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Chapter 15

Exercise Solutions

El5.1
fran = 1
148 = SxRC
RC ! 1 =134 x 107°

= xfaam  2x(10Y)
Let C =0.01 uF = R =153 kD

Then
Cy = 0.03546 #F
Cz = 0.01392 uF
Ch = 0.002024 uF
1 1
7| = -

Je (B )

|T] = 0.124 or T} = —18.1 dB

El15.2
frap = —m= = RC = —
38 = 21|.'RC - 21!'de3
RC 1 =3.18 % 107°%

= Zx(30 = 109)
Lat C =000l uF=1nF=R=2318k0

Then
R:[ = 2.94 kﬂ
Ry = 3.44 k2
Ry =1.22 ki
Ry =331k
lTl =001 = !

f V10
= f =15.8 kHz
E153
l-pole [T} = ~—pe—eemes = —3.37 dB
()
1
2pole |T| = ! = —4.88 dB
14 (13)'
10

El154
1
Re= 1
] 1 - -7
(:lr,fct'J—----—Rﬂ'...5)(“'6 =2x10

¥ C =10 pF = fc = 20 kHz

E15.5
i TGl 2 30 _
Low-frequency géin: T = — &G="3° =6
feCr {100 % 10%) {5 % 1071%)
fraas = = —
2wCr 2x(12 x 10—12})
= fi4p = 6.63 kHz
Ei5.6
1
fo= 3 AARC
1 1 s
RC = = = 6.13 x 10
. 2xfov'3 2w(15 x 103)v/3
Let C =0.001 uF = 1 nF
Then R = 6. so R =8R =49k
E15.7
fo = 1 _ 1
°T 2e/BRC  2xV/E(104)(100 x 10-12)
= fo = 65 kHz

R: =29R = 29(10%)
= R; =290 kO
El158

1 1
h=5mrc ™ €= 2rfolt
1 -
et s cZo.02

Ry = 2Ry = 2(10) = Ry =20 kQ
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E159
1 1

fo= =
C.C -9y
= o

= fo =7.12 MHz

= e« et I ——— =0.25 mA/V
Im =T RT ax 10 gm =025 mAJY
We have

gm = 2(%') (-“i) (Vs — Vra)

=20 p.A/V Vas—VT;.=lV

w 0.25 x 107
So T = @ox10-3(D)

and s value of W/ L = 12.5 is certainly reasonable.
E15.10

Ry
Vey = | =—— |V
TH (R:+R;) H

R,
i= (m)“’*”

2Ry +20)=12R,
40 = 10R, = RI = 4 k}

E15.11
(&
Vry = (R )VL
'u.1n=-(£}( 10):%-=oa10

Let Ry =0.10 kQ then B; = 10k}

El15.12
R,
L V= (R:+Ra)v“”" (1+m)‘2)
Ve=182V
R 1
VrH-Vs+(R +R)VH=182+(1+10)(10)
Veg =273V
=ve+ (gim) v =+ (o)
VTL'V’+(31+R: Ve =182+ | 1 )10
Vo, =091V

Solutions Manual

i
o

=71

S I S

E15.13

R
Vg = (1 + -R—) VeeF

J15 By,
Virg = Ve = V, s oan | -V
TH 5 (Rg) L and Vpp = V3 (Rz) "

Hysteresis Width = Vry — Vo = (%)(VH - Vi)
2

2.5 = (%2‘-)(5 -[-5]) = 10(2;)

Ry

So — =10.25
B
Then

Vo= =1= (1 + %—:-) Vapr = (1 +0.25)Vgsﬂ'

= VBEE = 0.8 V
Then
Vre = —1—{0.25)(=35) = VIE =023V
Vpp = =1 = (0.25}(5} = VI‘ = =225V
El5.14

R
Vrg - Ve = (m)(vﬂ -W)

0.10 = (R R‘R ){10 ~[-10])

Ra 20 R:
1+R1=—010=200=R =199

.y R’
ve= (e veer
Vagr = 1+E)Vs—( 199)(1}

= Vapr =100V

l___.,________\_\:.*___.___



Test Your Understanding

Chapter 15: Exerci olutions

- Vy — Vagplon) - V,

1 R+0.1
R+0.1= 10- %‘72' 87 s kn
A=429k0
El15.15

Att=0",letva = -5s0vx = —2.5 Port >0
vx =104+ {-2.5 - 10)exp (i)
™
When vx = 5.0, output switches

5.0 =10 ~-12.5exp (—t—l)
Tx

=t = rx(0.916)
During the next part of the cycle

vx = =5+ (5 — [—5]) exp (—;‘;)

When ox = =2.5, output switches

—2.5= -5+ 10exp (-—‘3-)
™>

P =T T 10

) _ 10 1
exp (+rx) sig T =l (ﬁ)

= &3 = tx(1.39)

Period =ty +t = T = [(0.916) + [1.39)}rx

=231rx
B = —
ey = 31k
rx = (30 x 10°)(0.01 % 10™%) =5 x 107" s
= f = 866 Hz
Duty cycle = T % 100%
{0.916)

= [0.916) 1 (1.39) * 100%

= Duty eyele = 39.7%

- (wim)~= (rm)n=1

VXS R TR T \lo+20,°T 3"
10
£=0.vx——T-

L
04 (-2 0) sn ()
3 X

10
Output switches when vx = T

4
10 =10 -13.33exp (—-—l-)
3 TX

) 10333 _ 6.67
KPNTIx/ T 1333 1333

13.33 -~
exp (-i-t—l) =—=12

vx

X 6.6
th = rxin(2) = (0.693)rx

T =2(0.893)rx

Jp—
= 2(0.693)rx
rx = RxCx = (10*) (0.1 x 10™*) =1 x107°
= f=122Hz
= D!.II}" Cﬁ = 50%
@ —
kA
5355 P
//\\ SN
s = ’ \
Jr i b /’
/ N7 J
¥ Y
Y-
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E15.17

. rx = RxCx

R 10
(B V= (22 V=12V
vy (R.+R,)"° (1u+go)( )

8
= = 0.10
8= R+ R
I+0.T
1+V1JIVF — _IZ
T=rxln[--—17ﬁ—— =rxln T 10.10)

T =50 x 10™° = rx In1.18] = (0.162)rx

50 x 10~
= = 3.09 k02
Bx = 1= 10-)0.182) Bx =3.09k0

b. Recovery time

H
vx = Ve +(-1.2 - Vp)exp (—;)
Whenvx =V, t= 12

t
0.7 =12+ (-1.2 = 12) exp (— ?:T)

exp (..L’.) =207 hgse

rx 13.2
1
= — ) = (0.155
s =rxln (0.555) { irx
rx =(3.09 % 10°){0.1 x 107°) = 3.09 x 107"
= t; = 47.9 us
El15.18

. .
= (Tz, +R=) TP R
rx = RxCx = (10°(0.01 x 10~} = 1 x 10~*

0.7
_ 1+V,/Vp)_ " 5
T—rxln( T-F =(1x10"*)1n T
=»T=48.9 us
Recavery time

H
0.7 = 8 +(—=2.66 — 8) exp (_L)
X

2\ _8-07
exP (-rx) = Toes - 6%

fp = n —1—)
3 =Tx M 0.685

= t; = 37.8 us

Solutions Manuaj

El5.19
f= 1
T 0.693( R4 + 2R5)C
_ i
T {0.693)[20 + 2(80)} % 103 x (0.0% x [0—%)
= [ = 30¢ H:z
_ Ry + Rp
Dury cycle = R, +2Rg x 100%
20 + 80

= Duty cycle = 33.6%

E15.20
f= 1

T {0.693)(Ra + R5)C

1
(0.693)fC
Lat C =0.01 uF, f =1 kH:z
1

(0.693)(103}{0.61 x 10-5)

R,t,-l-Rg:

Ra+ Rp=

= 1.44 x 10°

Ra+ Ry

f4+2R5
{144 % 10°}{100)

55 = {1.44 x 10%) + Ap
{1.44 = 10*)(100 - 53)

= 55

= Rp =118 k{1 s0 B, = 26 k)

Durycycle =535 = x 100%

Rp

El15.21
_1 Vi
A F - E-R—L
Ve = VIR = 2(8)(1)> Ve =4V

Ve 4
IP=E;—B=>IE=O.5A

. Ves=12—-4=8YV

fo=035A
SoP=lc-Vee=(03)8) =P =4 W

E15.22

vor _ B 300 _

v—_(1+ 1)— 1 20)—25
Vog Ry 50 _

#[g Ra- 0 2.5
1y 1 [12-(-12)

F=_. L= =240 mW
® =222 12 "
Or
P=024w

n
b3
2]

|

=~

[}

-
w
<
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E15.23 Va{0.10 + 2.0 — 0.05 + 1000] + [o = 12, 600
Line mguiation = 42 - 2o dVz Vo(1002.05) + [o = 12, 600
dv+ — dVz dV+ ¢ ' o=
Now For Iy =1 mA = V, =12.5732
aVs 10 For [y = 100 mA = Vy = 12.4744
7 (1 m) =2
dvz rz 10 Vo(NL) — V{FL)
= = = T Load reg = ———————~ x 100%
dv+ (f‘z + H,) 10+ 1405 = 000237 £ Vo(NL) ’
So Line reguiation = (2){0.00227) = 0.00454 _ 125732 124744 oo
- 12.5732
0.454%
Load reg = 0.786%
E15.24
E15.25
oK g o V2= as(en)
- T G T R+Ra+Rs
Ta

5.6 — 3{0.6) 3.8
b = T\ =
Iy | fos = S5 5410576 7.8
= <I—— ¥ = [c3 = 0.482 mA
J
I
Q. Ic.m=vf1a(—'51)
Iy

) 0.482
Ied(0.1} _[0.026)ln( = )

By trial and error

I, =0.213 mA
Va7 = 2(0.6) + {0.482)(3.9}

ﬁ_%-vi L L _Vo =?VE.-=3.08V
0" 10 =’V’(m"'w)“ T0
%(%)E':%#%:zw:“:% b . R13 A =V
R+ Raiz/ B = vEr
%=V Y Ye-Au(Vz-¥) _,
10 R Ro 2.23 )(5} - 308
2.23 + Ri:
W + Vo W% _ AV W AuW (2.23)(5) = (3.08)(2.23) + (3.08) Ryz
10" R R R “:/ ‘2 y 11.15 = 6.868 = 3.08Ry;
=0, _Aonbo =
3010) 3 R = Ri3 =139 k0

Vi (6.3)
—°+Io+V—°- 1000(6.3) _ Vo _ (1000)V;
0.5 0.5 20 2(0.5)
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Chapter 15
Problem Solutions 15.2 : 1
a) 4. |= = =0447 =
131 @ 1+( b )’ TS
(a) For example: foss
A= -78
A Lol
@ @ ®) 14|= 1 == L =02425>
A 1+(2)*
_L—\/\/W - JH(—I—] J +(2)
= — f;—a
i 7 |4|=-12348
.
L WN-I g © |Al= ! = 01240 =
1 \F ( f ) Y1+
+ —
- -‘fs-a
|4,|=-181dB
Low-Frequency: -‘1=(1+%)=10:> %_=9 —
v, )
Comer Frequency: 153 oo
1 Using Pigure 15.%a)
= = {}! = -5
I 3RC 5x10° = RC=3.18x10 1
famdB = 7=
(b) For Exampie: 2= RC
So
1 1 _ —
——V\/\{fa\:‘;\r——— RC= 2xfaam = 2:1‘(10 x 10%) =1.58x 10
s
We For example, C = 0.001 4F, R'=15.8Lk0
ﬂ' so that Ry = 11.2 kD and Ry = 22.4 k2
T AN ~
15.4
—% Use Figure 15.10(b)
+
L 1
- famam = 37BC
1 ar
N . 1 - -6
!-=_=_R=.l£=_.’i. 1 RC = srsiwiony — 18 x 10
v, R R 1+jaRC

%=15: Forexample, R, =104, R, =1504Q

1 1
C= = =1.06x10"*
R P W{isae)

Then C =707 pF

For example, let G = 100 pF Then R = 31.8 kQ
And R, = 8,97 kf2

Ry = 22.8 k1
R; = 15T k{2

From Bquation {15.26)

1T} =

=)
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We find Taking the derivative, we find
kHz -~
! 7! drged | _1ff, 1\, 4 e
;g g-i;: dw 2 wits Ty wird
40 0.456 ( 2 ) 422
2
45 0.589 w‘ Ty whryTry wi g
15.5 or _
From Equation (15.7), leﬁ“ | -0
=g
o= el [(552) i) -3
S A S 7y e D) T @l
= ;‘L[ 1 (1 - _1_) _2
Por a high-pass filter, 1t ¥; = V3 = sC, T wt nm wiryny 2
Th
Yy =, ad Yy = e
s R 1,1 2 \
e B
Then
#2032 Somatl=1=>2ra=n
T(s) = T : ) T4
20 4 E(-’C-l' 2C + E) Then the transfer functon can be written as:
1 1 77 4 S
= T{; = 1- ] -
PRI P N ot ={ 1= o]+ )
—142
1 1
={1"'22+ ::2+,2:}
Define m = RaCand vy = R.C wiry  a{wind)’  wiTy
1 -1/2
= | ] ——
T(s) = —— 1 - { 4(w=r§)’}
1+ —(2 + —)
T ars 3 = d B frequency
1 2 = 1 W —
Set s = jw w? r; or W ‘/_ \/_Rac
T(jw) ; Define
1 1
1+ ——(2+ ,T.w?) _ 1
1 “=TRC
= : : So that
1—d.(a_ _,z._) 2
wry wrs Ry=—=
= 1 )
(_ 1 )_i We had 273 = 7, 0r 2(RsC) = RiC = Ry =2
2
wInT/ e So that Ry = V2. R
L 15.6
[T (7w)} = {(1 - m) + wz_-‘r'f} From Bquation (15.25)
1
T =
For a maximally flat filter, we wanz \/1 ( 7o\
fl—d.ﬂ)
.IIl l - 25 dB = |T| = 0.0862
) 7 20



So
1

0.0562 =
Jl+(2)’~
1+(2*" =316.6 = (2)* = 3156
2N - In (2) = In (315.6)
> N=415=23 N =5 A 5-pole filter
15.7

Consider

For low-frequency: Yoo KR

v, R+R+R
For high-frequency:; :—: = R,f-zR,
So we need
R+R R,)
R+R+R \R+R,

t‘c’n '
. .
N

5 ;x+

Let R+R, =50k and R, =15k =
R =485)0

Then

15+R,

SO+R, so)=' R =144

Connect the output of this circuit to a non-inverting
op-amp circuit,

s
VAAAA

<,
_—-EVV\N‘ -

oC
!,

Chapter 15; Problem Solutions

At low-frequency:
R+B . 15+ 144

VoS RAR R, | 4B3+15+144
Need to have v, = 25.

v,=25= (1 +%) v, = (1+ %}0.‘75)\5 =

=323

v, = 0.75v,

EIE

To check at high-frequency.
v = R, 15

“ R+ R, " 154485
v, =(1+32.3)v,, =(333)(0.03)v, = (L0,
which meets the design specification

=003y,

Consider the frequency response.

1
R l—
R+ 3ll:9C

‘_L
s

v-n!

Y

R+R +R,

Now

1 R,
R’“;C_ T 1+sRC
Then, we find
R, + Ry(1+sR,C)
R, +(R,+ B {1+ RC)
wlnch can be rearranged as

v (R+RY1+4R[R)C)

v (R + R+ RY1+s(RR +R))C)
So

= I,_C

1 1 o

S = Zn(RJIRg)C = 2n(1. ih|l44)x10’C - (933x10°)C

2z(R,[(R, +R))C 27:(144[50):10’

1

" 3mo)C
Set
_Lit Sy 1 1 . 1
e [T S TS
Which yields
C=223nF



15.8

15.9

znded Jut; u

Low-pass: -50dB = 3.16x10
Then
1 1

316x107 = =

(5 8

We find f, =337 H:z

High Pass:

3.[61']0"3 = 1 = !

R

We find [, = 1067 Hz

_ 1 Bandwidth: BW = f, ~ f, =1067-337>
|4,| = ™ BW = 1064 Hz
1+[_f_] —_
fre 15.10
-100dB =107 '
So a.
l =R 7
107 =
fl,,[m)’" ) (%)
! o = — #01
or , -Rl (__L)
1+(642)"" = (—1-;—_,-) =10% ' ’
or ?"'% = -1: = ) = —~inz
(642)"" =10" Then
Now 1
N LeftSide Rﬁ;=+(”§=) M,m(—sﬂtc)
1 4112x10° 5C
2 17x10° _
3 7x10° And .
vy - _fﬂ; . - ¥
So, we nead a 3" order filter, J: Rs (sR-;C) R “ (l.)
' sC
_ t . 1
= TR R(aR:C) © Ra - (1/9C)
& +(1/3C)

_ [_ 1 + 14 s8:,C
= | BERO) i
- [}h +(1+ sn,q)(m,mcyl

(sC)YR1 Rz R
\ l Then
;o w1 (sCYRLRaRs)
s ' v = R | R+ sRRiC + SRR RCT
L M 1
or
5o Mz g, 1
Au(s) = :‘—; == Ry
&Yt oRE

n

)

&)

{2)

(1



b Aujw) = ’C& T
AR o) -
or
2
) = B
R_1+J[UC_WCR:Ra]
R 1

R : R’
{1+J[Nﬂlc—m—]}

1

. \
[Au(pu)| = E 2 2y 112
1.
{I+ [UR:C- U’CR:R.;] }
|4}, when [uRC—L =0
Yimax 1 UCR:R; -
Then
Ri _ 85 _
IA"Lm;: = R‘ - 3 = |Av|ﬂﬂ£ = 28.3
Now
wR C[l-——l——]—ﬂorw— !
' W C R Ry = G/R:fa
Then

1
i= =
22CVIRRs  22(0.1 x 10-%)y/(300)?
Sc
f = 5.305 kHz

To find the two 3 — dB frequencies,
R 1
[uﬂ:C— m] = *1
W R R RC? = Ry = 2wRaaC

(85 x 10%)(300)*(0.1 x 107°)% — 85 x 10°
= +w(300)*{0.1 x 107%)
w? (7.65 x 107%) — 85 % 10° = Lw (9 x 107)

W (785 % 107%) xw(dx107°) -85 x 10° = 0

=(% x 107%)
2(7.65 x 10-%)

w=

J(g x 10-3)? 4 4(7.65 x 10-5)(85 x 10-3)

2(7.65 x 10-9)
We find f = 5.315 kBz and f == 5.296 kHz

2v;
1+ sRC

. 2 U=v 1 —-aRRC
Yo =VHTTIRC ) = “|T+eRC

Now

v+ = dug =2wa =

A(jw) = - jwRC
- 1 + jwfC
VIt AR
gy Ied

;v_; —
Al = = Al =1
Phase:

¢ = =2tan™" (wRC)

b,  AC = (10*){15.9 % 107?) = 1.59 x 10™*

I $

0 ]
10 ~-11.4
5 x 10° —-53.1
1/2xRC = 10* Hz -90°
5% 107 -157
o -169

)

2)

n

2)



it is and Des;j
15.12
i E‘ + —V‘ ~ Ve =0
" R, " Rall(1/4C)
V; Vi-¥W
'E;+ Ry =0
1+ sRC
R, 1 N
B TTeEmc =k
Vo Ra+Rill+ IR CY
V.~ Ri(l+sR30)
- (Bt R+ o[ R || Ra)C]
: Ri(1 + sR:C)
Vo _ &) 1+ s(R||R2)C
a7 ‘(H'& [ (15 sR;C)
Y4BT o9r R C
3B = (R Ra)C
Vi Vi-VW
b. =
ATV R
V' v: Vn

)+
14+s8,C
Rz
Vi[—-[l-l-lﬂ'.C)-f-l] =%
i
%‘--[ﬂz + A+ 1R RCl=We
1]

Vo R+ R
TZ- = -’—R';'—l 1+ -’(Exllﬂzlcl

v R
== (1+ 7 )L+ s(Ri| Ra)C]

345 = a2 (R [ R2)C

15.13
Vi _ =Va
Ry +(1/sC1) — Ral|(1/sC)
C 1+ aRC;
v _g_) -— (_?...l
(1 - 3.&;01 V.'o -!C‘j
V_g o -
Vi (1l+sRCH1+sRCh)
- —ngC-'t
T 14+ 38:Ci + sRiCo + 2/ R CCy
Ww_ R
2 e
» 'Ci

T B Gy
E + G (l+ % C’t) + S RO,

2™ edition

Solutions Manual

R: 1

R, &
+(1+E’ Cl) + 3R C

Ry C\? 1
{(1+R—l—é-;) +(wﬂzca—w—————}tlcl) }

when (wR;C: - ) =, we want

1
le C1
Ji¥ 1

] =50 = =—-
[T} =5 7 H,_{{}__&)
( R &

Al the 3 — 43 freguencies, we want

1 R: C
(uR:Cz - M—Rxcl) =i(l+ Tz%c_:)

For f = 5 kHz, use + sign and for f = 200 Hz, use

— sign.

wy = 2w(200) = 1257
wy = 2%(5 x 10°) = 3.142 x 10*

Define r; = ReChrand o = R4 Cy

1
wnn —— =T+ N
w2

1
ri(wry ~ 1) = u—2+f‘:



Chapter 15: Problem Solutions

So

1
o=
wary = 1

Substituting into (3}, we find

1 -1
w7y = e = — 1+L=_(i;ﬂ_)
—+r —+n
w2 wa
W
wpry =1

w:f‘x[:l;-i' n] - :—l(wﬂf’: -1)
{(Een)ertoni

w 1
—1--1':+u11':—£41~;+—
why taty Lt
A R
I o — -ty
1]

+(L+—I-) =0
tary w2

{(3.2677 x 10*) 1§ —24.96m +8.2T3Ix 107" =0

(wn +wa)rs + (:—;— w—z)rz

Wy

_ 24.36
T 2{3.267T x 10t)

V/(24.96)7 - 4(3.2677 x 104)(8.273 x 10~)
* 2(3.2677 = 10)

n

Sinee wo is large. 7 should be small so use minus sign:

™ = 3.4T7 x 107°

‘Then

_ 318 %107 43.47 %107

= =732 x 107"
n 9.09 x 102 =N

Now

B 1
Ry 3.47 x 107
1+ 7.32 x 104

50 =

-ﬁi = 52.37 or Rz = 524 kO
3

Also

n = £1Cy %0 that Cy = 0.0732 uF
m = RaCy 30 that C; = 66.3 pF

15.14
Gain = 10 4B = Gain = 3.162

Far example, we may have

R :
— = 2.162
Want I 2

For example, let By = 30 k{3,

‘R. = 108 ki1
fi = 00
L 2Ry -
So
1 -1
= —— = 0.796 x 10
Ry 27(200)

For exarpple, et Ay = 200 kI = A large input
resistance

Ci = 0.00398 uF

=50 x 10°

1
27(30 x 109)
For example, let

R; = 10 k2 and C; = 318 pF

1
fa= IxR2Ca

= RyC; = =318 x 10~%

15.15

fe =100 kHz

1
Reg = ——-fc v

a. For C=1pF, Ry =10M0
b. Por C =10 pF, R =1 MR
¢ PFor C =30 pF, R, =333 k0
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15.16 15.18
a. From Bquation (15.28), a.  Time constant = R, - Cr = r where
_ 1 _ .
Q=24=% . R = T M e e - 2110 8
Req
andfc=lDOkHzmmltTc=Taa—l—ld-:=>les Then
r= (2 % 10%) (30 x 16™*?)
Now ar
r =60 ps
1 i
Ree = fecC ~ 100 x 10°){10 x 10-12) = 1M 1
B o= -—/ vy - dt
Sa r
—&
_@- 1{lex107%) _ 10 x 10-1 C or
108
Ay = 1Tc Te = 1
or —, 7o
= 10 pC
So
10 x 1012 = 1
b. lyg= % = Tomio=c Fla=1uA A = = 16-5)(100 x 10°]
or
Q = CV so find the time that Vo reaches 99% of i3 Aug =0.167 V
full value.
¢. Now Awm = 13 = N(0.167}
%=V|(1--e""r') where r = RC or
Then 0.99 =1 — ¢~ or ™" = 0.01 N = 78 clock pulses
or t = rin{100)
15.19
Using Bquation (15.41)
r=RC=(10")(10x107) = 107" s
1 1
Then fo= =
3 03)(10 x 10-°
=481 x 1070 s IxV3RC  2xv/3(4 x 109)(10 x )
or
15.17 to = 2.3 kHz
Low frequency gain = ~10 = %: 10
% R
fua-mxlo“ﬂz=£—c: T;-=SaotlutR:=8(4x'103)
= Ry =32k}
Set
fc = 10fi4p = 100 kHz 15.20
Then R ( sRCv )
a. P T e 1 Yy 5 | eemm—] .
G _ (10 10%) o R+{(1/sCv) 1+ sACv
Cr  100x105 __r _( sRC )
B Re L 7T \tarC; "
The largest capacitor & C1, so let sC
o R, (2RO .
Cy = 30 pF B e L T \T+eRC
Then sC
Ry
Ca=3pF vo = =g ¥y

and
Cr =4.78 EF



ter 15: em Solutions

Then 30
2 = —2(1+ sRC)
ms_&( sRC )( sBCy_\, = RC
R \1+4sRC 1+ sRCy
. From (2)
Set s = jw
| = _ﬁ( ~wi R2C3 jwRCy n{aC) = w[,c + lﬂ.,. 1_:%2'5]
R \T+2juRC - R?C? ) \ T + jwRCv te
ar
The real part of the denominator must be zero. ,,=_M. 1+_1.._.+_I_]
si:C sRC ~ 1+sRC
1—? RO - W RPCCy =0
Prom (1)
50
wo = 1 vo(sC) = m [sC + L4 sc] - 1a(sC)
R,/C(C +2Cv) R
Then
1
b, foumas = - 1 1[~wll +3RC)
P T 2x(104)2/(10-11)(10-11 + 20— ]) Yo = [2 * sRcH sBC T
fo,max = 919 kHz 1+ sRC 1 ve
foomin = 1 [ “RC +1+sRc]+sR,c'“+’Rc)
Jmin - —————————————————————
2x(104),/{10-1) {1017 + 2(50 x 10—12]) :
fomia = 480 kHz = |Lr2RC][1+sRC [(1 +3RC) +3RC
- - sRC Ry C (sRCY(1 + sRC)
15.21 _ 14 2RC
‘ ‘ 1R:C
From Equation (15.46) | o (1 +20RC)(1 +23RC + #* R2C? + 4RC)
jo= —1L N (sRCY {3k C)
2nBRC (1 +sRC)(sRC)®
1 - ]
saR= (SRC) (leC)
r/6(80 x 10°)(100 x 10-13)
R=1812k0 Set 5 = juw
1= (14 27wRC)(1 + 3jwRC +w*R*CT)
We need -i= (2 RACT)(w Rz C)
Ba_ o (1 + jwRC)(—A R C?)
R T (~ARC)juRaC)
0 that
Rz =236 k1 The real part of the menerator must be zero.
15.22 1 =R - 6’ R C 4P RIC =0
. 222 _
m—n _n mn-wn 6w R°C =1
A BT I M so that
sC a0 o = 1
*~ JBRC

or(m-ﬂx}sc=%+(m-vz}sc ird illati
Condition for oscillation:

L}*‘3=2+ l” @ _1_ZjWRC+3ijC—2jWJRaca+jwaRJCJ
< R E+R = (—? RPC?)(JwR2C)
I wiRiC?
of (i — w)aC = 22 4 21C) = [wRCYwR2O)
{v1 —1a)s 7 + TR
But
B_ -k
L‘+'-R_ R2 (3) uzwgz—l
oC VERC
wsC
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Then

51 (5 - %) (8R*C?)
1= TRONIE) -~ REC?

SRICT

(Fen
1= g or E’— = 29
R i —
15.23

Solutions Manual

1)

{2)

&)

0]

With all resistors equal and all capacitors equal, we find:

voz = (2) (ﬁ) voy

R
vos = (2) (——]‘#-) voz

e TR
e
R+ R(1+skC) "™

1
vos = (z+=nc)"°*

g = —Haa

Then

o= (2-{-:30)( 3(14-,30)( )(H’Rc)

Let s = jw
(2 + jwRCY1 + jwRC)(1 + jwRC) = —4

{2 + jwRC)(1 + 2jwRC -’ R'C") = —4

ity

(2)

@)

(a)

The imaginary term on the left must be zero.
4jwhC + jwRC — jW*RC* =0
wRC(s - RICYH) =0
or

w=£gsz (Mot the same as in book)
15.24
a,
Vo — Moy “ugy +l-‘01—b'uz
R (1 R
iC
oy — o2 _ Mo2 o1
E (L) TR
e
Moz — o3 oa Uga
B 1Y R
sC
vo = —RE.
B = R Vo3

We can write the quations as

vy — voy = w1 {3RC) + vor = voz
vyy — voz = oz (SRC) + vor — voa
vo2 — vo3 = roa{sRC) + vos

and

Rr
vo = =5 v

Combining terms, we find

Mg == o1 (2 + SRC} - ¥g3

rot = VM(2 -+ JRC) -—
vaz = vo3(2 + $RC)

and

F
= - g3

R

Combining Equations (3) and (2)

vor = a3 (2 + SRC)Y =2z = voa [(2+ sRCY - 1

Then Bquation (1) is

va = vo3 (2 + sRC)? ~1](2 + +RC)
- b'u;q(z + JRC)

m

2)

%)}

)

)

2)
3

(4)

(1)

@

3

@

2



Using Bquation {4), we find

Rr

V- Bl vaa{[(2 +sRC)? ~1](2 + 2RC)
~(2 + sRC)}

To fnd the frequency of oscillation, set s = jw and sct

the imaginary part of the right side of the equation to
Iern.

We will have
Rp . . 2 p2 2
_T={2+JwRC)[4+4JuRC—w RC? =1 -1]

Then
jwRC(2 =W’ R*C?) 4+ 8juRC =0

or
juRC{I - RCY 4 El =0

Then the frequency of oscillation is

fom . YT
2 2x BC

The conditon to suswin oscillations is determined from

- RT“' =2[2 - RCY) - w R C?

Ry
- -R—=4—6{10)
ar
.&.=55
-

p. Fxr R=5Lkland f; = 5 kHz, we find

V10
€= 2x(5 x 103}(5 x 109) = C =002 4F

and Rr = 56(5) = Ry = 280 kQ

Chapter 15: Problem Solutions

Setting ¥4 = vp, We have

Rs
R, _ 14+ 3R5Cs
Ri+ Ry Ry 1+ +84Ca
1+3RgCpm 2Ca
i
Ri+ R
sReC, a

= SRaCn + (1 + sBACA)(1 + sR5Cp)

To find the frequency of oscillation, set s = jw and
set the real part of the denominatar on the right side of
Equation (1) equal to zero.

The denominator term i

JwRaCa + (1 + juRaCa)(l + jwRgCr)

or

jwRpCa +1+ JWRACA + jwRsCr
- Uz.RARECAGB (2)

“Then from (2), we must have
l=wiRaRgCala =10

1

fo = 2:\'; RAEEEAEB

b. To find the condition for sustained oscillarion, combine
Bquations (1) snd (2). Thea

R JuRgCa
Ri+ R:  jwRpCa+jwRaCs + juRaCs

qQr
B _ 1, B G5
1+ g =1+ 5+ 5
Then
_ﬂl Ry Cg

%.
ol
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15.26

a We can write

v —(——Rl )l'a
AT\’ + R

and
_ Rl|sL )y
YBE\RSL+R+sL) "

Sefting v4 = rp. we have

sRL
. R+ sl v
Ry + R - ki
BreL oL +R+al
R, _ sRL W
R+ Ry~ sRL+(R+sL)

To &nd the frequency of oscillation, set s = jw and
set the real part of the denominator on the right side of
Bquation (1) equal @ zero,

The denominator term is:

jwRL + (R + juwl)

jwRL + B® +2jwRL —o*L? 2)

Then

B -ul*=0

b. Tofind ths condition for sustained oscillations, combine
Bquations (1) and (2).

Rl - JWRL — }_
R+ Ra  jwRL +2jwRL ~ 3

Then
Ry
1+ R, =3
10 that

|2

F”"

=2

15.27
From Bquatioa (15.52(b})}

2rRC
ar
1 1
RC = 7 = W@ < 109
RC=2x10"°

Set R = 20 k) and C = 100 pF

We must have

Ra

/e

Set R; = 40 kDY and R, = 20 k11, for example.

15.28
From Bquation (15.59}

-
C1Ca
2r L( T c})
and from Equation (15.61)
s

g =R

fo=

Now,

gm = 2V kalng = 2:,/(0.5)(1) = 1.414 mA/V
We have C; = 0.01 pgF, R =4k, fo = 400 kHz

So

Ca = gm RC1 = (1.414)({4)(0.01)
or
Cy = 0.0386 a4F

and
1

(0.01){0.0566)] _ .. _
j kint? & Skt 05
2"\/‘r‘[n.m +0.0566 ]

400 x 10° =

1

L(S.S x 10‘!) = [m

2
] =138 x 107"
Then

L =185 &H
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15.29 15.30
Ve = =V 4.
Vo Y Yo
Ve B Ww-W _ ——t+ =+ gV + =10 {1
—_L + RL + L = yme = -gm% -lLl R % + 3L‘2
aCz SCI
1
u[s 7 +1C + R + g ] 1{sCh) 1 V. = lsL: " @
sl +38Ll2 ’
W Vo - W
Lo et 4 gV =0 ) Then

1
v (E +sc:) = Vo (s + gum)
_ %(sCs + gm)

1
I + .!C‘;)

L{

Then

Yo [s{CH +Co) + -f%: + g...] = V°(’C;)(’C- + g}
3+

1 1
[s(ct s g.,.] (E + ,cl)

= .:C1(:C, -+ ﬂm)

Ci + Gy 2 1 Cy
I +2C{C +Cz]+m+R—L
+ 3gmC + '1—2 = 0] + sgmCi
G+ G, 2 1 Gy Im
== — T im g
2 +’Clcz+sR:,L+Rz,+sL
Set 3 = jw
C1+ & 2 1 JwCy | gm
—— s 20 =0
R R lows -y Ayl
Then
C, +C CL+C;
: U 2 =
W= TGl T =V GG

1 - IJC:_
—— _R:,

o
_|.
E
&
|

gm 1 =!CI+’CZ)01

T TR.iLT CiGLR,

1 _cl + C;
gm+RL T OaRp
QMRL+1=%+IMQL=Q"|RL
2 L

1 1 o gm{2? L2C)
—_— = =0
V“{,L, TR I T 1+ 200

R{b + 2 LaC} + (sL1)(1 + 5* L2C)
(sRLLV)1 + 22 L2C)
32RL10+gm(JRL1)(JQL26’) =0
{3RL1)(1 +!2LQC} -

Set 3 = jw. Both real and imaginary parts of the
numeaor must be zero.
R(1 - LC) +jwli (1 —w'[2C)
- *RIC + (jugmRLL)(~w’ L2C) = 0
Real part
R(1 = WL C) ~WwRLLC =10
R =_w:RC(L1 + L2)

or
1

= el * L3)

b. Imaginary part

july (1 = wPLaC) = jwgm RLy (w? L2C) =0
Ll = W=L1 L. C+ ngLI (WILQC)

Now W’ = 7+ 1)
1
= ———sme——{ [ C RL
1 C(L:-l-L:)[ 2C 4 gm RiaC)
___..La ﬁ= 1 7 -1
1—L2+L2(1+gmﬁ):’£a ( + gm )
or
L—1=g..R
Lz~

15.31

1

VE(Ly + La)

wo = 27800 x 10°) =

or
C{L; + L2) = 3.96 x 107"
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Ly
Also I omR
Ly

Poc example. if A = 1 k{1, then I;=(20)(1)=20
So

Ly =201,
Then

C(21L2) = 3.96 x 107" or CL; = 1.89 x 10™**

15.32

If C = 0.01 aF
thea Ly=0.189 48
and Li=378,8
w2 W Hi—vp
T -R+ R (1}
sC
and
L] ¥p — M
—_= 2
L)+ R 4]
sC
ar

va(sC+-‘1E) = % = = vp(l + sRC)
From {1}

w(sC) = 1n (30+%) - %
or
w(aRC) = vp{l + sAC)(2 + sRC) — vg

=vp((1+ sRCY2 + +RC) - 1]

Now

7o) = (1+ ) [y =]
(81

l+---) ___sRC
2+3IsRC+2R3C2 -]

or
_ R, sRC
Tl = (‘ + m) [ﬁmm + A T 1]_
. Ry _JjwRC
T(jw) = (1 + R,) [1 —WIRICE + EjuRC]

Prequency of oscillation:

fo =t
~ 2xRC

Solutions Manual

Condition for oscillaton:

_ _R;-;_ JwRC
1= (l * Rx) [SijC

153.33

or
B _,
A
o it NSt N Wi -
L _R+ R ()
sk
= 2
ra (R+3L)y1 )
or
. R+JL)V
1 Y B
Then

v o_ .l_+3.)_=*_2
i U\ILTR R

_ R+l -1—-+i)v _re
sl  \ sL siL R)PTR

_ R+sL R+2sL)__1_}
=ve <L sRL R

8Y)

;

== 1
BET {(n +sL)(R +2sL) - (sL) }
(sL){sRL)

Now

- Ra sREL
T = (1 * E;) (R‘ +3sRL 4 252 L3 _,zp}

at

- Rz sRL )
Tls) = (1 + H;) (_,zp T 3R+ I

And

. Rg JWRL-
T(jw) = (1 + R—‘) (R’ —w?L? +3juRL)

Frequency of oscillation: fo = —ZR 7

Condition for oscillation:

Ra\ (1
1= (0 8) )
or

L
-



15.34

From Bquation {15.65(b)), the crossover valtage is

R
Pl=—-er-Vus.v

Let Ry = Rvan + Rr whers Ry an is the potentiometer

and Rr is the fixed resistor,

Let Varp = -5V, Rp = 10 k), and Ru pn = 40 kD

Then we have

v o= -%‘:;-Vazr =—(%)(-5)= 1V

and
50
"I——*(S—o)(-5)=5v
15.35
fmae = e = 0.1 = & + R =100 kQ
m“—-R;-FR:“ ] 2 =
Hysteresis width

{41
AV =Vep = Vrp = \ Vi
e = VrL (Rl +R2)( " — VL)

or0.1 = (100)(20)

50 that
R] = 0.5 k]
Ry =99.5k0}
15.36
a Vpg= (*‘*}-ZL—)VH ( )(1 )
B+ Ra 10 4 40
S0 Vg =2V
_ £ 10
Vi = (R; +R=)V" = (m +4u)('m)
30 VII = =2V

b. vy = Ssinwt

15.37
& Upper crossover voltage when vy = +Vp,

Now

Ve (R{:R )[‘*‘ Ve)
and

_ Ra Rp
AT (RA +Ra)VuF + (Ra-i' Ra)vﬂr

va = vp so that

Chapter 15: Probiem Solutions

or

RA+RB)(R1)V (RA)V
Vrg = (R1+R2 Ra, " "\ A REF

Lower crossover voltage when vo = =Vp
So

R+ Rp ﬂ\) (RA)
- — Vp — | =}V,
Vrr = (—R1 T & )(RB P RB REF

o vew = (2 (5) o - ()@
- 5_+_2_D-) (%)(10)-1:1/:; =4V

vs _ VRer —va pn_ve
F o Ra R

. Vee
,,.B(_l_+_1.+_1_)= LAY
1

Ra Ry Ra
Vg = vp when vy = +V¥p and Virr = vy when
w =—Vp

So

er _

E
]
&l
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73
AVr = Vrg - Vrp = o3 Ii’ 0
(ﬁT+R_=+R_s)
2(12
0.2= 4.(0.10 +0.10)
So f; = 600 k2
Then
1 1
E'-I--E;—U.lﬂ
1 1
—— _— =, 1 = A7
AT 0.10 = R, =10.17 kD

¢. Vrg=-34+01=-=49

Vep = ~5—0.1 ==5.1

15.3¢

a. If the saturated output veliage is [Ve} < 6.2 V. then
the circuit behaves a1 & comparator

where |u| < 8.2 V.
If the saturated output voltage is [Vp| > 6.2 V. the

output will flip to either +VF or —~Vp and the input has
ao conTol.

b. Same as part (2) except the curve at vy = 0 will have
4 finite slope.

Circuit works as a comparator as long as ve; < 8.7V
and o2 > =3.7 V. Otherwise the input has 20 coatrol.

15.40

4. Switching point is whea g = 0. Then

v =ur=Ve= (R—‘-R:.-:-R—!)Vmp

Vr g ocouns when 1o = Vi, then by superpasition

Fid
ve = Vru = (m) Vi + (E-T—R:) Vrer
or

R
Vry = Vs + (—m ;R_‘)VH

Viry occurs when v = Vi, then by superposition

! R
ve = Vro = (Rx ;R:)VL + (R: -:R:)VMF
or

R
Vrr = Vi —_—1V
TL S+(R:+R2) L

b. PaVrg=2Vad Vrr =1V, then Vs =15V

Noaw
10
= 1. — 1]
2 15+(10+R,)(1)
08 _ 10

o e— Ra =
10 ].D-i-R';:’JM

190
Vo= 1.5 = | ~r—mm— Vv,
Now Vs = 1.5 (1o+190) REF
50

Vage =1.579V

15.41

2. Switching point whea vy = 0.

Now

R
= = = Vs.
vy = Vazr (Rl oy ) vy where vy 5

Then

R.
tom (B (14 5
Now upper crossever voltage for »r occurs when vo =
Vr and vy = Vaer. Then

Ve = Vegr _ Veer - Vi
R, R

or Vo =---§—:-Vr. -I;Vnzr(l-i- %)

0rer=Vs—§—:'V:.

Lower crossover voltags for ¥y occurs when o = Vg
and vr = Vrer. Then

Va - Vagr _ Vase =Var
R‘) - RI,

or VL =—%'VH+VHF(I+%)

By
or Vpr = Vs ~ R -Vu



Chapter 15: Problem Solutions

b. Por Vey= —1and Vipp = =2, Vo = =15V, 15.43

1. w = Vezr +2V-,
Then V7o =Vs—£-Vn = —2=—1.5—£{12)
R 20

so that B = 0.833 k01 5 = Vaes +2(0.7)
= U.
or
Naow

"
= S\v
Vs (1+ Ra) REF

0.833
-1l0= (1 + T) Vrer

\ =35V

v R: v v
b (R|+Rz){ £+ )

R )
S = | =5
which gives 05 (R=+Rz 5}
Ra R
= - —_= — =9
VEEE =—~144 V orl+ IR 10 = 7
For example, let Az = 90 ki and R, = 10 k2
15.42 .
e. Forwr =10V, and i is in its low state. Dy & on
1. Vy=38+4+0T7T=683VandVy; =63V and Dy is off.
From Equation (15.72(b)}), vy = (o +0.7) . Vagr = _ =t
Ve = —(ﬁ)v 00 1 1
Rz

For ¢y = ~0.7, then

and from Equation (15.75(b}), 10-0 36-(-07) —07-w

R 10C 1 1
=<{ 8y,
Vrg (Rz) (] or
vy = -51V
R
Vrg =-Ver =1 =_(R_z (VL - V&) 15.44
For 1y = High = (Vrer + 2V,). Then switching paint is
= +(%—:~)(2)(6.3) | "'? High = ( i
Ry Ry
- = 0.07937 —pp = | ——t
1
L 0.07937 > & 12.6 ki) or Ve = (ml'ﬂ_z) {(Veer +2V4)

Now Vry = —(0.07937)(-6.3) = 0.5,

Lower switching point is whena
Ver = —0.5

i =vg = (——R'-—)va and vy = =(Vrer +2V,)

b. For vy high, ws have R+ R:

b1+]
I = Ip+Ir, Iisfxed for o given R.

R, )
= —{ =) (Vrer +2V;
Assume vy varics betweea =12V Vo i+ R (Vrer +2V5)
15.45
In(max) = 22 ;3 6_12 =135 mA By symmetry, inverting tecminal switches about zezo.
Ia{min) = Eji'ﬁ—-%&i = 0.426 mA Now, for vo low, upper diode is on.
Ig(avg)=.1;3-§;%.?.'ﬂ£=u_gggm Vagr — i = by — W
# =2 — Vrer whers i = -V,
Then we want

50
va = —{Vrer + 2V,)

I = Ip{avg) + Ip({avg) = 1 + 0.388 = 1.838 mA

Then

R=

Similarty, in the high state
12 - 8.3

T T A=i02ki

v = (Vaze +2V5)
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Switching oocurs when son-inverting terminal is zero,
5o for v low,

Veg =0 _ 0 —[—(Vrer +2¥,)]
R R,

of Vrg = % (Vrer + 2V5)
2
By symmetry
Vre = -—- . (Vasﬁ -+ 2V5)
15.46

Jo = 5 kHz and 50% duty cycle.
From Equation {15.88}

fom e
2.2RxCx
50

RxCx = =9.0¢ x 10™°

1
7.2(5 % 109)
Let Ox = 0.01 gF. Then Rx = 9.09 k2.
Also let R; = Ra =10 ki

15.47
Switching point occwrs when

(R; +R:) (3n+m)“°)

>y =£75V

b. Duty cycle = 50%

Prom Equation (15.83(a)), we can write

vx=Vp + (—%Vp - Vp) =X

Attmst =ty (one«-hllfpuind)u;;a%-vp

So

% Ve Ve - % Vpe=ti™x

1= Te~t1iTx

ot =fxln(7)

One pericd is T = 2rxIn(7) =
quancy is

3.897x or the fre.

_ 1
f= 3.89RxCx
Then
_ 1
f= {3.89)(104){0.1 x 10-°)

= f=25THz

15.48

Only change from Problem (15.47) is that maximum output
is £13 V and the vx switching voltapes are £11.25 V.

15.49

ty = L.L1RxCx
= =11ms

= (1.1}{10*){0.1 x 107°)

D<t<t, vy = 10(1 —e”""Y)
v = RyCy = (2 % 10°)(0.02 x 107%)

=4X10q5$

Now LN = 2.T5
v
= Cy completely charges during each cycle.

15.50
4.  Swirching voltage

A + Ry 10+ 10
S TN S W IO VA (O L & L PO Y
vX (RI+R3+R1) Ve (m+m-|-w)(i )
So vx = £6.667 V

Using Equation (15.33(b)}

-ty fr 2
¥x =VP+(—§'VP—VP)¢ Wirx =§Vp

Then 1~ =.e~"V/"x —%
1 3 -ty frx
-_—— = f) = 5
3 3 or &) rxln( )
T 1 1
\‘-1-—-?—— 2{500)#11—00013

107% = rxIn(3) => rx = 6.2t x 10™*

= Ry (0.01 x 107°)
So Bx = §2.1 k0]

b. Switching voltage

10 1
= (1u+ 10 + 10)(*""’)= 7 (&)
Using Equation (15.83(b))

vx=Vp+ (-le - Vp)e"""‘ = %VP

. -‘ﬂ"x - l
3

e—Nitx

;’

Wi
]

e 1 —
i
3
=rxln(2) = (621 x 107 )in(2) =430 x 107" s

T=2t, =66x10""g

1.
f—-¥=> = 1.16 kHz



15.51 15.53
From Bquation (15.92) a. From Equation (15.95)
T=rxln l_; Por T =60s=11RC
then RC = 54.55 s
_ R, _
Whered S R R 1o+ T For example. let
C =50 aFand B=108MQ
50
b. Recovery time: capacitor is discharged by current
14+ 0.7 through the discharge transistor.
= —_ - &=
100 = rx In T —0.2857 FVt =5V, thenizp= 507 0.043 mA
sorx = 2139 pus = AxCux up= 1100' le = 4.3ImA
For sxample, Rx =10 k), Cx = 0.0214 uF Vc=5f1cdt=§-t
2
R 10 i S.yt=3331V
= (grm) v = (wam) 0 =1 Copscior s ammgedoy * =0
1T : Sothart = Ve C o {3.33)(50 % 10~%)
and vx = 0.7V othetd = =y = T3 x 103
To trigger the circuit, #y must be brought to a voltage less So y time ¢ 22 38.T s
thant vx.
15,54
Therefore minimum triggering pulse is —0.73 V. T=1.1RC
Using Bquatica (138D e T <t < T $x 107 =1.1RC
vx = VP + (_ulzas-rvp - VP)c—l‘rFi‘x 50 RC = 4.545 » 10—6 [ ]
Recovery pesiod s when vy = V4, = 0.T V. Por sxampls, let
- -t'fr
0.7 =5 + (—6.43)e™"/™x C=100pF and R =455 k0
6.43¢™" /™% = 4.3
ort' = rxln(1.495) Prom: Problem (15.53), recovery time
rx =213.9 us 2 Ve € (3.33)(100 x 10~*%)
Ie 4.3 % 103
0
t' =T —T =286 o
= — 4
1 s =17
15.52
. . 15.55
From Bquation (15.92), the pulse width
v Prom Equation (15.102),
i+ (V—*)
T=rxln a———r bl f= 1
1-8 {0.693)(20 + 2(20)) x 10° x (0.1 x 10-*)
R 20 or f = 240.5 Hz
i = 1 - =
where £ Tt s 20 +720 0.5 20 + 20

Duty cycie = Erp e T3(320) x 100% = §6.7%
rx = RxCx = (50 % 10*){(0.1 x107%) = S ms

L4 3T 15.56
SoT =5In 1—_&% =T =3380ms f= 1
) {0.693)(A4 + 2R&)C
Racovery time = O.4ry = 2 qs Ri=Ri=10k}, Rg=Ra+z8

$010 kR < R < 110 kY



1
fuia = {0.593){10 + 2(110)) x 107 x (0.01 x 10-°)

= §27 Hz

1
foax = T E83)(10  2(107) x 10° x (0.01 x 10=%)

= 4.81 kHz

50627 Hz < f < 4.81 kHz

Ra+Rs
Dllwmwmxlﬂﬂ%

Now

10 +10
—————— 100% = T
o200 - ° % = 86.T%
and

10 + 110
———— ) - .
072010 < 1° % = 52.2%

S0 52.2 < Duty cycle < 66.7%

15.57

10 < Ra €51K0
1k < Rp S 51k

1
fmin = [T593)(1 + 2(31)) x 10° x (0.0 x 10-7)

= 1.40 kHz

1
= [0.693)(51 +2(1)) x 10° x (0.01 x 10~%)

=272 kHz

Jomax

or 1.40 kHz € f € 2.72kHz

Duqcyclo-.ﬁ"'_z%.xloo%

1451
T+2(51)
or

5141
——— 94a.
Tran <% =01%

or 50.5% < Duty cycle < 98.1%

— . 100% =_9_5_5_

15.58

v+ —3Vgm

¢ In=lIs= Ria+ Ry

Assume Vgg = 0.7

In=fm=n-—“ﬂgﬂsﬂ.393m.&

25 + 25
Now
Iey=loi=Ics =lcsm (%)(0.398)
Jos=Igy = Igs = Ige =0.37T9 mA

0.398 /20
Iy = loy = —— o (21) =» o =Ics=0.018 mA

Solutions Mapyal

b. Ip=0.398 mA, curreat in Dy and D3

Vgp =2Vp =2Vrin (II—D)
5

0.398 x 1073
= 2(0.026)In (7:1?'——')

or Vaa = 1.149 V = Vagr + Vem

Now

Icr=lov+Ics +Im
Jocy = 0.3T9 mA

20
Im=Ics = (21)133

So
Igy = 10509 = 1.05 I"’)
100
100
Ter=lou+ (1 05)15' + Iga

= Icy + (986. 24)( )Ic;
So for = 0373 mA + 10i1ca

and

Veer = Vrln(I;T) Veas = Vrln (Im)
5 Is

Then

1.149 = 0.026 [ln (I‘") +h (I"')]
i Is
Ica(0.379 % 107%) + 1011,-:.]

{10-12)?
(1079) exp (44.19) = 10103, +3.79 x 10 [y

44.19=1In [

1.554 % 10”7 = 10113 +3.79 x 104 Ica

o = -3.79 x 10~
€= Ta001)
s /(3.79 x 10=4)* +4(101)(1.354 x 10-7)
2(101)
Icy = 37.4 pA

Icr = 0.379 +101(0.0374) = [z = 4.16 mA

foy =416 - 0379 -0 0374(2;)

Ipg = 3.74 mA

c. P =(0.398 +0.398 +4.16)(22) = =109 mW



Cha 15: Proble ions

15.59
3. Prom Pigure 1547, 3.7 W to the load

Vo= VIR P =/210)3.7) = Vp =86 V
15.60
1ve
F‘zﬂ

0 Vp = V2RP = /2(10){20) = 20 V

peak-to-peak output voltage

Maximum ourput voltage of each op-amp = +10 V. Current

is {20/10) = 2 A. Bias op-amps at £12 V.
vy R R,
Fordy, —=[14 =] == =2
r Ay v ( +Rl) 158 = s 14
Ry

=l===15

R
For example, let B, = Ry = 10 k@, and R, = 140 k2
l.ndR4=150kﬁ.

For Az,

15.61

1. M =l'Rz+wWhﬂ.‘ei=—;-!-
!

Thea
w:=vr(1+ﬁ—:)
Now
T -1
voa = ~iRz = w(m)
So

o= = = or {14 22 = ()]
.

BTR
R: Ry
. W Ay"—'l{) — —
b ant #Rl+Rl 9
R\ _ Rs
Aisowmt(l+ﬂl)-ﬂ—l
Ry ( R,)_ Ry _
Thm&-}- 1+R —-9soRl--1.
For B = 50 k¥, B; = 200 ki
and
Ry

E—Sm&;=250kﬂ

e¢. P=

B
ls

or
Vp = V2R P =+/2020)(10) =20 V

Sa peak values of output voltagss are
|vas| = I&"lnl =10V

Pu.kloadcurrant-—-%%:l)\

15.62

vog = 2 *_E‘_(J,&)
Nz = R, Yoy = R,

”L=V0|""-’G2=(1+§:)(1+ %)w

80
AT
Ay—-(l-i-—RT)(l-l‘Ra)

b, Wam (1 + -ﬁ—*), = lvoa| = vzl = Ry = Ry
1

Vp = V2R, P = /2(8)(50) =283 V
=-peak-to-peak load voltage
Then

lo1| = |vor} = 14.15 V

Loadcurrem==—::—3=m

15.63

. , avy
Line regulation = N3
Now

AVT
Al = T and AVz =rz - Al and AV, = 104V
So
. v
AV =10 rz- T,
So
AVe _ 10(15

Line regulation = 7375 = <5300

= 1.61%



Electronic Circuit Analysis and Design. 2* edition

Solutions Manuat
15.64 15.67
= 4% . . AW
Ror = Al Line regulation = AvT
. -3
So &y = Z(Z10x107) Now
! AVer = Ales - Ry
or
Roy =10 mQ}
and (—&i—)(ﬁvﬁ) = -&VBT = ﬁ]cafﬁ
15.65 Rz + Ris
Bor Vo = 8 V and Afcs = AV - Alz-rz
V+(m.in]=%+fg(ma.x)ﬂu + Vag R‘;:‘ R:+ R, ‘fl +R: + R
+ Vagio + Vess and Afz = &‘_o where rg = I—:
This assumes Vees = 0.
Then

Then
V* (min) = 8 +(0.1){1.9) + 0.6 + 0.6 + 0.6
V*(min) = 9.99 V

15.66
— _ Vz - 3Vee(npn)
v Io=los = g R+ ks
lea=les = §.3-308) 0.571 mA

0.576 +3.4+3.9

17 0.6
Ien = E(E) = (106 mA
Neglecting current in (s, total collector currenr and
eminter current in (s is
0.871 4+ 0.106 = D.677

Now
Iz Ry + Vgau = VEss

Vsm = VT In (Iﬁ)

Is
Viss = Vrln (.{9‘_1)
2
Then [z: R = Virln (Iﬁ)
21z
0.026 0.677
By=S7 o (2(0.25))
or
& =31.5Q

b. From Example 15,16, Fy, =343¥F. Then
Rl-‘! )
——— Vo = V3 =V,
(th + Rl:\ (] ge ar
or

2.23
—_— = 3.43
(2.23 +Rn)(12) *

3.43(2.23 + Riz) = (2.23)(12)
which yields

Rz = 5.57 k2

(0.4288)(AV) = Alcy(3.9)

0.013

= [3.9)612(?.'3'7'6)

50
Tg = G'ST = 87.6 k}

Then
88} AVe) = (0.00743 av?
(0.4288)(AVh) = (0.00743) | ==
So
AV
7T = 0.0198%
15.68
4. 1 355 =10

z = Rl +rz
20

SoR +rz= 1—0=2kﬂ=R1 +0.01

=R =199k

b. lnlheldulca.sc.

Rs + A, )
Bt R Ny
(Rz+Ra+R4 ° z
(__.2"'1 )v:,:s:»w,=s_e7v
2+1+1

and

A
VU=V
(m+&+m)° z

1
R — = Vo = v
(2+1+1)V“ $=W=2

So

§67< V% 20V



Chapter 15: Problem Solutions

v

il
2
A

1|

3 3
V1=Z-VE| 30U¢=5—z“’5

and Vo = Aorva — Vag
. Lo ™
and Vg = Vrln |+~
Is,

Now

W"—'AoL(S—%'%)—VBE

3
VE:(I + e AoL) = 3A¢L — VBz

Vo = 5A0L — VaE
1+ I'Aor..
. Vo{NL) — W(FL)
Load OOMN 5= m— e
regulation To(NL)
540 — Vae(NL)  5Aer — Var(FL)
{1+ $4az) {1+ $Aar)
5Aor — Veg(NL)
{1+ $AaL)

Iy({FL)
_ Vas(FL) - Vag(NL) _ T (1)
S5Ag. - Vee(NL) ~ 3Aor — Ves(NL)

v 67
Yo _ 88T st ma

L(FLY=1A, = =
o(FL) LiNL} = Ra = 1xn
1
{0.026)In (___)
) 1.67 x 103
Load regulation =
feguiatian 5(10°) = 0.7

= 3.33 % 10™'%

15.69
f,=;_‘:=5?ﬁ=112m‘k
fo =~ 1513'!5: Gg_?)“ 1)
= fp =1.109 mA Load current
Bor

Vec=0=>Vo=20-V2-06

=20-56-06
+]3
Vo =138V
Then
Ve 138
- — i — R: =124 k00
Re= =195 =t
S0

0< Ry <124k



