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Chapter 14

Exercise Solutions El43 »
a. Act =

El4.1 [1 * (5:7)(5”1

"’lau(m“x) =V Vg (sat) Vo

= Acy = -49.949
Viae(min) =¥~ +V, (sat) + Ve, (sat)} -V, ; )
We have: p, dAcr _ g, Bl ddcr a0
R 2 . 2 AcL 3x 101 Actp
Luge =100 4d, k=380 14/V?, k=40 yd/V?, s
W Ace = : = Adcr = ~49.943
—) =25 + __2_1___1
L £35 % 108
For M:
I, =so=[iz'i 25V, +¥,)’ El4.4 o
s Acp(ideal) = TR =15
S0 50=500Vs5, ~05)" =V, = 0816V Within 0.1% = =25 + (0.001)(25]
;r:,(m:)ﬂms—uj:oslw = Ay = —=24.975
en —25
Vo (max)}=F"* -0316-0816=F* -113¥ — 24375 = gy
For M, : [1 + I;,_']
80 % _ -3
"D =100=[? ZSXVGS4"‘VIN)Z Aol - —24.973 1 =0.0010
Aop = 25.974
So 100=1000(V,;, —05)" =V, =0816V s
Vos{sat) = 0816-05=0316F
Vg (min)=F- +0316+0316-0816=F" -0184 El4.5
So L Acy = Acric)
V- 0184 Sv,, SP* -L13V 1+ [M]
Agr
El4.2 Aci{m) = 1+&.'=1+£§.=100
v, (max)=F" - ml(m)"ymw(m‘) 100 B, 5
v,(min) =~ + ¥, [saf) + ¥, (sar) Act = :@ > Agy = 09.90
Now 105
50 ACL!OO) =100
Ver =V = ’st: 0816 ¥
dAceL 100
Voy(sat) = Vo, o(sat) = 0316V o S 0xE s 0.01%
So v,(max)=F* -0316-0316=¥* -0632 Acr = 99.90 — (0.0001){99.90)
Also - = Ag; =99.89
Vigse = . [m——r +05 = 0;
ase = | RO72)(25) +05=0724V E14.6
100 Aci(oo) — A A t
Vass = J—————+05=0816F feLlo) ~Aer _y _ _AcL
o (80/2)(25) Agp{oo) ! Acip(oo) ' 1+ Ace{oa)
Voss(sat) = 0.724-05= Act
P ) 5=0224V L, Actlos) Ao (o0)
Vosa(5at) = 0816-05=0316F - —
S0 0.001 = Acl = Agy
So v,(min) =V~ +0316+0224 =V~ +054 y 4 Aczloe) | Acu(oo)
Then Acy AcL

V- 40545y, SVY 0632V
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0.001 = 0.999 - %ﬂ
L

g
0.001 0.001 ,
Aci{o0) = goas - Ao = oge - (10°)

= Acr{oc) =10.010

ar
Ace = (1 —0.001)(10.010)
= Act = 10,0
El14.7
a Por Ry =0
i1 1 o 1
R = 10 + 10(14—1{) }=0.1410

=-R.I=1D—zkﬂ=lﬂ

1 1 1 1410 +1] ~
BRSPS N % [_:"__+]=_+

Ry 107 10 14141
R.—;=3x10‘“kﬂ
= R;=30
El4.8
2_(3_-'&)
1 Rl
Ol
[} il—lo‘—lxlﬂ
iy 10 -3
b :1_104-"1‘10
El4.9
. 40
40(1 410} +99} 1+ —
Ry = (T
1+-'i-
~ 4 10° + 4.089 x 10°
- 100

Ri; = 4.04 x 10° k1 = Riy = 4.04 M0

E14.10
Voltage follower Ry =0, &) =
Ry = Ri(l + Aoz) = 10(1 45 x 10°)

25 % 10° k= Rif = 5000 MQ

10'
3(10)

El14.11
R
—= == 100
I+R|
1 1 f1e*d _
. E'Tﬁ[lm]‘m

1 1 {108 2
= — || =10
L T [100]

Roy =107 k2 = Ray =100

Solutions Manual

El4.12
From Equation (14.43)
A
ACL(f‘? = < Lo
1 +j' _.._f—
frol{AafAcio)
= 5 _ 25
L+ /

a Por f =12 kHz

%'_9— = 25 = vg{peak) =1.25 mV
I

b. [ = 20 kHz

—_—= % .25 = wp(peak) = 0.334 mV

¢. f = 100 kHz

vo _ 25 _ 25

=y =0.245 mV

= 4.90

El14.13
Full-scaie response = 1 x5 =3 V

El4.14

L]
. FPEW = SR _063x1i0

2rVp(max) ~  2=(1)

FPBW =1.0x10° = FPEBW = 100 kHz

0.63 x 10°

b. FPBW= 22 (10)

=1.0x 10

N S S S—
B/ Y ZTxi100
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El4.15
‘ fr_ (10%)(10)
fiep Acie = %0 = 20 kHz
SR
fmu = fldB = m)'
SR 0.8 x 10f
Ve = =
o{max) T Foas  Zm(20 % 109
= Vo{max) =6.37 V
El4.16
Is2 1.85 x 101
]Vusl = V‘rltl (IS1) = (0.026)1!} (W)
= Vog =203 mV
El14.17
We need

ict = iga, vEcy =vEey = 0.6V, and

vem = vegp = 10V

By Equation {14.60(a))

crminlon ()]
=infee (2)](+ %)
By Equation (14.60(%))
ominlen (3213
-in oo (52)] (4 57)
Is1 = Isz2, take the ratio:

vpg1 — VEEZ Isy
i ( Vr ) = Isn

vpp —vgEs = Vos = Vrln (lﬂ)
Is.

= 0.026 - In {1.05)

= Ws=12TmV
El4.18

v. =l |fo [8K

=2 \2k, | K,

0.020=+- EP..(&)
2 ¥2(50) \ 50

= AK, =163 pd/V?
AK, 163

=% 10 3260
X 50 %

Chapter 14: Exercisc Solutions
El4.19
R +
—_—— VT =5 mV
Want (Rs - R.) m
Re € Ry 30 &x vt = 0.005
R,
Re = (QO0SMI00) _ 45 v
10
= Rs = 300}
E14.20

R, = 25)11 =0.9615 k2
R, = 751 = 0.9868 k0
For [g = 100 pA = 107 = tor = 30 uA
From Equation (14.75)

50 x 107°

) -+ (0.0505(0.96159)

= (0.026)In (ffi) + (0.050)(D.9868)
54
0.58065 + 0.048073

={0.026)In (}ﬁ’-) + 0.04934
54

In (E) = 722284
Ise

50 % 10°°

= 4.7625 x 10°
I:‘-&

Jzg =105 % 1071 A

El4.21

From Equation (14.79)
vo=ImRi—ImRy (1 + %)

1
Por vy =1

0= (1.1 x 107°)(100 kR2) = (1.0 x 107%) Ry (1 + 1;;00)

Ra(11) = (1.1){100 k) = Ry = 10 kO
E14.22
a. v =Is Ry = (107%){200 x 107}

=1y =020V

b R = Ril|R:[jRs = 100]|50200

= A, =286 ki
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Chapter 14

Problem Solutions o

= A:{ = ~4,92
1 1+ 107

14,1 1 =
.E:_m.p—m = Ry =9890

k& c. For R = 100 k1
T
Aep = - —{1/20)
_.l._ + _!'_. L + L 4+ _L.)
100 ° 1933 20 ° 100 100

_ -0.05
T [0.01 +7 x 1073]

ar
‘= Acp = —4.965

1 1 1+ 10
— = e —— = R, = 99.8 0}
R'/ 10{]+ 1040 _f__-

14.2

2,
So
wo_o_ . fr 1
R w[ﬂz + AoL (R1 + Rz + R.‘)]
Then
vo =(3/Ry) -
Za O SN = Aok
Ry Aec\R:i Ry K
Erom Equaticn (14.20) for B, = oo a0d R = 0 ( )
4l 1 (4w dg 2 Yem et R
Ry R s 1 K 1+_.1..[;+£1)
A\ R
For the ideal:
2. Por Ri=1k 1+£1_ =£=5{)
R} 0002
Aci = 1= 1-(11/201 — v,{actual) = (010)(1- 0.001) = 0.0999
(1)) e S0
_ ~0.05 —— = — =4995
= 1001 + 1.06 x 10-3] 0002 1. (50}
or which yields
= AEI = =452 ‘{OL =1000
1 _ 1, 1+10° o
-R—._;-—I‘l“‘—ﬁ'a'_g‘alg—gn-sﬂ 143
Ay 1
b. For R: = 10 k2 A,,.—"“- R, R
i —(1/20) ! ¥ 1 1 1
Ac‘. = _+—+""'
_1._+_1.;(_1_+_1_+L) R, R, R
100 10\ 20 © 100 © 10 or
~0.05

=01 +16x 1071
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5x10° 1
1100 —{4.99999x10%)
» o= o=

ol = (l 1 ) ¥ 1 ¥
10 1 100

v, = —4.504495x10" - v,
Now

A Y=Y ok

v, Ry

Then

v,—v = KRy,

which yields

l+5:t.'10’+-l—W
— 10
TART™ R
10 100 ]

={01)+{00 1)[22111‘1& = 4515495

Then

= v’ - v’
Y = [a515495){10) + 1 4525495
We find

= —4.504495£10°| i
Vo = —4304495x [4525495]
Or

A, =22 = 99536

(

For the second stage, R, ==

5x10° 1
v, = 11 1100 ¥ = —4.950485x10° - v
e —
[1 100)
3
Kutr | 10 1 4061485
10 100 , 1
100
v v ¥

’ ol

V= —t —ol =
' KR +1 (4961485)(10)+1 4971485
Then

3
Yy _ A950485x10° o g57v6
V. 4971485
So

=Y _{ 99536)(-9.95776) =
A, " { ) )
A, =9912

Solutions Manual

R:+R R Ra

1 1 1 _ W ¥
y‘[R3+R;+ﬁT+-§;]_R;+R3+R.
) vy == Aarvd | Mo =1
_— =0
&t R TR

Y s il Y W
““(RHR.) &
So substituting numbers:

+,1,+_1-]

1 14 iy
“lTo+20 " 10 40

=W lo+20
or

v1{0.15833) = v5[0.025} + ¥7(0.03333]

1,1 1] _n, (10%m
|3 W)W Tos

ar

vo[3.025] = 11 [0.025] + {2 x 10*) w4

vy -~
= . =10, T -
v (10 s 20) 20 6667 (pr — 11)

So

vo(3.025] = v [0.025] + (2 x 10*)(0.6667)(v1 — v1)
ar
wo[3.025] = 1.333 x 10%»7 — 1.333 x 10" i

(n

e

3)

1

@

£)]

2)



Ch 14: Proble lution

From (1)}

vy = v (0.15T9) 4 vr(0.2105)
Then
o{3.025] = 1.333 x 104,
— 1.333 x 10*[1o{0.1579) + v;(0.2108)]
v [2.1078 x 10°] = »r{1.0524 » 10*)

or

AcL = 2 =499
vr

To find R,;: Use Bquation (14.27)
. 0.5 + E
' (T

lt+
11 0.5 0.5 0.5
""‘{(m+40)(1+T+E)"(4g}=}

(10 ) g
40

i7(1.5125) = » {(0.125)(1.5125) — 0.0003125} — 25w,
or

ir(1.5125) = v7{0.18875} — 2554
Now

ve=irRi =i:(20) and vy = v; — (20}
So

ir(1.5125) = [ur — ir(20)] - [0.18875] — 25ir(20)
7{505.3] = »1(0.18875)

or

l.'—r = 2677 k3
LY

Naw Riy = 10+ 2677 = Ri; = 2.687 MQ

To determine Ras: Using Equation (14.36)

A1 b Aw T S (A
t T R ) o5 40
J; 14— —_
R 1+ Top2e
ot By =350
Then Raf =1 kn||35 v}
= R'°E =1490)

b. Using Bquation (14.16)

dAcL _ S dAci _
A_CJ'-._ = (—10)(103) = A_ = —(0.05)%

14.5

vog — AaLbd |, Vo — ¥

7 + 3 I =0andvi=wr—m
So
vy AgL vy
— e it - - —— =
T 7 (v u°)+R. R
1A 1] [ Aw
%) E‘F R +Ri = vr &+ Ro]

a0y ] fa (oY)
volgz T oz T lom) ‘|00 T Te2

v0[3.000501 x 10*] = »7[5.000001 x 10*]
S0 Acz = =& = 0.9999
v

b. Setwv =0

l.o='vb-AoLlH+1¢L

Ra R W=
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14.6
Yo
low
&) —NN N
=i
1 —
p e -—V\‘?\i}\;—* v,
> <
= "“AQLU‘
Vl’l"”l+|"ﬂ"vl b=
20 10 40
vy b2 % (1 1 1
zo*‘m"'m‘"‘[zo“"m"’m]
andwo=-AuLmsothuv;=--L'L
AonL
Then

1 1 7
¥ (9.05) + rr2(0.10) = —W{E + FSLER (m)}

= ~1[2.50875 x 1077
= g = —1.9930 77 — 1.986u2
Aw _2-1993  Aw

” 5 —_— = 0.35% |
14.7
Hag
ol
T — AN
-U.’-
ok
40 4
= (gtm) = (§)n = oo @
[t Bl N S L]
10~ 40
wom_, (1,1
0T 10 ’”“(10 + m)
21(0.1) + vp(0.025) = #4(0.125) @
v = Agrwa = Aarlve — va) (3)

148

o

v = Aogr[0.812 — va)
o
S 0By, = —
AoL b2 Va
vo

= vy =08 —

Ao
Then
1y (0.1) + #(0.025) = (0.125) [D_ﬂ”2 _ve ]
AaL
w1 (0.1) = »2(0.1) = —vo [0.025 + ———0135]

-ve[2.5125 x L077]

[

=> Ag = = 1.9801
L Tl |
AAg 0.0199
i = = 0.4973
Ad 4 497 %

a. Considering the second op-amp and Equation (14.20),
we have

101

=0.10 + ——(0-1](11)

S0 Riyz = 0.0109 kO

The effective load on the first op-amp is then

Rp1 = 0.1 4 Ripz = 0.1109 k2

Again using Equation (14.20). we have

1
L1 1 IO IR ey 00T
Ry w071 ;1 1 o 11.017
0.1109 T 1
so that
R.E=99.lﬂ

b. To determine Roy:
For the first op-amp, we can write, using Equation

(14.36)
l_ Aoz _ l . 100
n R | 1 A0
1+ ®7E 1+ 1o

which yields Ros1 = 0.021 ki?



haj 14: Proble tions

1 1. Aor
Roy Ra 1+ R;
(Rr + Rep I Ks
1 100
=TT
U+ G

or Roy =18.4 0}

¢. To find the gain, consider the second op-amp.

M1 -!—Ua! + Va2 _ —Waz — ¥m

0.1 R~ 0.1

o1 1 1 1Y _ w2
"'""(0.1“'10"'0‘1)‘ a1

vo1{10) + v42(20.1} = —woz2(10)

Vo2 —Aul"f;- voz — {—va) -

B T o1 0
w2 100 1 L 7] _
1"""(1 0.1)+E'1"u
vo2(11) = vaa(30) = 0

or
vaz = wga{0.1222)

Then Bquation (1) becomes

var(10) + ro2(0.1222)(20.1) = —woz (10)
or
g = —Unz(l.Z'lﬁ)

{0

2

Now consider the first op-amp.

{ T
3]
QLK
lz.‘,;.‘_=
[=I-TT- 8 4
vr—[—va) a1 _ b1 — bot
1 tR < i m
1 1 1
- —— - | = — 1
U[(l)+v.ﬂ(l+10+l) U )
or
prll) + v (2.1} = —wgi (1)
oy vpy ~ Avrvar | oy — {=ba)
= 2
0.1109 Ry + 1 0 @)

1 11 100 1
""1(0.1109 1t 1) -"‘“(—1' - T) =0

301(11.017) - Pdl(gg) =0
or
ryy = 901(0.]113}

Then Equation (1) becomes

pr(l} + v (0.1113)(2.1} = —vn
of vy = =1 (1.234)

We had o01 = —vga(1.246)

So vy = ma(1.246)(1.234)

or 222 _ 0.650
P

d  Ideal 22 =1

vr

So ratio of actual to ideal = 0.650.
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Thaapeal.dopwncmbewrinenu
Ag

AY AN,
1+JIfPD)(l+J'5xw°)

where Ag = 2 x 10%,
The closed-loop response is

Ao (f) = (

AcL
A =
€L = T AL
At low frequency
2 % 10°

100 = ————
1+ 8(2 x 10%)

So that § = 9.995 x 107%,
Assuming the secand pole is the same for both the open-loop
and closed-loop. then

e () ()

For a phase margin of 80°. ¢ = ~100°.
So

- —90 - tan~* | —£—
- 100 = —90 — tan (5xm=

or
f = 8.816 x 10° Hz

Then

jAerl =1
2 x 10°

- 8. 10%y? . 8y 2
1+( 816 x ) L+ 8.816 x 10
fro 5 x 10°

8.316 x 10°
fro

ar

= 1.9696 x 10°

frp = 4.48 Hz

14.10

(a) 1% stage

(10)f,.0 =1 MHz = f, 5 =100kHz

y stage

(50)f,.g =1 MHz=> f, g =20 kHz
Bandwidth of overail system =20 kHx
(b) If each stage has the same gain, so
K =500 K =2236

Then bandwidth of each stage
(2236)f, o =\ MHz = f,_p =44T kilz

14.11
St}

1+ j——
frm
A

-]

7Y
“[fm]
sx10*

10* Y
1+ -———)
fra

re

=

200 = = f,La=40H:

Then
fr=(5x10"'}40) > f; =2 MHz
14.12

(5%10*) frp =10° = fp =20 Hz
(25) /- m10°=> fra=40kHz

P S 25
1+ 5L 1+( f )2
fra 40x10°
At f =05f, o =20 kHz

25

4,|= TooT =2236

At f =2f, 5 =80 kHz

- 25 =
IA‘-W 1118

14.13

(20x10%)-|4,]  =10°= |4,] . =50
14.14

From Equation (14.55),

SR 10x10°

FPBW = oo = S0y

FPBW = fuss = 139 kHz
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14.15 Foc input (c), maximum output is 0.5 V s0 the output is
A Using Equation (14.55),
Veg = —BX 10¢
2x{250 x 10%) o.5
. ol \
- Ve =308V : .
i _L_gug\ 7 s
b.
_ 14.17
Vil For input (a), max|ues] = 3 V.
Slope =TSR
Py ° [ *'CH”,L 2o i
] A i
J |
© ! i
= I ,
) - . -3 L5~
- N R S - Then bmal,,, =3(3) =9V
wr-f—250x103 =4x10""s
One-fourth period = 1 us
qu [~ 3
BN ewe— LI _— V
Slope Tos SR=8V/jus Il
= Veg =8V i
14.16 T ‘
For input (a), maximum output is 5 V. !
-7
SR=1V/us
For input (b). max|ve;| = 1.5 V.
0
5 l o "‘C"":’gg = 25
1
T - I }
) 1 !
: | T"-t ! !
! 3 —ih b £S
5 fo o 15"
Ceus) Then [vozl,,, = 3(1.5) = 4.5 V
For input (b), maximum output is 2 V,
- 1Y)
ot Ny 1% za5
] L [
4 i ! |
] ]
= |/ | s |
| " : )
2 9 i -4, —
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14.18

Srur =20 kHz, SR=08V/ us
__SR___o&xi0®
28 e 2n(20x10°)
V,=63TV

4

o

14.19
VBBI

I =1, mc({ v,

Want [, =/,, s0

5x107*(1+ x) exp(%i)

T

5x107™(1-x) mcp[yﬂ"—‘-)
Ve
Eg_m ~Vegs
(1-%) °""[ v
Vg = Vg, - Yg_s__
0.0025
=110

”“{ 0026 )

Now

1+x=(1-xXL10) =
x=00476 = 4.76%

r

¥
)- I,=I,,exp[%

N

i

ful
1,

=1l=

(1+x)

14.20
From Equation (14.62),

Ve gL vegs
14+ =2 1+
—Vax | = Iss | __Van

1+ 222 Ise | g4 2Bt

Var Var

Forveg; = 0.8V thenvgcy =5 V. Wehavevepy = 5 V

10
5 0.8
3l o B
1+80 1+BO

or

2
Isy _ (108257 _ o,

Ise — {1.0073)°

So

Iss = (10714){1.112)
aor
Igs =1.112 1071 A

14.21

F S R VA VAV VAN

By superposition:

v,(¥:)
v{v,)= (1 +

So

v, =v(v)+v,(v,) = -50v. +51v,
Forv,=20mV and v +25mV

v, = —50{0.02) +51(0.0025) = 08725V
For v, =20m} and v, =-25mV

v, = =50(0.02) +51{-0.0025) = ~ 11275 ¥

So
-11275sv, £ 08725 V

—-}E‘-- v, =—50v,

—Rl]‘vu =351y,
R,

14.22

+

TN

Lo

W




Chapter 14: Problem Solut

14.23
1.

1
Il"nﬂ = 10(1 + %) or jpor| = 110 mV
Thea

eat = wor|(5) + 1014+ 20} = (110)(5) + (10)0s)
or
Iboz| = 610 mV

14.24
ve dus 0 ¥y

= (0.5)(1 + 11—1) =09545 V

Wiper arm at V't = 10 V, (using superposition)

" = (%)(m) = (%)(m)

= 0.090
Then vo; = —-(%) {0.090) = —-0.090

Wiper arm in center, i = 0 and w03 = 0

Wipgramat V™ = =10 V, ©; = —0.090
So

ma = 0.090
Finally, tots! output ro: {from superpositon)
Wiper arm at V*,
v =08645 V
Wiper arm in center,
g = 0.9545 V
Wiper arm at V™,
vp =1.0445 V

14.25
8. Rl =R;=05]25=0490%k0

or
R = =480 0}

b.  From Equation (14.75),

125 x 10~*

{0.026) ln ( —

) +{0.125)R;

125 x 10~° ;
= {0.026)In (W) + (0.125} R

0.386452 + (0.125) R} = 0.583974 + (0.125) 3
0.002478 = (0.125)(R: — R})
So R, ~ B, =0.0198 ki1 = 198 Q2

Then

Rz[l —_ S)Rg R]_IR:
Ri+(1-z)R: Ri+zR;
(0.5)(1 = z)(50) _ _(0.5)(50)«
{0.57 + (1= z)}(50)  (0.5) + =(50)

25(L - z) 25z
50.5 — 50z 0.5+ 50z

= 0.0198

= 0.0193

=0.0198

(0.5 + 50z){25 — 252) — (257)(50.5 — 50z)
(505 — 502){0.5 + 50z)

= 0.0198
25{0.5 — 0.5z + 50z — 502" - 50.5z + 502"}
= 0.0198{25.25 + 2525z — 25z - 2500z° }

25{0.5 — z} = 0.0198{25.25 + 2500z — 25002” }
0.5 - z = 0.019998 + 1.98z — 1.98z°
1.982% ~2.98z +0.48 =0 _
2.98 % /(2.98)° — 4(1.98)(0.48)
2(1.98)

r =

So

and
1—z=0.817

14.26

R, = By}l15 = 0.5[|15 = 0.4839 kQ
R, = Ri||35 = 0.5|35 = 0.4930 k)

From Equation (14.75),

(0026)111( ) +ic R -(00‘26)1::( )+s..—=R,,

(0.026) In =icaRy —ic1 Ry

=
(0.026)1a ('—c—‘-) '°‘=R=[1 -2 ﬁ]
(

107 ic2 R';
)

(0.026) In ‘c;) = ic2{0.4930) [1 -(0.9315)(%)]
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By trial and arror:

1ot = 252 pA and icg = 248 uA
or

€ 10155

12K / &
+-
ﬁ
‘ o . 7

Por Ig: = I A, then vy = —(107%){10%)
or

y=-0010V

b. I a 10kl resistor is included in the fecdback loop

low

4

Now v = —Ip2(10) + [p1(10) = 0

Circuit is compensated if /gy = Iz2.

14.28
From Equation (14.83), we have

vg = Ralas
where R; = 40 k{1 and fp5 = 3 pA.
Then
v = (40 x 10°}(3 x 107°%)
or

vw=012V

Solutions Manual

14.29

a. Assume all bias currents are in the same direction and
into each op-amp:

vey = Im (100 k) = (107°)(10%) =y = 0.1 V

Then

o7 = vor{—="5) + ;{50 kfl)

{0.1)(—=35) + (107*) (3 x 10%)

=0.5 + 0.05

or
voz = —0.43 v
b. Comect Ry = 10J|100 = 5.09 k) resistor to nonin-
verting terminal of first op-amp, and Ry = 1050 =

$.33 Q) resistor to noninverting teqminal of second op-
amp.

1430

a. Por a constant current through 4 capacitor,

l [ 4
vg=-c—'[° I dt
0.1 x 10~°

—m—:c——ot#uo=!0.1!t

ar v =

b Att=10s, m=1V
c. Then

106 = 10~?
10-%

Ati=10s, w=1mV

vy = -t=>vg=(lﬂ-‘)t

1431

4. Assume all biax currents are into the op-amp.

vor = I51(50 k) = (10 x 10~°) (50 x 10%)
or

) =we=05V

a3 = (=1}(von) + (10 % 167°) (20 x 10°)

or

woy = —=0.3 v

b. Ra = 1050 = R, =18.33k0

R =10]20 > Rg =100



c. Assume the worst case offset curreat, that is, les =
I = Is2 ot fos = Ioz = I,
From Equation (14.83),
voy = Ralos = (30 x 10°)(2 x 107%)
ar
v =vp =01V

voa = {~1)vo1 — los Ra
= (=1)(0.1) — (2 x 107%} {20 x 10}
ar

pgy = —0.14 v

14.32
a.  Using Equation (14.79),
Circuit (a),
va = (0.8 x 107%) (50 x 10*)

- {0.8 x 107*) (25 x 10%) (1 + 2—2)

ar
v =0
Circuit (b).

vo = (0.8 x 10™*}(50 x 10%)

—{0.8 x 107%) (10") (1 + -55)
50
=4x1077 ~ 1.6
or
wm=-15V

b. Assume [g; = 0.7 zA and [z2 = 0.9 uA, then using
Equation (14.79):

Circuit (a},
v = (0.7 x 107} (50 x 10%)

- (0.9 x 107) (285 x 10%) (1 + %)

= 0.035 — 0.045
or
vg=—0010V
Cireuit (0),
vy = (0.7 x 107%) (50 x 10%)

- (0.9 x 107*){10%) (1 + %)

=0035-18
or
wo=—=1.765 V

14.33
. U R=0

100
Vo, max = (1 + E‘) Vos + Is(100 k1)

= (11){10 % 107 + {2 x 107%) (100 = 10*)
Vo.max = 0.110 +0.20
= g max = 0310V -

b.
V-“'
] v
ot lok
- e -

—

=
V- = %
Q

3

R=10.1J100 =317k = R
14.34

R;
_— = 0.010 V
1 (R.‘+Rz)(15} 0.01

15
15+ R;
15(1 — 0.0006667) = 0.0008667 7>

Then

= 0.0006667

R = 22.48 MQ

b. R =RijjRr =15]10 = &; =6Lk0
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14.35

s, Assume the offset voltage polarities are such as to pro-
duce the worst case values, but the bias currents are in

Use superpoaition:
Offset voltages

100
|vor | = (l + —H)(m) =110 mV = |v01]

lvea| = (5)(110) + (1 + El-g-)(m)
= ]vo: =310 mV
Bias Currents: .

vy = [5(100 k2} = (2 % 107*) (100 x 10°) = 0.2 V
Then
vz = (=5){0.2) + (2 x 107°) (50 x 10°) = —0.3 V

Worst case; My is positive and vz is negative, then

gy = 0.31 Vand pgg = 151V

b. Compensation network:

If we want
ﬂ_)v+=2omvuﬂv+=mv
Rp + Re

8.33
ti— 0} = 0.020
(3.33+Rc)(1} 0.02

or

Rc2415Ma

14.36

Assume bias currents are in same direction, but assume po-
larity of offset voltages are such as to produce the worst case
output.

a. Lat Ia; = 5.5 HA, Iag = 4.3 #A

Bias Cwrent Effects:

Yoy = .{31(50 kQ] =0.275 v = g2 = 0,273 v
voa = Im (20 &k} — vor = vaa = —0.163 V

Qffset Voltage Effects:

50
Vo = {5)(1 + E) =WmV =t =0mV

20
wg3 = =01 *5(1 + 2—0) = vp3 = —40 mV

Total Bifect

vy = 0.305 V and pop = 0.305 V

voy = —0.205 V

14.37

For circuit (&), effect of bias current:

vo = (50 x 10°) (100 x 10™°} = $ mV
Effect of offset voltage
50
= —] v
" (2)(1 + 50) 4m

So net output voltage it pp = 9 mV
For circuit (b), afect of bias current:

Let [gz = 550 nA, I31 = 450 nA , then from
Equation (14.79), '

ve = (450 x 107°) (50 x 10%)

- (550 x 107°){10%) (1 + 5'3)

50
=228 x 1072~ 1.1
or
vo = =1.07T7T8 V

If the offset voltage is negative, then
vy = [=2}{2) = =4 mV
So the net output voltags is

v =—10815 V
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14.38
3. AtT =125°C, Vs = 2 mV so the output voltage for
each circuit is
w=4dmV

b. PFor T = 50°C, the offset voitage for is

Vas =2 mV + (0.0067)(25) = 2.1675 mV

30 the ocurput voltage for each circuit is
vg = 4335 mVY

14.39

a2 AT =125°C, Wos =1 mV, then

L1H
Loy =(l)(1+m) S'Unl =§fmV

and

vz = ¥ (“‘2%) +(1)(1+§%)

= 6(4) + (1)}{4) = vy = 28 mV

b. ArT =50°C, Vos = 14{0.0033){25) = 1.0825 mV,

then

var = (1.0825)(6) => vy = 6.495 mV

and
voz = (6.495)(4) + (1.0825)(4)
ar
vgg = 30.31 mV
14.40

25°C: I'g = 500 nA, fog = 200 nA
50°C, g =500 nA + (B nA/°C)(25°C) = 706 nA
Jos = 200 BA + (2 nA/°C)(25°C) = 250 nA

a.  Circyit (a): For [m. bias current cancellation, vg = 0

Cireuit (b): For I,, Equation (14.79),
vp = (500 x 107°) (50 x 10%)

— {300 x 1077} {10%) (1 + gg-)
=0.025 - 1.00 = g = —0.975 V
b. Due to offset bias currents,
Circuit (a):
vo = {200 x 107"} (50 x 10°) = »y = 0.010 V

Circuit (b):
Let Ipy = 600 nA
1m1 = 400 nA
Then
vo = (400 x 107°){50 x 107)

— {600 x 107°)(10%) (1 + -5-9-)
50
=0,020-120=> 1 =—1.18V
C. Circuit (a); Due to [p. o =0
Circuit (b): Due to [s,
wy = {700 x 10~*}{50 x 10"}
— {700 x 107°}(10%) (1 + :—‘g)

=0.035-1.40 = o = —1.365 V

Circuit (a): Due to Jos,
v = {250 % 107°){50 x 10°) => w = 0.0125 V

Circuit {b): Due 1o fgs,
Tet [gs =825nA
Igt = 575 nA

Then
v = (575 x 107°) (50 x 10°)

— (825 x 107} (10%) (1 + 50)

50
=0.02875 —1.65 = g = —1.682V
1441
25°C: In = 2 pA, fos = 0.2 pA
50°C, Ig =2 pA +(0.020 A/ CH25°C) = 2.5 pA
Tos = 0.2 pA + (0.005 zA/°C)(25°C)
=0.325 zA

4. Duew [5: (Assume biss currents into op-amp).
voy = In(50 k1) = (2 » 10™*) (50 x 10°)

=Sy =010V

W (1 + %) +1a(60 k)

- 78(50 k) (1 + f%)
= (0.1)(4) + (2 x 107°) {60 x 10°)

- (2 x 107%) (50 x 10%)(4)
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ar
vz = 0.12 V
t. Due o fas:

1st op-amp. Let fa: = 2.1 A
2nd op-amp. Let g, = 2.1 pA
fgn = 1.9 pA

voy = (50 k) = (2.1 x 107*}(50 x 10°%)

= vy = 0.105 V
[i1i]
gz = Va1 (1 + E) + [ g1 (60 ki)

— T82(50 kQ) (1 + %g)
= (0.105){4) + (2.1 x 107*) (60 x 10%)
— (1.8 % 167%) {50 x 10%)(4)
or
vop =0.166 V

¢. Duetw In:

vor = (2.5 % 107} (50 % 10°) = vy = 0.125 V

60
w2 = oy (l-l'- 2—0) + [p(60 k$l}

— I5(50 Q) (1 + g_ﬁ)

= (0.125)(4) + (2.5 x 107*) (60 x 10%)
- (2.5 x 107") (50 x 10%){4)

m =018V
Due to os:
Lot I'py = 2.6625 pA
Iz = 2.3375 pA

vor = [8:(50 %) = (2.5625 x 107°) (50 x 10%)
= vy =0.133 Y

1]
o2 = vo (1 + -:-6) + 151(80 k)

80
~ Im(50 m)(l + ﬁ)

= {0.133)(4) + (2.6625 x 10™°){50 x 10%)
~ {2.2375 x 107*) (50 x 10°)(4)

pp =022V

14.42

R

B - fis]
vy = (Rg+R.)u“ and to(vr2) —ua(l—.— R:)
or

valvez) = ( R )(l + -&-\ vIz

Ry + R, R,
Bor v,

R
Vo(vn) = —R—: bk
Then

we (g ) (e B -
"=\ R R TR n

V.
Wecmwritaw:=Vm+T"mdun =Vm—%. Then

O Y 4
~= (w5 (&) (5 %)
Ry [ Ve
-5 (- )

Common-mode gain

1[{ B By K
_z [(R3+R4)(1+R1) * Rl]

(Em)( &) -5




Chapter 14: Problem Solutions

1 | R 1 Ra Ra
z Ra'( m)'(”ﬁ?)*&
l+-R—3'
CMRAR =
R{ 1 R‘: Ri
Ta:'(1+§_._ (”RT)"RT
I

Mimmum CM AR =Maximum denominator

=>max1mum-R—mdmnumumR— Then

Ra R
Re _ {LO2)(50) _ .
T = (ces)0) - 304
R _ (0.98)(30) _ .

v {1.02)(10)
Then

[5 204
2

Z 300 < (5.804) + (4. 304}]
CMRR = [

5.204

o (5:804) - (4. 504)]

_ L (9.6725)
{0.06447)

CMRR =750 => CMAR.z = 20log,, (75.0)
= CMRR.p = 37.5 dB

14.43

Use the results of Problem 14.42;

te B = 122 (B =4 200)
S O REEE
Then
%[%%?;_f'(ﬁ - Wz) +(1 —2r)(5)]
CMRR =

(1+2z)5
[m -(6 — 10z) — (1 — 21’)(5)]

%[m + 10z = 100z° + 30 — 10z — 100z°)
{30 + 10z - 10027 — (30 ~ 10z — 100z*)]

2]
"2"[60 — 200z i _ 30 - 10022
20z T 20z

a. PFor CMRR4sa=3%0dB= CMER = 31,623
x will be smal], neglect the x° term. Then

20z = —-i---- = £ = 0.0000474 = 0.00474%

b. For CMRR:g =6048 = CMAR = 1900, Thea

30
20z = 1000 =z =0.0015 = 0.15%



