Page 567
dv
v, = —Rcd—; = -(204R)(0.02uF )(2.50%)(20007 )( cos 200071t ) = —6.28c0s 2000 V
Page 569
. R, 68kQ
(Z) A=Ap=A.= _ET = _% =-252 R, =R,p=R,=R=27kQ
The op-amps areideal: R, =R,z =R, . =0
(id) 4, = 4,454, = (-25.2)3 --16,000 R =R, ,=27kQ R, =R .=0
Page 570
2 2
A = (—25.2)3(ﬂ) =0.99(25.2) (ﬂ) =0.99
R, +2.7kQ R, +2.7kQ
_ 2T 09950 R =136Q
R, +2.7kQ
Page 574
w2
i) 4(0)=+1 4 Afjw)= 0
() V() () S+S’\/_CU +’ V(] ) jo2w, + 0 -’

(1)

‘Av(JCUH)‘ \/— \/ > _T 20, =0, + 0 >0, =0,
a) -}, +2wf,a)i

\/R2 1
/ > C =2C, —C, = — 4.98nF
\/_ e \/5(2.261@)(20000:1) "

C,=0.005 uF C =0.01 uF




Page 574
(iii ) To decrease the cutoff frequency from SkHz to 2 kHz, we must increase the

SkHz

resistances by a factor of T 250—=>R =R = 2.50(2.26k§2) =5.65 kQ

C R
L=‘/c R2 —>R*+2RR,+ R =2RR, = R* =R’
JRR 4 |
o P Q= -+RR,

R +R, dR, (Rl + Rz)z

-- can't be done!
R(R+R,)
2/RR,

=0—>R2=Rl_>Qmax=_

Page 575

w0 _Gdo_¢
“0dG 0
50 R, dO e

=2-= R =R—>0=—[2L—->5%=0
R, QdR2 1 2 Q ) C2 R,

1 \VRR,

2,CC, R+ R,

G o
" 02C

=0.5

Page 577

NPV o’ & N S
N+ jB3-K)w? +w?| 3- =3k
e LI

(i) f, = ! =5.19 kHz
271\/10k9(20k€2)(0.0047uF)(0.00l,uF)

/10 47nF +10nF (1-2) 20kQ(1.0nF)
20kQ \/4 7nF(1.0nF) 10kQ(4.7nF )

i) se KdO o 1 d0_ -1 0 oo KdO_
(i) Sg_QdK 0-1—1 % (3-1{)2( =0 ¢ KO

1
=—— > KO0=30-1 S§2=30-1=1.12
0 3K 0=30 % =30

-1

=0.829

Page 578

R, =2kQRAkQ=1kQ [, = ! =879 Hz Q—l BKQ 453

21, 1kQ(8240)(0.0244F ) (0.020F 14Q




Page 582

(i) |Agp(jw,)| = KO = % 10 = 292"”9 — R =294 kQ

(i) f, = L _ : 198 kHz BW-——1 - ! =198 Hz
2aRC  27(40.2kQ)(2nF ) 27aR,C  2m(402kQ)(2nF)

R, 402kQ

Agp(jo,) = _?j= 0,010 ~20.1

(zv) Blindly using the equations at the top of page 580 yields
1 1

1 = Tare " 21(1.01)(29.44Q)(1.02)(2.7nF) 1946 Hz

o _ 1 _ 1 _
o = ore 22(0.99)(29.4k2){0.98)(2.7nF) 2007 1tz
mn _ 1 1 _
B = 27R,C 271(1.01)(2944Q)(1.02)(2.7nF ) 195 1tz
B - ! =207 Hz

27aR,C  271(0.99)(2944Q)(0.98)(2.71F )

o R 294KQ(1.01) o R
or __??_ 14.742(0.99) - 204 A==t

294/@(0.99)_ 106
14.7k(1.01) -

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

RARBCACB
Page 583
. 0.02uF 0.01uF
- 1= Y = : =1L 1= =Vu. 2 = =y
(i)-(a) R =R =5(226kQ)=113kQ C 0.004 uF C 0.002 uF
/= 1 = 4980 Hz
2n\/ 11.3kQ)(11.3kQ)(0.004uF )(0.002uF )
o- 11,3622 (0-004uF)(0.0024F ) o
11.3kQ  0.004uF +0.002uF
(b) R =R, =0.8852.26kQ) =2.00 kQ C, = 06055517 =0.0226 uF C, = Oéoggf =0.0113 uF

1
Jo= 2n\/ (2.004Q)(2.00kR)(0.0226F )(0.0113uF )

2.00k@2 +(0-02264F)(0.0113uF)
2.00kQ  0.0226uF +0.0113uF

=4980 Hz

0= =0.471




Page 583

(i o 0- 8242 \/0 (0.025) . OZMF)
2n\/ 1k)(8242)(0. OzyF)(O 02uF) 1kQ  0.02uF +0.02uF

The values of the resistors are unchanged. C, =C, = 0. 02‘UF =0.005 u
0. OOSMF 0 005uF
= 1 =3520Hz Q= 82KE ‘/ ) =4.53
27r\/(le)(SZkQ)(O.OOS;LF)(O.OOSMF) 1kQ  0.005uF" +0.005uF

Page 585
The diode will conduct and pull the outputup tov, =v, =1.0 V. v, =v,+v, =1.0+0.6=1.6 VV

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

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

Page 587
(i ) vg =2 V': Diode D, conducts, and D, is off. The negative input is a virtual ground.
v, =-v,,=-0.6 V. ThecurrentinRis0, sov,=07V.

vy ==2 V' : Diode D, conducts, and D, is off. The negative input is a virtual ground.
R, 68kQ2

Vo=V = 22k£2( “2V)=+6.18 Vv =v,+v,, =678 V.

15V _ -
Vg =m=—4.85 Vovi=v,+v, =678 V. Whenv, =15V, v,,=-15.6 V,soV,=15.6 V.
(ii) Vo=% 102k l=2‘00 v

20kQ\3.24kQ )

Page 589
oo By I 09901 v -— 2 oy _s0990 1

R +R, 15Q +9.1kQ 15Q +9.1kQ

v, =0.990V ~(-0.9901) =1.98

Page 591

1+0.5 1
T =2(10kR)(0.001uF) 111(1 A 5) =21.97us  f=-=455 kHz

10



Page 594

0.7
I+ —
o 22k _ 5 |
B = o+ 1810 0.550 7 =(11k2)(0.002uF)In 550 20.4 us
1+0.55(5V)
T, = (11%2)(0.002uF ) In V1130 us

-7
5




CHAPTER 12

Page 612
5
(1) Aueu = L 100 A = 4__ 1? =99.90
B 1+4p 1+10°(0.01)
v, =99.9(0.1)=9.99 Vv, = Vj _29 999 ur

10°
(ii ) Values taken from OP - 27 specification sheet (www.jaegerblalock.com or www.analog.com)

(ii7) Values taken from OP - 27 specification sheet

Page 613
- R R 1+ 4
14V =_R2i FGE= 1 1 + ﬂ =l— Aﬁ = 1
R 1+ 4P -R, 1+ A8 1+ AfB
Rl
Page 614
FGE = L _ ! =3.98x10" 0r 0.398 % FGE L 0.40 %
1+ 4B J 0 R Ap
1+10°7 —————
1kQ + 39kQ
Page 615

Values taken from OP - 77 specification sheet (www.jaegerblalock.com or www.analog.com)

Page 616

S B 502 o6 000
BR,, (0.025)(0.1Q)

Page 617
. % 10°*
R T 10°(0.025) "
(i) 4 - (39k%+1kQ)(1.05) _ 42 A (39K +142)(0.95) _ ‘6
1k2(0.95) ' 1k(1.05) '
420 ~3.80

GE=442-40.0=4.20 FGE = 0 105% GE=36.2-40.0=-3.80 FGE = T =-95%

12



Page 618
A= ﬁﬁo "0 0232)5219) =200,000 4, =20log(2x10°) =106 dB
out . °

Page 619

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

Page 620
R, = R,(1+ 4B)=1m@ |1+10° L __)I_25) yo
10kQ + 3904Q
Pt W 30gpy B AP [V (W) 100 g i|>> ||
R, 251 MQ R 1+ 4B\R) \10kQ
10*(0.025

More exactly, i, = P, =A—/3 Y2 (4 ) i =99.6 ud

R 1+ 4B\R) 1+10%0.025)\ 1042
Page 621
R, =R+R, B koMo 1OOk?:loom R™ =R =1000 Q2 1Qor0.1%

1+ A4 1+10

Page 622

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

Page 626

v, =Alv,+ Vi
CMRR

ym = Aly, + —— | =2500]0.002 - > ‘0(20 =3.750V
CMR 10
A P _Yie 12250000.002 + 5'020 =6.250V
CMRR 10
Page 627
A(1+ 2CA14RR) 104(1+ 5 104) 103(” 2 1103)
AV 1 _ X 1 =1.000 AV = X 1 =1.000
1+ 41— 14101 1- — 1+10°( 1= —
2CMRR 2x10 2x10

13



Page 628

GE = FGE (Av) <5x107 (l) =5x10"  Worst case occurs for negative CMRR : GE = 1,1
A CMRR
If both terms make equal contributions: A = CMRR = ZSIT =4x10* or 92 dB
5x
~1 -1
For other cases: CMRR =|5x10°~—-|  or A ={5x107 = —1
A CMRR

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

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

Page 630

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

Page 631
(1) V5| =50(0.002V) = =0.100 ¥ < ¥, <+0.100 ¥

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

Page 633

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

Page 634
(i) R= 39kQHIkQ =975 Q

1.5mV 10014
+ t+
10kQ(100pF) 100 pF

i) v, (t)=V +ﬁt+lﬁt 1.5mV t=15V —1t=6.00 ms
() 0() os RC C

Page 636

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

Page 637

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

14



Page 638

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

-1
Ry = R[(R,+ Rl)zzo—Z=4kQ R+R, Z(L_L) = 20kQ

Page 640

100 27(5x10°) 1074 10077 1077
) A4 =102 =10° w, =2 =L 100 f,=— 2 =50 Hz A(s)=———
() 4 (VRET: 10° 5= "on Al)= 13 To0m
3 w; 2xx10°  2mx10°
124 S)= = =
( ) AV( ) w; 2rx10°  s+10m7

S+—— s+

4, 2x10°

Page 643

% 6 27(5x10° 7
(i) 4,=10" =31600 g = s 4,(s)= ( )= 107

A 31600 s+2m(158) s+3167

2]1(5X106) B 107z
s +27(5x10%) Cs+10°7

(ii) For w,, >> w, : Ap = Yr_p= ﬁwT =l_= —jl since w, =pw,
S+ Wpg J Oy
Page 645
2 6 27(5x10° 7
(i) 4,102 =31600 f, =22 =200 _ysg 4 (s)= (5x10°) 107
A, 31600 s+27(158)  s+316m
27(5x10° 7
stﬁfT=%HSZO=15_8 kHz AV(S)= ( ) _ 10° 7 :
L4109 s+27(15.8x10°)  5+3.16x10°%

y 1
(ii) f, = Bfy =1(SMHz) =5 MHz  f,, = ff; = E(SMHZ) =2.5 MHz

15



Page 647
4,(0)=50(25)=1250  |4,(w,,) = = - 884

1+ L)z] {1 + %] =2 (w}, )2 +4.935x10°w? —3.896x10" = 0

(100005 2000027
3
w?, = 6.925x10° — w,, =26.3x10° — f,, = 26;’“0 = 4190 Hz
JU
Page 648
5
(i) 4,(0)=-100(66.7)(50) = -3.34x10°  |4,(w, ) - % = -2.36x10°
2
2 2 2
1+w—H2 P -1+ D o=
(100007) (150007) (2000077)
w’, +7.156x10°w}, +1.486x10" w;, —8.562x10°" =0
3
Using MATLAB, o, =21.7x10° — /, = > 1;"10 ~ 3450 Hz
JU

(i) 4,(0)= (—30)3 =-2.70x10*  f, =(33.3kHz) 2é -1=17.0 kHz

Page 653
5 5
VMSS—R= 5x10°V /s _398V £, - SR =5x10 V/S=7.96 Kl
®  2m(20kH:) 2aVs  27(107)
Page 657
1304Q >
Ay =l - =6.909 vy, = 0.001(6.909) =6.91 mV vy, =0.0017(6.909) =47.7 mV’

Vs =0.001(6.909) =330 mV" v, =0.00177(6.909) =2.28 ¥ v,,; =0.001/(6.909) =157 ¥
Vos > 15V =15 =15V vy =15V(6.909) =104 V' vy > 15V — vy =15V

16



CHAPTER 13

Page 671
(1) (a) At the Q- point : B, = fe _1SmA 100 yr——te ___1SmAd 044
Iy, 15u4 Vi 0.700V
exp| 25| exp
v, 0.025V
v,, 8mV . . Dy .
(c)R,=—*=——=1.6 k2 (d) With the given applied signal, the smallest value of v, is
i, Sud

v = 5) — O.SmA(S.SkQ) =3.35 V' which exceeds vy, =0.708 V.
(i1) (@) vps =10-3300i

v
gas

Note that there is some distortion in this amplifier since the negative output voltage excursion is

larger than the positive output change.

(©) Vps

(d) Choose two points on the i- v characteristics. For example,

=2.7V with v, -V, =4-1=3V, so the transistor has entered the triode region.

1.56mA = g (3.5-¥) and 1.0md = I; (3.0-7, )

Solving for K, and V;,, yields SOOL\L/—A and 1 V respectively.

2

Page 673
. 10kQ
(i) Vo = a3 2 T30V Ry - 10kQ|BOAQ = 7.5k
e Veo=Ver  _ 3.0V =07V _
le=Prls =P Rog + (B + R, 7.5k2+(101)(1.5k2) 145 md

Vep =12-43001 15001, =12 -4300(1.45m4) - 1500(%)(1.45%4) =357V

(ii) ve(t)=Ve +ve =(5.8-1.15in20007 ) V' v, (¢) =V, +0 =1.45mA(1.5kQ) =2.2 V
1.1V

i|=———=0256md £i,=180" i(t)=-0.265in20007t mA
4.3k
(id) XC=L= ! =0.318Q
@C  20007(500uF )
Page 676

R, =20kQ[62kQ=15.1kQ R, =8.2kQ[100kQ = 7.58 kQ

17



Page 680
(i) r, = v, - 0.025V _ 2507Q 7, = 0.025V
I, + 1 1/4 50u4
0.025V 0.025V

v, = =125Q r, = =8.33 mQ
2mA 34

(i) r, =222 1670 H. (8.62x10‘5 %)(373«) 2003227 = 203227

1.5mA q

=500 Q

=215Q
1.5mA

Page 685

i) g, =401, =40(50ud)=2.00mS r.=Poo P _37540
(1) &, =401 = 40(50u4)

T g, 2mS

VitV 60V 45V

=1.30 MQ =g r =2mS(1.30 MQ)=2600
4 IC SOMA Auf gm o ( )

) B, 50
(if) g, =401 =40(250ud)=10.0 mS  r, = . Toms - 5.00 kQ

g tatlee (PVADV 56040y oag - 10mS(360kR) = 3600
I 250ud -

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

Lsmd 100 g = Ne _05mA_ o 5

1
ﬁF0= ﬁIF/ =ﬁF=I_C=
1+ £ B

VA

p, = Bic _30ud_ 4, pooBo o 100460 ka

A, Sud "¢ 62.5mS

Page 692
A, =-g,R, =-9.80mS(18kQ) =-176

18



Page 695
Assume the Q- point remains constant.

(a) RP™ =19.8kQ R =162kQ RP™ =330kQ R™ =2.70kQ
Ry™ =10.2kQ+101(3.3kQ) = 344kQ  Rj}" =10.2kQ+101(2.7kQ) = 2834kQ

9.80mS(16.2kQ)
1+ 9.80mS(3.30k§2)

104/@\ 344kQ
14kQ + 104kQ|[344kQ

1min _

9.80mS(19.8k£2)

1044Q \283/@
1+9.80mS(2.70kQ)

1k€2 + 104£€2)283kQ2

max __
. =

=-6.98

(6) r, = 5 ;(2)5 S -128kQ R, =12.8kQ+ 126(3.0kQ) = 3914Q
. m

9.80mS(18kQ) 104kQH391kQ s
_1+9.80mS(3.00kQ) 16Q + 104939 1422 o

(c) Ve =12V - 22kQI . -13kQI, =12V - O.275mA(22kQ + %131@) =234V
100
g, =40(0.275mA) =11.0mS r, = =9.09kQ
11.0mS
11.0mS(184Q) 1044Q|3124Q
R, =9.09kQ+101(3.0kQ) =312kQ A4, =- = -5.75
1+11.0mS(3.00kQ) | 1kQ + 104kQ[3124Q
Page 697
(i) RE™ =10.2kQ+101(1kQ) = 111kQ R, = 13kQ - 1kQ =12 kQ
9.80mS(18kQ) 104kQ[1 11kQ .
 149.80mS(1.00kQ) | 1kQ+104kQI 1142 |
(ii ) The reference to C, should be C;. 4, =-159 as calculated in the Ex. 13.4.
-23
(i) ¥ = %K (273K +27K)=25.84mV I, = e 2B0d a1
1.602x107"° K

V| 0.700¥
exp| 25| exp|l ——— —
v, 0.02584

(iv) From Ex. 13.3, R, =313 kQ, and r, =10.24<.

19



Page 700
100(2k§2)

I+
(1kQH104kQ) +10.2kQ + 2kQ

(i) R = 32042

Re<u Ry R, =485MQ[22kQ =219 kQ

(if) limR. = limr, 14— PR = 14 P =(B,+1)r,
Rg—e R,+7r, +R; R,

RE—>oo

(1) (a) g, = \/2KnID(1 +AV) = \/2(1mA/ 72)(0.25m)[1+0.02(5)] =1.73 mS

1

—+ Vs
=2 WV a0ke p =g, - 0.742mS(220kQ) = 163
I, 250ud

g = \/21(”1D(1 + AV g ) = \/2(1mA/ V?)(smA)[1+0.02(10)] = 3.46 mS
1

—+ Vs

r=2 D0V e g = g,7, =3.46mS(12kQ) = 41.5
I, SmA ‘
(b) The slope of the output characteristics is zero, so A =0 and 7, = .
2.1V
For the positive change in v, _ A = M =1.3mS
Avg
(i) vy = 0-2(Vs = V2 ) = 0.2 1/ 2(25m =1.007 |, [s0.005V
2.0mA

Page 705
"= Y 0 o4 == 020

2 Vg +20,  270+0.6 243+ 0.6

20

l =485MQ R, =3140(2kQ) = 6.28 MQ



Page 713
() - 1.5MQ

¢ 1L5MQ+22MQ
Neglect A in hand calculations of the Q - point.

12V =487V R, = l.SMQHZ.ZMQ = 892kQ

-4
487 =V, +12000, 4.87=V, + 12000(%)(%5 -1)

W5 =5V, -1.87=0—V, =1.981V [, =241 uA
Vs =12-220001, —120001,, =3.81 V' Q- point:(241 ud, 3.81 V)
(i) 4,55 =2010g(4.50) =13.1dB

Page 714
Vs = Vs = Vi =1.981V =17 = 0.981 ¥
Page 717
2(241pd) 127 K, 2x10°

Vg =V |2 0491 A% = - 244 M="22- =4

@ 2x107 4 0.491V K, 5x10™
Page 720
Ry’ = 680kQ[1.OMQ =405 kQ V= __O80KQ 1y 4867

680kQ + 1 MQ

Page 725

The gain is proportional to R, : R, =10kQ[220kQ =9.574kQ A = —36.1(w) =-36.8

9.540k€2

Page 726
(i) u, = g7, =9.56mS(225kQ) = 2150

CE
(i) vy =, B |1 y, < smp| Q33K +14.250 [1+9.56mS(0.15kR2)| =12.4 my
R +R, N\l+g,R, 14.2kQ2

v, <12.4mV(36.1)=0.450 V

(iv) By = 100kQ[6.8kQ = 6.37 kQ R = 10kQ[225k2 = 9.57 k€2

CE

R
CE - _ R in
Av gm L R[ + RCE

=-9.56mS(9.57k£2H220k£2)( 6.37kC2 )=—83.4

0.33kQ2+ 6.37kQ2

in

21



Page 730
(i) The gain is proportional to R, .

R, =300k RS = 300kQ[28.4kQ = 25.9kQ 4 = —6.85(25 '91@) =-6.50

The corrected gain agrees more closely with thevalue from SPICE.
(id) 1, = g7, =0.515mS(258kR) =133

R> 1
(lll) Vg = Vf( R +le.iS )(1 " ngS) Vg < 0.2(VGS —Vin )

v, < O.Z(IV)(%)[I +0.515mS(2kQ) | =410 mV v, <410mV/(6.85)=2.81 V
() 45 - _( RS ] )( 2 R )= _( MO ) 0.515mS(30k2[30042) oo
R + RS \1+g, R, 10AQ+1MQ)  1+0.515mS(324Q)

The calculation is slightly larger than the SPICE value since it neglects R.

Page 734
i) Py=1.Vo+ 1,V =239uA(3.67V )+ 239u4 0.7V )=0.880 mW
65

Py =I Voo + 1,V =239ud(5V ) + 239MA(1 + 61—5)(51/) =241 mW

(i) Py = I,V =250ud(4.5V) =113 mW
Py =1,V + Vs = 250ud(10V ) + 250u4(10V) = 5.00 mW

Page 735

(a) 73y = min| 1. Re, (Ve = Ve )| = min[23904(10kQ2), (3.67-0.7)7 | = 2.39 ¥
Limited by the voltage drop across R...

(B) Vs = min] 1, Ry (Vs = Vigsr )| = min[ 250u4(30kR2), (450 - 1) ] =3.50 ¥
Limited by the value of V.

22



CHAPTER 14

Page 754
R, =160kQBO0KQ =104 kQ R, =3.00 kQ R, =100kQ[22kQ =18.0 kQ

Ry =1.5MQ22MQ=892kQ Rg=2.00kQ R, =100kQ22kQ =18.0 kQ

Page 761
(1) A =- 0.838V
0.150
(if) Ry =102kQ+101(1.0kQ) =1114kQ
9.80mS(18kQ)
~1+9.80mS(14Q)

s 0.491mS(18kRQ) ( 892kQ
 1+0.491mS(14Q) (ZkQ ¥ 892k9)

(iii) Ry =102kQ

=-5.59

CE

104kQL1 14Q ]

=-158 R, =13kQ-1kQ=12 kQ
2kQ+104kQH111kQ

=-591 R, =12kQ-1kQ =11 kQ

o 104kQ[10.2kQ
A = -9.80mS(184Q) =145
2kQ +104kQ10.2kQ
A =-0.491mS(184Q) L I Iy
2kQ + 892kQ
-23
(i) v, =| 22200V 073k 4 27K) =25 84my g -t 2P 451
1.602x107" K 0.700V

exp Ve exp
vV, 0.02584V

(v) g,R, =-9.80mS(18kQ) =-176, 4™ = -% = -9.00

18kQ
R =-0.491mS(184Q) =-8.84, A““ =———""=-9.00

(vi) The exercise should refer to Fig. 14.2. R, =10.2kQ+101(3.0kQ) = 3134kQ
R = Ry||R, =104kQ313kQ=78.1kQ  R(® =R, =892kQ  R* >r,

23



Page 761

(i) 4, = 22HB2K2 656 _ 0955 (0.491ms)E,
892kQ 1+(0.491ms)R,

Ry[[100kQ = 46.5kQ — R, = 86.9kQ
(if) Ry =10.2kQ+101(13kQ) =1.32MQ R =104kQ1.32MQ = 96.4kQ

=0.958 — R, =46.5kQ

9.80mS(13kQ
A" =- (13k2) 204K2 ) _ 6972
1+ 9.80mS(13kQ) 2kQ + 96.4kQ
0.491mS(12kQ
AS = - ( ) 89202 ) _ 0853
1+ O.491mS(12k£2) 2kQ + 892kQ

(iv) BIT: g,R, =9.80mS(11.5kQ) =113 FET: g,R, =0.491mS(10.7kQ) = 5.25

Page 767
v, <0005V (1+g,R,) R WZHR"B =0.0057[1+9.8ms(1 l.SkQ)]w =0.580 V

B iB
v, 50.2(Ves =V )1+ &,R,) RI;GRG -0.2(0.982)[1+ o.49m5(10.7m)]% —123 V7
Page 769
R® - R|L 12kQHgi —120Q > g, =825mS  8.25mS = \/Z(SOOHA/Vz)ID — 1, =68.1mA
¢ - 21, 2(68.1mA) Cresv

Vi =Vpy = ——+
Veg =V @I 8.25mS
If one neglects R, 1,, =69.4 mA and V-V, =168 V

Page 774
=119 mV

BIT: v, <0.005/(1+g, R ) ;GRS - 0.0057[1+ 9.8mS(2kQ)](—2kQ + 13k9)

Neglecting Ry, v, =0.005F(1+g,R,) = 0.005F[1+9.8mS(2kQ)] =103 m
] 2kQ+12/kQ

FET: v, <0.2(Vos = Vi (14 ., ) R1;6R6 = 0.2(0.982)[1 +0.491mS(2kQ =454 mV

Neglecting Ry, v, =0.2(Vos = Vyy )(1+ ,R,) = 0.2(0.982)[1+ 0.491mS(2kQ) | = 389 mV/

24



Page 775

1 + ﬁoRth

} 100(1.73k£2)
=219kQ

1.73kQ+10.2kQ2

RiC = ro

1+

=3.40 MQ
R, +r,

Or more approximately, R =7,[1+ g,R,, | =219k [1+9.8mS(1.73kQ)] = 3.93 MQ
Ry =r[1+g,R,] =223k [1+0.491(1.71kQ) | = 4.10 MQ

Page 778
1
g Ry
L el )
(Z) AVCB = ngL - - ngL gm = gm L
Rﬁ() g R + 1 R6(1+ng1)+ R,
R + En R+ —
1 En
+ [
gm
AVCB =g R R6 1 — ngL ( R6 )
m> L
R6+R11+ng1R6 I1+g,R,\ R+ R,
R+ R,

(ii ) The voltage gains are proportional to the load resistance

AT = +8.48 222\ _ 104 A =+4.12 22KQ) +5.02
184Q 18

R _ R 18KQ 00 648<104<<176
R, R|R ~1.73kQ

IR

(i) CB: A" <g,R, =176 A

CG: AVCG ngRL =884 14vCB Eg—l‘= RL lng
th

- =105 4.11<8.84<10.5
R |R, 171k

Page 786
(i ) Since we need high gain, the emitter should be bypassed, and R." = R, Hrﬂ =250kQ.

If we choose R, =7, I. = 4/3" = 40(51(())(())k9) =5uA
rﬂf

.. cG ~L - 1 _
(i) R = . I. = —40(2k9) 12.5 ud

25



Page 790
(i) Common - Emitter :

1

C >> =8.07nF  Choose C, =82 nF =0.082 uF
2n(250Hz)(1k€2 + 77.9kQ)
C, >> ! =0.269uF Choose C, =2.7 uF
2117(250Hz) kel 3ke+ !
9.80mS
C, >> 1

3

=6.13nF Choose C,, =68 nF =0.068
2ﬂ(250Hz)(21.9k€2 + 82k€2) . ul
Common - Source :

1

C >> =713pF Choose C, = 8200 pF
! 2n(250Hz)(1k§2 + 892k9) P ! P
C, >> ! =0.221uF Choose C, =2.2 uF
27[(250Hz) 10kQ|| 24Q + L
0.491msS
G >> !

=6.15nF  Choose C, = 68 nF =0.068 uF
211(250Hz)(21.5k€2 + 82k§2)

Page 793
Common - Collector :

! =6.60nF  Choose C =68 nF =0.068 uF
2n(250Hz)(1k€2 + 95.5kQ)

! =7.75nF  Choose C, = 82 nF =0.082 uF
2:1(250}12)(1209 + 82k£2)

Common - Drain :

C >>

G >>

1
2m(250 Hz)(1kQ + 8924Q) 713pF Choose C, =8200 pF

C >>

! =7.60nF Choose C, =82 nF =0.082 uF
211(250Hz)(1.74k§2 + 82kQ)

G >>

26



Page 796
Common - Base :
1
27(250 Hz)(15Q + 0.1kQ)

C >>

=0.579uF  Choose C, = 6.8 uF

1
271(250Hz)(160kQH3OOkQH[IO.2kQ + 101(13/@”11«9)])

1
271(250Hz)(21 9kQ + 82k§2)

Common - Gate :

C >>

=12.2nF  Choose C, =0.12 uF’

G >>

=6.13nF  Choose C, =0.068 uF’

1

2ﬂ(250Hz)(1k€2 + 1.74k£2)
1

2ﬂ(250Hz)(1.5MQH2.2 MQ)

1
2:1(250}12)(20.91@ + 82k9)

C >>

=0.232uF  Choose C, =2.2 uF

C, >>

=714pF  Choose C, = 8200 pF

G >>

=6.19nF  Choose C, =0.068 urF

Page 797

(a) Common - Source :
C = I
2n(1000Hz) kgl 2k L
0.491mS

(b) Common - Collector :

1
g 2;:(2000}12)(1209 + IOOkQ)

(c) Common - Gate :

1
i Zn(IOOOHz)(ZkQ + 1.741@)

=55.3nF Choose C, =0.056 uF

G >

=795pF  Choose C, = 820 pF

=42.6nF Choose C, =0.042 uF

27



Page 801

(1) 20V =V +36007,, 20 =V +3600 0 020(

Vis =1.5) = Vs =2.203V 1, =4.94 mA

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

o _ &R __2a04ma) _ _ o _
A7 =3 gm} - & 20-1 so)V =14.2mS R, =3600Q[3000Q =1630Q A4;” =0.959
(i) R = =69.1Q v, =02(220- 1.50)[1 + 0.0142(1630)] =338V
L + ———+5+2.21
(iit) r, = 2 -0 15 =14.8kQ R, =3600Q[3000Q14.8kQ =1470Q A4 =0.954
I, 0.005

WK, 2x107 400
(ZV) I
L K 5x10° 1

Page 802
2(4.94mA
A= Euls g, = Q =142mS R;=3600Q A° =0.981 R, =R;=22MQ
1+g,Rs (2.20-1. 50)V
RSP = 3.6kQ|— L 36k =69.1Q A" =4 3000 _ 959
g, 0.0142 69.1Q + 3000Q
Page 805

(i ) Reverse the direction of the arrow on the ermitter of the transistor as well

as the values of V,; and V..

1 =
. =
(iii) Forv =0, werequire v, =0. V. =5-1.R. =229V .. ‘Vc‘ <229V

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

L 51 40. 1512

CD e —
(i) RS, = Re 40(331uu4) 75Q + 75.1Q

out

(13.2mS)(7.58k£2) =50.1

iv) R, =75Q|1+40(7.5-0.7)|=20.5 k€2 (a standard 1% value) [.= 08V _ 332 ud
(i) R = 7521+ 40(7.5-07)]

20.5kQ2
— R, =7.53kQ — R. =8.14 k2 — 8.06 £Q (a standard 1% value)
75

75

50 = 40(332ud)R,

28



Page 806
( ) 5% tolerances 7™ = Ver~ __O'7V = 5(1'05) ~0. =368ud
R 13kQ(0.95)

Vo =t = IR = 577(0.95) - 368uA4(8.24Q)(1.05) =1.58 ¥ 1.58 = 0, so active region is ok.

max _ 5(1.1)=0.7V
10% tolerances /™ = Vi Rmi?jV = (131(22(0 9) =410uA
E .

Vot = Vien - 1T RE™ = 517(0.90) - 410u4(8.24R)(1.1) = 0.802 ¥ 0.802 > 0, so active region is ok.
(if) 4=g,R. =(13.2mS)(8200Q) =108  R{; =8.2kQ R’ =75Q

out

CB
oo Ry 1004Q 75Q (108)( 1004Q )= 40.0

YT 7504+ R TR L100kQ 75Q+ 75Q 8200 + 100k
Page 811
(id) r, =1, = L ! =333kQ

Ay 0.015(2x107)
or more exactly Vs =25-10°1, -9.1x10°7,, =25-1.09x10°(0.2mA4) =3.18 ¥/
1 1

s ————+3.18
=t — 20015 _349/Q R, =100kQ100kQ[B49kR = 43.74Q
I, 2x107

R,  2(02m4) 75Q
A7 =_(g'"RL)R +R, 02V (437 )(759+759)__ 7

(1) 1,, = 0201 (0.25) =0.3125mA Vg ~ ¥y, =0.25V Vg =025V ~2=-175V

_ 50(0.25V
Ro=as o LV _scoka—-s56k2 R —2i—g=40k€2 R, [100kQ = 404Q
I, 0.3125mA4 g, 0.3125m4
R, =66.7kQ — 68 kQ C, remains unchanged.

C, >> ! =0.853nF — Choose C, = 8200 pF

10°7| 5. 6kQH

2.5mS

1
10"n(68k9 + IOOkQ)

(iv) 4=-g,R, =-(2mS)(100kQ) =200 R, =100kQ R, =75Q

g0 Ra _, 100KQ 750 (~200) 100kQ
100AQ + 1004Q

=1.90 pF' — Choose C, =20 pF

G >>

- =-50.0
75Q+ R, R, +100kQ 75Q+75Q
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Page 813
()M,: 1, = %(VGS Vo) Vas=-Rol, 1= 0'701(—20010 +2) = I, =5.00m4

Vi =15- 5mA(82OQ) =109V

g, = 2K, 1, =2(0.01)(0.005) =10.0 ms = 1* ﬁVDs _1+0.02109)
D

0.02(5mA)

22kQ
0 V= m(wlf) =330V Ry, =22kQ78kQ=17.2kQ
o =1 3:50-0.7 =1.52mAd V., =15-1.52m4 s7k+ 2L skl 5411
17.2kQ +151(1.64Q) 150
g, =40(1.52m4) = 60.8 mS r, = 0 _su7k0 28034 5650
0.8mS 1.52mA
120kQ
0,1 V= m(ISV) =853V Ry, =120kQ91kQ = 51.84kQ
o= 853-07 ___| 96 ma Ve =15-1.96m4 813 3ka| =845 ¥
51.8kQ + 81(3.34Q) 80
g, =40(1.96mA4) =784 mS r, = 80 _102ke r, = 60+845 34910
78.4mS 1.96mA

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

of a single transistor.

Page 815

(1) Ry =478Q[12.2kQ2 = 460Q R, =3.53kQ54.2kQ =3.31kQ R, =232Q[34.4kQ =230Q

4, = -10mS(460Q)(~62.8mS)(3.314Q) 79.6mS(2302) ( LM ) =898 20 log(898)=59.1dB
1+ 79.6mS(230Q) |\ 10kR + 1MQ

(i1) 4, = (_VGSI?—DVTN)(_IOVCC)(I) = -?(-10)(15)(1) = 2250

(i) 4, =-10mS(2.39kQ)(-62.8mS )(19.8%k2)(0.95)(0.99) = 28000

Page 820

(i) R, =3300

1 N 3990
0.0796S  90.1

(ii ) Note that these are obtained from SPICE.

(iii) 4,, = -2, R,y = =/2(0.01)(0.001) (3kQ[17.2402.394Q) = 5.52

A, =-5.52(-222)(3.31kQ)(0.95)(0.99) = 1150

)=55.9 Q
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CHAPTER 15

Page 842 ] ]
60| 15-0.7

i) I =01, =—|———"|=938 V. =15-938ud(75kQ) - (-0.7V) =867 V
60| 15-7,, | I

i\l =01, =—|——2| and V,.=0025VIn|—C—| = 1.=947

(i) Le = e 1, 61|2 (75kQ) o (O.leo'”A) ¢ -

Page 844

v, =v —v,=1.01-0.990 =0.020 ¥ v_= ;Vz - 1'0120'99 ~01.00 ¥

_v+v, _4.995+5.005 500 1

Vg =V, —v, =4.995-5005=-0.010 V v,
2 2

Voa = AuVia ¥ AgVie Voo = AgVia + AV

cc’ ic

Pl [l ST oo oz

1.002 0.02 1.00
= [Adc Acc]
5.001 -0.01 5.00

] —[4, 4,]=[0.100 1.00]

Page 848
Differential output: 4,, = 4,, =-20V,.=-300 4, =0 CMRR =

Single - ended output: 4, = % _ 410V, =150 CMRR=207,, =300 A, -2 __05

300

Page 851

101\2R. ] 15

1+100(Rc)
101{2R..

1_100( R, )15—0.7

V=15V =530V

Page 853

v, 15V
Tnc = Iis =& =100ud - — =~ =80 ud
SS
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Page 855

1 =Iﬁ=100 Vs =12=1, R, + V.. =12 -100uA(62kQ2) + V_, =5.8V + I,
=7, DS plp T ¥as GS GS

Vo=V, + /?D —V,, +02V ¥, =1 +O.75(1/VSB +0.6 - w/0.6) Vg = Vs = (~127)

Vg =118-V,, V,, =1+0.75(w/12.4 v, —\/0.6) >V, =275V V, =815V
Page 858
v, . 60V
R, =2r =2-4=2 =320 MQ R, =2u,R,, =2(40)(60)(1MQ) = 4.80 GQ
I, ~375ud «
i = €Van = 40(37.504)v,, = 155107, i, = o= Y~ 5005107y
m m m m m cm 2REE 2MQ cm
Page 863
100 (1504 15V
I, =1, =10—1(T)=74.3 A dey=o= =TS0 ud Vo =15-0=07

Vep =15 = 74.3uA(10kQ) - (-0.7) =150 V. ¥, =15 - (74.3ud - 7.5u4)(10kQ) - (-0.7) =15.0 V

Vigs = (74.3u4 - 7.5u4)(10kQ) = 0.668 VI, = (0—668\/) =1.87x107% 4
exp
0.025
Page 865
(i) 47 = 560 (15) = 8400
y 8400
(id) 1o =50(1ud) =50 ud 4, = 38 [s00 =2210
100\ 50u4
L 8400
(i) 1o, = 50(1ud) =50 ud 4, = 2 (smd =290
100\ 50u4
(iv) A7 =560 (1.5) =840
()R, =2, =2— 0 _504Q R, =—2—=30Q
40(50u4) 0.5m
R, =2r, 22— 0 _sok0 R 17 3040
40(50u4) 5mA
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Page 866
CMRR = g,,,R, = 40 (50uA)(750kQ) =1500  CMRR,, =2010g(1500) = 635 dB

Page 868

T3
_ 560V, _ 560V, _ 560V, 5607,
" AOLRe 1401Rc(1) 1, 2007) (1, 128(1)
Bos Bos Ie, Bos I, Bos \ {cs
(if) Ape =560 (75) =42000 I, =50(1ud) =50 ud
A, = 42000 _ 11000 A, = 42000 _ 1450
1428 (300ud 14 28 [omA
100{ 50u4 100\ 50u4
(ii1) R, =21, =2 NV _soke R, =r, =2V 1500
40(50u4) 0.5mA
R =2r=2—2X ___s0k2 R, =22 _130Q
40(50u4) 5mA
Page 871
4, =-350 A, =-22mS(150k<162k203kQ) = ~1238
0.1985(2k184C)
"= T o T98S (2k9“18k9) =0.9971 4, =-3.50(~1238)(0.9971) = 4320
R =2 =2—N __j01kQ R, =+ 7R, = ! + 1624015040 =776 Q
" 40(49.5u4) " g B+l 40(4.95mA) 101

P=(1+1,+ I)(Vee + Vg ) = (100 + 500 + 5000) ud (307 ) = 168 mW
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Page 872

(i) 7. = SOM(@) =49.7ud I, =500ud+ % _S33 R, = ( 0.751;3
49.7 -).uA

151
150

150
™ 40(533u4)

Io, = %Sm/l -49Tmd 1 10 _Drlds

=704 kQ A, =-20(49.7u)(15.2kQ7.04kQ2) = ~4.68

=168 kQ

" 40(4.97 PR 7=
97mA) 533u4

w4

A= —40(533MA)[168kQH755 " ISI(ZkQ)] — 2304

0.1998(24Q)
g,s =40(4.97m4)=0.199S 4, = 1+0.1995(246) =0.998

A, =-4.78(-2304)(0.998) = 11000

r
150 _ysip0 R, ety lmlfe 1 1684Q

2r, =2——— = +
40(49.7u4) €u B+l 40(495md) 151
CMRR s set by the input stage and doesn't change since the bias current is the same.
_50+14.3
50uA
1 7|k 1 117kQ

A, =-3.50(~1630)(0.998) =5700 R,, =—+ = + =1.16 kQ
Zui Bu+l 40(495md) 101

R, = —1.12 kQ

(i) 4,, =-22mS(117kQ[203kQ) =-1630 1, ~117 kQ

CMRR and input resistance are set by the input stage and don't change.
A,, 6920 R,  1.62kQ

iii) A, =—™" = —"""=0.99986 R, =—02—=
( )AV 1+ 4, 6921 M1+ 4, 1+6920

R, =R,(1+4,,)=101kQ(6921) = 699 MQ

=0.234 Q
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Page 873

. 2(500u4) 1.637
(i) Viss =1+ s "LV R =m=16.3k9

A= —%\/2(0.005)(100uA)(16.3kQ) --8.16
(
Ay =8l = —\/2(0.0025)(0.0005)LW

=-316

O.SmA))

7.07mS(2kQ)
1+ 7.07mS(2kQ)

1 1
4,,=-8.16(-316)0.934)=2410 R, == R, = 2. 707mS

CMRR = g,,R, =1.00mS(375kQ) =375 or 51.5dB
(it) P=(1,+ 1, + L)V + Vs ) = (5.7mA)(24V) =137 mW

Qs = \/2(0.005mA)(0.005mA) =7.07TmS A, = ~0.934

=141 Q

Page 879
(i) Vosi # Viga = O.5mA(4 4kQ) =2.2 1V Since the device parameters are the same,

VGS1=VSG2—11V ] ——0225(11 1) —125“/1

O.5mA(2.4kQ)

(ii ) Since the device parameters are the same, V., =V, = =06V

_ _14 0.6 _
I = (107 4 exp(m) =265 ud

Page 883
Ay =" =g, "R, =~(50mA/V*)(2¥ -17)(10)"(8Q) = -40.0

g

A = Avl = =400 v |=02(2-1)7=0200 ¥ |v,[<0.27(40)=8.00 ¥

\ \<—_0800 14
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Page 890

150(18.44Q)
(i) Ry, =0 R, =432kQf1+ =325 MQ
18.8kQ + 18.44Q
(i1) Vip=-15V 20K _ 1066V Ry, - 110kQ[270kQ = 78.2 kQ
110kQ + 270kQ
~10.66 - 0.7 - (~15) (75+11.5)7 150
I. =150 =195ud =1 446 = =193 kQ
78.2kQ +151(18kQ) 195u4 40(195u4)
150(184Q)
R, =446kQ(1+ =10.9 MQ
78.2kQ +19.3kQ + 18kQ
15V

(iii ) R +R, = m =750k Using a spreadsheet with /, = 200 ud yields V,, = 9V.

9-0.7-1.33ud(180kQ
R =750k 2 |=450 k@ R =300kQ R, =12 Al ) = 40.0 kQ
15V 151 200uA
_ 150(40.04Q
SRECRSERLE] R ( ) 107 M@
2x10 180kQ +18.75kQ + 40.0kQ

Page 893

, 2(0.2mA)
(1) Vs = Vs = Vi = Tao gy A0V V=V +140=-15+ 0.2mA(18.2kQ) + 1.40 = -9.96V

(ii) E _ & _ 2.49mA/V2 _ 99.6
L K, 25ud/V? 1
Y 201 4
499KQ + 249kQ
(20.14) 499kQ =0.202 mW P, =(20.1u4) 249kQ = 0.101 m¥’
510kQ

Vi =—15V =102V -10.2-V,, —180001, =—15V
510kQ + 240kQ

(iii) PRS = (0.2mA)218.2kQ =0.728 mW [BIAS =

P,

487, ~1800024m4

(Ves —1)2 =0 V,=1390V 1,=189 ud

1 [2(249x107)
0.01Y 189x10°°

[l

R, =14, Ry [1+0.01(11.6)](18kQ) = 10.3 MQ

Page 894
R, =10kQ(1+02)=12kQ 12kQ(1-0.01)< R=<12kQ(1+0.01) 11.88 kQ < R=<12.12 kQ
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Page 896

(i) Vosi =Viw + 21¢) Visi =1 +\/ Z(ISOMA) =V =2.08 1V

K, (1+ AV g, 2500/ V>[1+0.0133V,, ]
1 1500 1+0.0133(10) 165
o 1+0.0133(2.08)
) 21 2(150u4
(it) Vog 2Vos =Viy ¥, =(-10V)=2 ?D V, =-10V + W =891V
Page 897
2(50 1+0.02(15
Mr=221_g 33 Voo, =1V + M =216V MR=8.33¢=104
3/1 3(25u4/77) 1+0.02(2.16)
2(50 1+0.02(10
MR =21 _0.400 Voo, =1V + w 189V MR= 8.33¢ =0.463
5/1 5(25u4/17) 1+0.02(1.89)
Page 899
v, 1 2 v 2
I,..=1.¢ BEL |1 4 —BEL 4 100uA = (0.1f4)exp(40V,. )| 1+ 2Ly —|—= T, . =0.690
rer = 1L Xp( v, )( v, FO) u ( Nz ) p( BEl)( Y 100) BE1
Vg 2 Vo = Ve 2=V +0.690 V
Page 900
1+ E
MrR=224_05 Mr=-9_ _0490 MR=05——060 __0606
A 5 0.7 15
1+ 1+ +
75 60 75
15
54 2.50 I+
MR=22-250 MR=--2"_=239 MR=25——"90___2095
24 . 0.7 3.5
1+— 1+ +
75 60 75
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Page 901
10/1

(1) 1o, =100,uA(—) =200 ud 1, = IOOMA(2O/ !

5/1

= 400
J-00 4

1,, =100uA 4071 _ 200 ud  1,,=100ud 251 _5 uAd
5/1 5/1
(i) 1 200MA1+0'02(10) Bt 1 400M1+O'02(5) 23 1
11 = _— L = = —_— =
o 1+0.02(2) o 1+0.02(2)
; 8OOMA1+ 0.02(12) 054wt 1 50uA1+ 0.02(3) 55.5 ud
o 1+0.02(2) o 1+0.02(2)
Page 902
(i) 1o, = 10,&4% =746 ud 1,y =5(7.46ud) =373 ud 1I,, =10(7.46ud)="74.6 u
I+ —
50
1+ E 1+ E
I,=10ud——0  _886ud I, =50ud—0 —443 u4
1+ ﬂ + ﬂ 1+ ﬂ + ﬂ
50 50 50 50
1+ ;?)
I, =100ud——2Y  -88.6
ot ud 07 17 ud
I+ —+—
50 50
(i) MR = Lﬂ =9.957 FE-= % =43x107 Vi, =Vyp +Vypy =14V
1+
50(51)
Page 903
1+0.02(10
Mos: 1, =200 02U oy g g, SOV g
1+ 0.02(2) 231uA
1+0.02(5
I, = 400 —()=423 ud R, = SOV +5V_ 13040
1+0.02(2) 423uA
1+ &
BIT: I,,=10ud—>0 —_10.1u4 R, = SOV+IOV._ 5 94 mo
50 100
I+ 10
Ly=50ud——50 __507u4 R, =21V 419 m0
1297, 17 50.7ud
50 100
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Page 904

1,07 1, lor
1. =100 SOV _89.4ud 1., =500 0V 529
“ ud L0 6 ud e, ud L0V, 6 ud
Tsor T sor " sor T sor
Rad -1 g0 p-222M 59y p VHIOV 41540
g 40(89.4u4) 89.4uA 529u4
Page 906
( ) [, lor
2(100uA4
500
Vg = Vg, =0.75V + W_l 20 V 102_100uA1+ =117 ud
501
RMEL=;_2241<Q ﬁ—M—lﬂ Rm”=M=513kQ
En 4[2(107)(107) 100u4 117ud
Page 907
() R= e Luer App | (00257, [100uA ) _ 555
I, \ I, 4,) 25u4 |\ 25u4

K=1+1n 2% 5) 400 R =4 = SV 120 Mo
25u4 25u4

(i) 1, RN ( REF AEZ) I, = 0.025 Vln(looo“A) — I, =300.54 ud

R \ 1, 4, 100Q 1,
K=1+1n| =204 1) 2002 R, =220 —"" |-550 ke
300.54ud 300.54uA
Page 909
I = l 2IREF 1- [0 (VV/L)l I = 1 2(200‘11/1) 1- 10 L
° R\ K, Lye (WIL) | 7 2kQ\25u4/ V7 200uA 10
I, =2.00md|1-|—L0 | 1 =764 ud
°c 7 00md| °
i = M(l +2000,2(2.5x10" )(7.64x10-4)) ~176 kQ
764ud
Page 912
L= b, 15050V +15V) _ o7 5 1y R, =r = SOV 30 ma
2 2\ 50u4 50ud
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Page 913

2(5x107)
Vosa = Vasa =08V 41— 5 =143V Vi, =15-143=136 V
(1 1
sois 3OV | Gos H1A
- _ -4 -5 . . _
Ry =, \/2(2.5x10 J(5x10 )[1+0.015(13.6)]L o o 379 MQ
R, =r,= 0TV 6300
50ud
Page 914
. B, _100(67V +14.3V| o o o R —r - 67V +15V _ 1oy
2 2 50uA 50uA

Page 916

10V =20V
i) 1,=25015ud+ —————=25.009
() 7o At 6660 ud
(i) Viss 2 Vasa =Viy =02V V2V, 402 ¥,,2095+02=1.15V

20V
50nA4

2
rUESO—V=1MQ—>uf=lOOO Mfgl 2K, k- @(1000) Oud _, smd
5004 A1, % 2

(iii) 1, =50ud=0.1% Al,<50n4 R, =

=400MQ Choose R, =1 GQ.

VZ

(wiL),=(wiL), - 2.5x10° _ 50 (wiL),=(wiL) = 1(@) _2

5x107 1 2\ 1 1
Page 917
5V -0.7v 7.5V -0.7V

) 1y = ——— =100 I, =——=158
(l) REF 1350 ud - gy 1350 uA
( .. . . Voo = (_VSS)

zz) Since the transistors have the same parameters, V., = —

-4 -4
I, =1, =10 (1667-1) =89.0 ud I, =1,, = 4XI20 (2.5-1)" =450 ud
Page 918
0.025V 5-14 0.025V 75-14
= In =101 I, = In =103
77 6.8kQ 107°(394Q) u 6.8kQ  107°(394Q) u
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Page 919

. v, (1., 4 0.025V
(1) 1, =?Tln(f/f?) lo=0005 In[10(10)] =115 ua

(i) Ve + Vi 2 Vigy + Vs =14V

Page 921

) 2 5

) \/ 5(25x10)(10) (1 EQ
Page 923

(i) R="rp| Lo A ) Q0288 12596 g
Iy Ie, Ay, 45.“14 5

A=A A, =254,=254 —A A, =5584,,=5584

]=8.65 kQ

Page 927

250 2(125u4
Iy,=1,,=1,=1,, =T“A=125 ud V. =0.75V + W 175V

25w _

2(1
Vigy =-0.75V - —_187V

200ud/V?
Visi =V =V = (5-1.87) = (-1.75) = 488 V' Vs = Vs =1.87 ¥
M, and M, : (125u4,4.887) M, and M, : (125u4,1.87V)

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

R or 2 T3V HASSY TSV 18TV _ 4
125u4 || 12544
A4 =G R =785
Page 928
CMRR = 11,.,g,,Rs; = % 2[K"3 (1/21(,121 )R % 2[K"3 (1/21(,121 )R
D3 D3

1
K=Ky Ipp=lp CMRR= - —

n2

2(0.005)107 =5.99x10° or 136 dB
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Page 932

. 2V
For the buffered current mirror, V., =V gy + Vipy + ——— 24—
ﬁFO4(ﬁF011 + 1)
1w Hes e Loy o.ozsln( I ) _80.5m¥
Broa 50 25 c4
2(60 2(60¥
Veea =0.7+(0.7-0.081) + (60) =137V AV, = (—)=47.1mV Vs = mV._ 047 my
50(51) 50(51) 100

Page 933

Adm = AlevZAv3 Avl = (ﬁoS %) = % = 50 AVZ = Auf5 = 40(75) = 3000 AV3 = l

C5

A, =50(3000)(1) =150000 Note that this assumes R, = .
Page 934
-1
2 1 1 ]
CMRR = - =5.45x10° =135 dB
100{100(40)(75) ~ 2(40)(10)(10")
Page 941
22+422-14 0.025V . (1.09mA
Q) T =222 1.09mA I, = In —1,=20.0
() 1 - 222 OO L0 1 200
23.4V 2137
I+ ——— 1+ 2270
1,=0.751.09mA)——8— _1.08 m4 1, =0.25(1.09ma)——8— _351 g
0.7V 2 0.7V 2
+—t— +—
60V 50 60V 50
(id) R, = rw[l + In Jeao AEZO] _O 135V, ln(%l)l =18.7 MQ
o Ao, 18.4ud 18.4ud

Page 945

(ii) Veps = Vers + 2

2(60V)
—07+ 2190V
100

FO6

Page 948

R, =2r[1.3r, =2 013 ) 5f00+1.3 = 20.1MQ[I1.1MQ = 7.15 MQ
7.25u4 )| "\ 7.16u4

Page 950

A, =-1.46x107(6.54 MQ|R,,) = -1.46x10(6.54 MQ[20.74Q) = -3.01
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Page 952

50(0.025
(l) Reqz =T + (ﬁolﬁ + l)RL = ( )

— L+ 51(2kQ) =103 kQ

2mA
0.025V [ 0.025V
Ry =1y + (s + R )|R,yo = et [0216% + 344k§2}”103k£2 =79.4 kQ
50(0.0257)
R,y = —————+51(79.4kQ) = 4.06 MQ
0.216mA
-1
R, = (1 + B ) g+ 22 tyn | 0025V ool 0025V 5.79kQ+89.UQ) | oo
! B, +1 ) \0216m4 0.216mA 51
Foe = 50295 _ 6250 R, = 625+1970 L 5y _759 @
2mA 51
y 0.7V 0.7V
(id) Isc, = Srg =259 mA I =-"o = ==31.8 mA
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CHAPTER 16

Page 988

1 1
[ = E\/lm +1000°~2(50) -2(0) =159 Hz f, = Z\/looz +1000° ~2(500) -2(0) =114 Hz

Page 989
200s | 200s(s+100) | o 1100 410
(S+1000) =0.9 ‘(S+10)(S+IOOO)‘ 1209m 08lsm w =205 rad/s
Page 996

(z) The value of C, does not change A _.,, w;,, Wp;, @,,, OF W,;.

! =-1000 rad/s w,, = S
2uF (1.3kQ)

Wp,y = - =-385 rad/s

2uF

1.3kQ
Hl.23mS)

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

4.732

3mS
Note that the SPICE value of g probably differs from 1.23mS as well.

1
1
1.23mS

=

(ii) A4, = 10% =4.732 4.3kQ[100kQ — 7, =57.5kQ

(zzz) Wp, =—

=-202 rad/s

10uF

1.3kQH H57.5k€2)

f, = 2L\/41.02 +95.9° +202° -2(02 +0°+ 76.92) -31.8 Hz
JU

Page 999
140(0.0257')
(it) r, = 75" 200 kQ RC, = (1kQ+75kQ[20.0kQ)2uF =33.6 ms R, = 75kQ1ke2 =987 @
R, C, = 13kQH2O'Ok?4“; O8TE\ OuF =1.47 ms Ry C, = (43kQ +100kQ)0.1uF =14.3 ms
J‘LEL P S S T VS
2n\33.6ms 147ms 14.3ms
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Page 1001

N Ry (B, ) (1260 100 .
(1) 4.= R+R (rn RL)‘ (2260)(1.51k9)(4'3kQH100k9) 157

m

4 =L (&RLJE_(@)( 100 )(4.3k9”100k9”46.8k9)=-14o
R+R\r, 2260 \1.514Q

r, 1s responsible for most of the discrepancy. r, and 8, will also be differ from our hand calculations.

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

(i) g =M=6ooms RisC, = (1kQ + 243kQ)0.1uF =24.4 ms
" 0.5V ' B ' '

R, C, =|1.3kQ L liouF =1.48 ms RyC, = (4.3kQ +100kQ)0.1uF =10.4 ms
6.00msS
fLEL SN S S S
2n\24.4ms 1.48ms 10.4ms
Page 1003
(i) g, =40(0.1mA4)=4.00 mS R C, =|100Q+43kQ L 4 7uF = 1.64 ms
4.00mS
RyC, = (22kQ+ T5kQ)IuF =97.0 ms £, = LN A e
2n\1.64ms 97.0ms
Page 1004
2(1.5m4) 1
g, =————1=600mS RC =[100Q+1.3kQ 1uF = 0.248 ms
0.5V 6.00mS
1 1 1
R, C, = (4.3kQ + 75kQ)0.1uF =7.93 ms  f, = — + = 662 H.
2sCe = Jo-1uF S 2ﬂ(0.248ms 7.93ms) :
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Page 1005

. 100
(i) g, =40(1md4)=40.0 mS r, = oag =250 ke

RC, = (le +1004Q|[2.5kQ + 101(3kQH47kQ)])0.1MF =7.52 ms

C, =|47kQ + 3kQ 2K (1001@”1/@) 100uF =4.70 L1 L1212
R =47kQ + =470 s =— +—1=21.2 H:
252 101 o = 2\ 7 50ms T 47 :
o (B, +1)R, R\ 101(3k474Q) ( 1004Q )_ L0078
YRy 4+ (B ARAR + R, ) 990Q+2.5kQ+101(34QJ474Q) | 1kQ + 100k2)
(i) RC =(1kQ+243kQ)0.1uF =24.4 ms
1 1( 1 1
R, C, =| 24kQ+13kQ|—— WTuF =1.155  f, =— + = 6.66 Hz
1mS 2n\24.4ms 1.15s

Am-d=+( Rs ) g, _+(243k9)1mS(1.3kQH24kQ)

= =+0.550
R +R.,)1+g R 244kQ) 1+ (1,31{9”241‘79)
Page 1009
C
Cﬂ: = g_m_ C,u Cu = =
@r 1+ VCJ
(pjc
40(10™
(100u4.87): C, = 2PE _gss1pF C, - #-o.ssmo-12 =0.722 pF
1L 13 27(500 MHz)
+
0.6V
40(2x107
(2ma4,57): C, = 2PE 700 pF C, = M—O]OOxlO'” =248 pF
EEY 27(500 MHz)
+
0.6V
40(5x107
(50mA4.8V): C, = _ 2k 0.551pF C, = M- 0.551x10" = 636 pF
1L 13 27(500 MHz)
+ -
0.6V
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Page 1012
(i) Cos =Cop==Css =0.5 pF

—_

2
2(0.01)(0.01
(if) Cos+Cop = i—m 5C,, +Cyp = 2Jr((200)]£4Hz)) =113pF C,, =188pF C, =9.38pF
T
(ii1) €, = Cw __2PF  _ossipp Cc =5n_C - M—O.SSI]JF =-0.296 pF
Ve \/1+ 737 o, " 27(500 MHz)
9. 0.6V
Page 1015
4= IE"R ( [j: RL) R, =7.5kQ(1.51kQ + 250Q) = 143k
v in rx rn

E_(@)( 100 )(4.3k£2”100k9)=—139
2430 | 1.764Q

A =B |Pop |, 1260} 100 (4.3k100kQ) = -157
R+R\7, 2260 \1.51kQ
Page 1023

(ii ) The term C, R is added to the value of C,.
v

JT0

C,—Lt=3pF 4120 =18.8 pF f, = 1 =1.39 MHz
r 656 271(656Q)(156 +18.8) pF

Foe & _ 0.064S 4y vimr

27(C, +C,)  2a(19.9+3)pF
(iii) C, = _ 0064 52 194 pF

27(500 MHz)
Cp =19.4+1/1+0.064(4120) + 4201590 pF [ = ! =837 kHz
656 27(6562)290 pF

fro=Bn 00645 o5y g 8n 00085 65 Ga

27C,  27(19.4 pF) 27C,  2x(1pF)

A,., =—135 is not affected by the value of f.
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Page 1024
4120 1

C, =10+2 |1+1.23mS(4.12kQ) + =304 pF f, = = 5.26 MHz
7 ( )* 5% PE In 27(996)30.4 pF
fr =8 1DMS o Cni po 8a  123MS g6 0
22C5  2m(10pF) 27C,,  27(2pF)
fro— & LBMS o,
27(Cos +Cp)  2m(12pF)
Page 1031
(ii) 1+g,R, =1+0.064(100)=7.40 R, =250+1560+101(100)=11.9 kQ
ro=11.9kQ ‘(882 +250)=1030 Q
10kQ|B0KL11.9kQ 264
A = =0.821 A, =-0.821="|=-293
1KQ + 10kQ[30kQ11.94k2 7.4
fiy = 1 ! TR =6.70 MHz GBW =196 MHz
270(1.034Q) 99PE | spp|14 204, 4120
7.4 1030
Page 1033
' , 3.96mS(17.0kQ
W 2L N P P R R Ul
1+g R, v+, , 100 1+3.96mS(100Q)
40(0.1m4)
foy = ! =18.7 MHz GBW =903 MHz
27(17.0kQ)(0.5 pF )
(if) Rs = R, P MESPY ¥ A = 205 _0.726
., 3msS 100 + 265

1

A,y =0.726(g,R, ) = 0.726(3mS)(4.12kQ) =8.98 1, = - (4 3 kQ)( e F)

=9.66 MHz

3mS

=43.4 MHz GBW =86.7 MHz
27(11pF)

Jr=

48
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Page 1035
100

g, =40(1.5m4) =60 mS r, = o =0T KR R, = 3KQ[4THQ = 2.82kQ
m
100k€{[150 +1670 +101(2820)] 60mS(2.824Q)
A = =0.987 A4, =0.987 =0.980
1kQ + IOOkQH[ISO +1670+101(2820)] 1+ 60mS(2.824Q)
60msS 1 1
C =— 0 _05pF=18.6pF f,=— =230 MHz
27(500 MHz) oo (990+ 150)”2861@)(0.5 PF + 118;611; g )
Page 1036
R, =13kQR4kQ=1.23kQ 4, = % =0.998
3mS(1.234Q) 1 1
A =0.998 ey "0 Su=o oy =509 MHz
1+ 3mS(1.2342) & (1k£2”430k£2)(1 PF+ f 69)
+ 3.
Page 1039
1 1
J2 = 22(25MQ)IpF 63Tk 1p = 212(50.25k2)0.5pF 033 Mz
Page 1041
Differential Pair: 4,, = -g,R. =-40(99.0u4)(50kR) = -198
g =M—O.5pF =0.761 pF r, = _ 10055340
27(500 MHz) 40(99.0u4)
Ju= 1 =3.18 MHz
271(250Q)(0.761pf +0.5 pF(l +198 + ; ggg)
1
o)
4o \&m) _L 198 - ! _
CC-CB Cascade: 4, = 1 )(ngc) +—- =499 fy = = [50k)05pF) 6.37 MHz
l+g,,|—
m2

49



Page 1042
g, = 40(1.6mA) =640 mS 1, =2 __1564Q C, =M __
64mS 27(500 MHz)

. 1.56 kQ

= x —o R )=

i R,+rx+rﬂ( &R )= G520 2500+ 156 KO
1 1

2mr,(C, +2C,) 27 (656)(19.9+1)pF

1 1
T 27R,(C,+C,) 27(4120Q)(0.5+5)pF

~0.5pF =19.9 pF

(—64.0mS)(4.12kQ) - -153

fPl

[

=11.6 MHz

Sr2 =7.02 MHz

Page 1043

‘) 1 _0.02(100;@4)=159 W fow 1 =0.02(25uA)

= T Ry (lpF) 47 Coppl,, dm (lpF)

=39.8 kHz

Page 1050
. i
(1) Xe = 272(530 Hz)39 pF
i

X, = = 300 MQ >> 51.8kQ[[19.8kQ = 14.3 kQ
27(530 Hz )1 pF

=7.69 MQ >>2.39 [kQ

(i1) X, = ! =23.9 Q<<1.01 MQ
27(667kHz)0.01uF

X, = ! =5.07 mQ << 66.7 Q
271(667kHz)4TuF
1

"~ 2(667kHz)

=239 mQ << 2.69 kQ

3

Page 1052
1

=0, J(5 MHZ)0.01uF

--j3.18Q
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Page 1053
. 1 50V +15V -1.6V
(¥ r,=

- —459 MHz 1, =19.8kQ
Zn\/(IOMH)(IOO pF +20pF) 3.2mA
__ 10000, oy 4SOMEE
27(4.59 MHz)(10uH )

4, =-g,(100kf100kC]r, ) - —\/2(0.005)(0.0032)(100kQH100kQH19.8kQ) = -80.2
(ii ) £, 1s unchanged
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CHAPTER 17

Page 1078

A 10k 10*

(i) 4 T1+ AP P =Torasomg - 000 4 =1+10“(0.0990) =101

R, 10°
1+ 4B 1+10%(0.0990)

1kQ +25kQ +9.01kQ 4870

(ii) 4=4730 =4870 A, =
25kQ +9.01kQ 1+ 4870(0.0990)
R, 662Q

1+ A8 1+ 4870(0.0990)

=1.01 Q

R, = R,(1+ 4B)=25k1+10*(0.0990)| = 24.8 MQ R, =

R,=R,(1+ 4B)= 34.0k£2[1 + 4870(0.0990)] -164MQ R, = =137 Q

(iii ) hi =0 (No reverse gain through the amplifier.)

25000(10* -
hi=2 e ) )=—2.5x105 ph=bl oo 1R 6990
i 1000 i, 10kQ+91kQ
Page 1086
(1) yi=2 =+g,=+390mS yh=2 = LIRSTER
vl v,=0 1 v,=0 F
y;3 =0 (No reverse gain through the amplifier.)
(it) 4=- 4.76k<2 (150)(10k€2H100k€2”5k€2”52.6k§2) = 252 kQ
4.76kQ + 3.84kQ
/5=-L=-10-5S=-0.01ms A, = ~252kC2 =-71.6 kQ
R, 1-252kQ(-0.01mS)
4 10kQ[1004Q||5kQ|52.6kQ
Rm — Rin = 213kQ - 605 Q Rout = Ro = H H H = 863 Q
1+ A 1+2.52 1+ Ap 1+2.52
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Page 1096

Ib

Boib

AOV-I =0

N B,
Vx=(lx—/501b)’”u+lx’”n I, =—i vx—(zx [J’le)r0+zxrﬂ—lxr0(ﬁo+l+ )

Uy

Rout =‘f‘_x=r0([)’o+l+&)gﬁoro fOI’ /30 >>1 and ‘uf >> /50
; .

My

X

Page 1100

R, is now connected between the emitter and collector of (O, in the upper half of

Fig. 17.36. However, when the A - circuit is constructed, y;, is connected in parallel

with R, so the resistance at the output of the A - circuit is still 901 Q. The value of

y/; is unchanged, so overall the A - circuit is unchanged. Likewise, B is unchanged,

and so 4, is the same.

Page 1102
N . R|R,
U 1 d : -y =—y, — = =Alv - T=-—

(1) sing voltage division: v, —v_=-v,, R+ (R]HRM) v, (v+ v_)
(ii) T'=A4 R Ry = R Ry - RR,

R+R R,+R ~R+R ,  RR, R (R +R)+RR,

“ R +R,
RlRid

. RR, __R+R, _ R|R,

RR, + (Rl + Rid)RZ

R R, +R ) R, + RlHRid

1T Ry

v()

Vpi

R,

R, +(R||R,)
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Page 1108

100(5k£2”25k£2)
R, = 50kQ|1+ =1.84 MQ
SkQ+2.5kQ + (SkQHZSkQ)
101(3.854Q) (skef25k<)

Ty |=10* =9810  |T,c|=10" =3570

SKkQ+2.5kQ +101(3.854Q) SkQ+2.5kQ + (5k£2”25k§2)
R, = 1.84MQ(1 * 9810) = 5.06 MQ

1+3570
Page 1114
The analysis is the same with r, and , — .
= /30 | — ——1 — =—ﬁ0+1 —>‘u—
RD_V°3(1+MJ,2+[;03+1) 2 ‘TOC‘_1+[3’D+1 0 ‘ch‘ 1+2/30+1 2/
Uy Ky

1+ By
R, =2r, 1+ é = Ul
Page 1116

10" H: 10" H:
£, =Z_1;=—1052 =100 Hz  f, = ff; =—103Z =10 kifz
Page 1120
£7(jo)=-3tan™(0) = -7 = © =1.732 ‘T( jw)‘ - % =0.625

o +1

GM =20log L) 4.08 dB
0.625

Page 1122
From the Bode plot, the phase shift at the unity gain frequency (10 MHz) is -130°.
The phase margin is 180° - 130 ° = 50°.
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Page 1124

1 1

G, = =\/2 107)(5x107) =0.316 mS =r,lr, = = =500 kQ
=8 =2(107)(53107) Ro=rulre =950 2(0.02)5x10°
e (G L[0316mS) 51 pg
2\ C.) 2m\ 20pF
7 1 1 1 1 1 1 158 11
B == — = — =
27 ROCC(1+ sz) 2r ROCC(1+A“j2) 27 1 2(0.001)
500kQ(20pF |1+ 002\ e
Page 1126
1 1 +/2(0.001)5x107* 1 1
fzg_%=_\/( )_12 =796 MHz R=—= — =100 kQ
2n C. 2w 20x10 Zus \/2(0.001)5x10
Page 1127
G, =g, =40(5x107) =200 mS R, =7, = LVA‘ =454 kQ
40(5.5x107 4)
40(5x10™
from (G| L f200m8) 6 g - L[ Bus| o L (—“) =106 MH:z
2n\C. ) 2m\ 30pF 2n\ C. ) 2m| 3x10
P R N ! 584 e
27| rysCe(l+ 1y,) | 2| 4.54kQ(30pF [1+40(50)]
Page 1128
(i1) SR = 10014 _ 5 0ox10°” — 5,00
20pF s us
Page 1129
sr= 1004 5 o0x100Y Z 5002
20pF s us
Page 1132
G, = g,, =40(2.5x107*) =100 mS £, - 1 6,2 | Lf100mS) s g m.
27\ C.+C,y | 4\ 50.8pF

¢y =90 —tan™
173MHz 192 MHz 206 MHz

142 MHz

15.7 MHz (157 MH= L (15.7 MHz (157 MHz .
—|+tan | ———— |+ tan | ———— |+ tan | ————— | =69.5
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Page 1137

(i) SR = v

L _md s a0 o154
C.+C,ps O5pF s us

(i7) 30° = tan S e S| £, =16.6 MHz
49.2 MHz 82.1MHz 100 MHz

8.5 MHz
C.=65pF| ————|-2pF =31.3 pF
TP (16.6MH2) P b
Page 1144
1 3(0.67)
fy = =159kHz v, |= =3.00V
27(10kQ)(1nF) o 10kQ)(  24kQ) 24kQ
10kQ N 124Q) 10kQ
Page 1149
1 1

7.0318 pF’

fr= =5.016 MHz f, =
31.8 F(7pF 31.8 (25 pF
2n\/31.8mH[fF(p) 2n\/31.8mH[ JF(25pF)

25.0318 pF
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