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PROBLEMS
17.1 Classic Feedback Systems

17.1. A classic feedback amplifier in Fig. 17.1 has § =
0.2. What are the toop gain T, the closed-loop
gain A,, and the fractional gain error FGE (see
Sec. 1212) if A = oo? {b) If A = 80 dB?
{c)If A = 10?

7.2, 'The feedback amplifier in Fig. P17.2(a) has R, =
1 k&2, Ry = 100 k@, R, = 0, and Ry =
10 k£2. (a) What is S(s)? (b) If A = 86 dB,
what are the loop gain T and the closed-loop
gain A,?

17.3. The inverting amplifier in Fig. 11.5 is implemented
with an op amp with finite gain A — 80 dB. If
Ry = 1 k& and Ry = 100 k<2, what are 8(s}, T (s).
and A,(s)7

17.4. Theintegratorin Fig. 11.15 is implemented with an
op amp with {inite gain A == 80 dB. If R = 20 k&2
and C = 0.01 wF, What is 8{s)? What is T'(5)7
What is A, ()7

17.5. An amplifier’s closed-loop voltage gain A, is de-
scribed by Eq. (17.4). What is the minimum value of
open-loop gain needed if the gain ervor is to be less
than 0.01 percent for a voltage follower (Aqy = 1
with f = 1)?

17.6. Use SPICE to simulate and compare the transfer

C%) characteristics of the two class-B output stages in
Fig. P17.6 if the op amp is described by A, =
1000, R;y — 100 k&2, and R, = 100 2. Assume
V=0,

17.7.  Anamplifier’s closed-loop voltage gainis described
by Eq. (17.4). What is the minimum value of open-
loop gain needed if the gain error 1s to be less than
0.2 percent Tor an ideal gain of 2007

17.8. (a) Calculate the sensitivity of the closed-loop gain
Ay with respect to changes in open-loop gain A,
Sff", using Eq. (17.4) and the definition of sensitiv-
ity originally presented in Chapter 11:

Ay
Sy = —

(b} Use this formula to estimate the percentage
change in closed-loop gain if the open-loop gain
A changes by 10 percent for an amplifier with
A = 100dB and 8 = 0.01.

Problems 1153

Uy

Uy

{a}

(b}
Ry
Uy
(3
A
Ry
A Up
iy Ry i +
i =
m"{: - _'l:_— Ry
(d)

Figure P47.2 For cach amplifier A: A, = 4000,
Rig = 20 k82, R, = 1 k{2.
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+0V resistive feedback networle. (a) What is the largest -
value of input resistance that can be achieved in the.
feedback amplifier? (b) What is the smallest vaiue'ﬂ
of input resistance that can be achieved? (¢) Whas -
is the largest valne of outpul resistance that can be -
achieved? (d) What is the smallest value of outpug-
resistance that can be achieved?

17.3 Voltage Amplifiers——Series-Shunt
Feedback

17.15. Draw the A and F circuits for the circuit in i

Figure P17.6

17.2 Feedback Amplifier Design Using
Two-Port Network Theory

17.9.
O

Identify the type of negative feedback that should
be used to achieve these design goals: (&) high input
resistance and high output resistance, (b) low input
resistance and high oufput resistance, (¢) low in-
put resistance and low output resistance, (d) high
input resistance and low output resistance.

Identify the type of feedback being used in the four
circuits in Fig, P17.2.

Of the four circuitsin Fig. P17.2, which tend to pro-
vide a high output resistance? {b) Which provide a
relatively low output resistance?

Of the four circuits in Fig. P17.2, which tead to
provide a high input resistance? (b) Which provide
a relatively low input resistance?

An amplifier has an open-loop voltage gain of
90 dB, Riy = 40 k&, and R, = 1000 2. The am-
plifier is used in a feedback configuration with a
resistive feedback network. (a) What is the largest
current gain: that can be achieved with this feedback
amplifier? (b} What is the largest transconductance
that can be achieved with this feedback amplitier?

An amplifier has an open-loop veltage gain of
90 dB, Ry = 40 k£2, and R, — 1000 £2. The am-
plifier is used in a feedback configuration with a

Fig. P17.2{a) and find the voltage gain, input resis- .
tance, and output resistance of the feedback ampli-
fier. Assume R, = 1 kQ, Ry =5kQ, R, = 5k0,
and R, = 45 k2. :
(a) Draw the amplifier in Fig. P17.2(a) as a series-
shunt feedback amplifier. (b) Find k1., A2, i, and
hf,. (c) Calculate A = —h3 J(R; + hfl}(hgz +Gyy
and § using these values. (d) Find the closed-loop
gain. (e) Compare the values of 2f, to A%, and the
value of A5, to hl|. Ry = 5.6 kQ, R, = 4.3%kQ,
Ry =39 kS, and By = 1 k&,

Use the two-port appreach to find the voltage gain;
input resistance, and output resistance of the feed-
back amplifier in Fig. P17.17 if R; = 1 kS,
Ry =75k, B, =100, V4 =350 V, I =200 pA,
Vee = 10V, A = 50 dB, Ry = 40 kQ, and =
R, = 1kQ.

L
jRi

Figure Pay.a7

Draw the amplifier in Fig. P17.18 as a series-shunt
feedback amplifier, and use two-port theory to find..
the voltage gain A, = v,/ vy, input resistance, and
output resistance. Use the results of these calcula-
tions to find the transconductance Arp = iy/ Vet
Assume B, = 100, V4, = 50V, I = 200 pA,
VREF =0 V, and R == 10 k2.
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Rework Ex. 17.1 including &, as part of the feed-
back network (i.e., the feedback circuit will be a
three-resistor “pi-network,” and there will not be
an external load resistor, Draw the new A and F
circuits and find the voltage gain, input resistance,
and ontput resistance of the amplifier.

(a) Calculate the sensitivity of the closed-loop in-
putresistance of the series-shunt feedback amplifier
with respect to changes in open-loop gain A:

(b) Use this formula to estimate the percentage
change in closed-loop input resistance if the open-
loop gain A changes by 10 percent for an amplifier
with A = 94 dB and g = 0.01. (¢) Calculate the
sensitivity of the closed-loop oulput resistance of
the series-shunt feedback amplifier with respect to
changes in open-loop gain A:

A Ry

SRON ———
‘ Roul aA

{d) Use this formula to estimate the percentage
change in closed-loop output resistance if the open-
loop gain A changes by 10 percent for an amplifier
with A = 100 dB and 8 = 0.01.

17.4 Transresistance Amplifiers—Shunt-Shunt
Feedback

17.21.

Draw the A and F circuits for the circuit i
Fig. P17.2(d} and find the transresistance, input re-
sistance, and output resistance of the feedback am-
plifier. Assume R; = 100 k€. R, = 5 k&2, and
[\)ji‘ = 36 k&2.

Uy

Problems 1155

(a) Draw the amplifier in Fig. P17.2(d) as a shunt-
shunt feedback ampliier if Ry = 10 k2, R, =
100 k€2, and R, = 10 k2. (Note that the amplifier
parameters are in the figure.) (b) Find y/|, y2,. ¥4,
and yi,. (c) Calculate A and f using these values
and find the closed- loop tratzsresishme (c) Com-
pare the values of y[; to y/, and 3} to 3.

The circuit in Fig. P17.23 is a shunt-shunt feedback
amplifier. Use the two-port method (o find the inpul
resistance, cutput resistance, and transresistance of
the amplifier if Ry = 1 kQ, R = 1kQ, 3, = 100,
Va=350V, R, =47k, and By = 36 k2. What
is the voltage gain of this amplifier? {Note: Repre-
sent v; and R; by a Norton equivalent circuit.)

+12V

500 uA

= Ry

+
R, & Vo

Use SPICE to find the input resistance, output re-
sistance, and transresistance of the amplifier in
Fig. P17.23 and compare the resolts to those in
Prob, 17.23. C, = 82 pF and C; = 47 pF.

Use two-port asalysis to find the midband trans-
resistance, input resistance, and output resistance
of the amplifier in Fig. P17.25if g, = 2 mS and
r, =40 k2.

Figure Pa7.23

{ MQ

¢
[

@ l .
A 1 uF —-
100 k2 "

Figure P17.25

@
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*17.26. Use two-port theory to derive an expression for the
input impedance of the shunt-shunt feedback am-
plifier in Fig. P17.26.

g Ui % Eml1

1 CI“
il
]

Figure Piy,28

Flgure P17.26 Use SPICE to sinwlate the Wilson BIT source in
Fig. P17.28 with iggr = 100 pA, Voe = 6V, and
V4 = 50 V for current gains of 107, 10%, and 105,
and show that R, goes f10m a limit of f,r,/2 to _

Praw the Wilson current source in Fig. P17.27 as a
shunt-shunt feedback amplifier and find the current
2ain ./ ir and input resistance of the scurce. Use HFa

the two-port model (Fig. P17.27(b)) for the cur-

rent mirror. For simplicity, assume all transistors ~ 17.5 Carrent Amplifiers—Shunt-Series

have the same W /L ratio. Assume g,, = 2mS and Feedback :
o = 36kQ. 17.30. Draw the A and F circuits for the circuit in.
Fig. P17.2(b) and find the current gain, input re-
sistance, and output resistance of the feedback
amplifier, Assume R; = 100 k2, R, = 5kQ

Ry =10k, and Ry = 1 k2.

(a) Draw the amplifier in Fig. P17.2(b) as a shunt:
series feedback amplifier if B, = 20 k£2, R,

2k, Ry = 150k, and R; = 10 k2. (Note that'
the amplifier parameters are in the figure.) (b) Find:
gl g5, g4y, and gf. (c) Caleulate A and j using:
these values and find the closed-loop cwrent gain:
(d) Compare the values of g, to g, and gi\ to gf+

“ - Peedback
F—I L.l netwmi\

Analyze the amplifier in Prob. 17.23 as a shunt-
series feedback amplifier.

17.6 Transconductance
Amplifiers—Series-Series Feedback

17.33. Draw the A and F circuits for the circuit in

Figure Pay.zy

Draw the Wilson current source in Fig. P17.25 as a
shunt-shunt feecback amplifier and find the curreat
gain i,/ I and input resistance of the source. Use
the two-port model, Fig. P17.27(b), for the current
mirror. For simplicity, assume all transistors have
the same emitter area with 8, = 100, V4 = 50,
g =30mS, and Voo &« V.

Fig. P17.2(c) and find the voltage gain, input:

resistance, and output resistance of the feedback

amplifier. Assume R, = 2 k2, R, = 5 k§2, and
== 3 k€2, '

{a) Draw the amplifier in Fig. P17.2(c} as a seti
series feedback amplifier if R, = SkQ, R, = 2k&
and R; = 5 k&2 (Note that the amphhm pznama
ters are in the figure.) (b) Find 77}, z3,, 25, and 25
(c) Calculate A and f using these values and find t_h
closed-loop current gain. (d) Compare the values O__f_
2l to 2, and 23 to zf,. '
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{a) Draw the emitter foliower as a series-series
feedback amplifier, (b) Draw the A-circuit and
B-network. (c) Use these circuits to find expres-
stons for the voltage gain and input resistance of
the amplifier.

In Chapter 14, the gain of the bipolar inverting am-
plifier was expressed as

_ ﬁORL
Rs+rq+ (Bo+ DR

{a) Show that this expression can be written as

A
Ay = R
(1 +A,5)

What are the expressions for A and 7 (b) Show that
the amplifier can be represented as a series-series
connection of two-ports.

Av =

17.7 Common Errors in Applying Two-Port
Feedback Theory

17.37.

17.38.

17.39.

Draw the Wilson current source in Fig. P17.28 as
a shunt-series feedback amplifier and find the cur-
rent gain, input resistance, and incorrect valie of
the output resistance of the source. Use the two-
port model for the current mirror.

(2) Draw the small-signal model for the “series-
series feedback triple” in Fig. P17.38 and show that
it cannot be drawn as a series-series feedback am-
plifier for two-port analysis.

R, ij

Figure P17.38

The circuit in Fig. P17.39 represents a high-
resistance current source called a “regulated cas-
code” sowrce. We wish (o find the resistance
presented by the circuit to supply voltage Vpp.
(a) Draw the ac eguivalent circuit. (b) Draw the

Problems 1157

circuit as a shunt-shunt feedback amptifier with the
oulput across ryn. Identify the A and F' circuits.
(c) Can the circuit be represented as a shunt-series
feedback ampiifier with the output at the drain of the
upper transistor? If so, draw the amplifier and iden-
tify the A and F circuits. If not, why not? {(d) Find an
expression for the resistance R;, presented to Voe
by directanalysis (not using the two-pert approach).
{e) What is the value of Ry, ifthe two current sources
are 100 wA, and the transistors are all described by
K, = 750 WAV, Vo = 075V, Vpp = 10V,
and A = 0.02/V. (f) Confirm the calculation with
SPICE.

M
)
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e

Figure P17.39
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17.8 Finding the Loop Gain

Direct Calculation

*17.40.

17.41.

17.42,

Break the feedback loop of the amplifier in
Fig. P17.17 at point P and calculate the loop gain.
Assume Ry = 1 k@, Ry = 9.1 k&, 5, = 100,
Vi =50V, 7 =200 A, Ver = 10V, A, = 50438,
Rig =40kQ, and R, = 1 k.

Break the feedback loop of the amplifier in
Fig. P17.18 at point P and calculate the loop gain.
Assume £, = 100, Vy, = 50 V, [ == 200 A,
VREF = (3 V,and R = 10 k£2.

Break the feedback loop of the Wilson current
source in Fig. P17.28 at point P and calculate the
loop gain (current gain). Use the two-port model,
Fig. P1'7.27(b), for the current mirror. Assume all
transistors have the same emitter area with £, =
100, V4 == 50, and g,, == 50 mS.







