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2.2 Consider an op amp that is ideal except that its open-loop gain 4 = 10°. The op amp is used in a
feedback circuit, and the voltages appearing at two of its three signal terminals are measured. In
each of the following cases, use the measured values to find the expected value of the voltage at the
third terminal. Also give the differential and common-mode input signals in each case. (a) v, =0V

and v3 =2 Vi (b) v =+5 Vand v3 =-10 V: (c) v, = 1.002 V and v, = 0.998 V; (d) v;,=-3.6 V and
Uy = -36V.

1deal Opomp except A: 1,000 "6
Find Hhe votbage @ 3 Toymine|
sol) @ =0 =23
;= Acva=V,) = 1,000 (0-V))
=2 ARVA -0.002V
P\ =V, -V, = 0.002V
Vem = 1€V, +¥) = £ (-0.002) =-0.00)V

(© V,=Lo0 \,=0.948

\/33 A(V;'Vo) -
= 1,000 € 0.998 -1.002) = -4V

\j= V,-V, = 0.998-1.002 = -0.004V
V,, = 3Y+%)= 11002 +0.998) = | v
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D2.4 Use the circuit of Fig. 2.5 to design an inverting amplifier having a gain of ~10 and an input resistance
of 100 k. Give the values of R, and R,.

Ge ~10 Rin= 100k

SOt) q_=_ &R!; ==\0 R‘“'; R\: (00K

R1=\OX R‘ 2 \M

L5 The circuit shown in Fig. E2.5(a) can be used to implement a transresistance amplifier (see Table 1.1 in
Section 1.5). Find the value of the input resistance R,, the transresistance R, and the output resistance

R, of the transresistance amplifier. If the signal source shown in Fig. E2.5(b) is connected to the input of
the transresistance amplifier, find its output voltage.
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FIGURE E2.5
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D2.8 Use the idea presented in Fig. 2.11 to design a weigﬁted summer that provides

50\) VO - 2V| + V;, - lan’
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2.9 Use the superposition principle to find the output voltage of the circuit shown in Fig. E2.9,
Ans. yy = 6v, + 4y,

9 k)
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I MQ 1o loud of 1-kQ resistunce. Find the load voltage if the connection is done (a) directly and
(b1 through a unity-gain voltage follower.

Rs

Sol) +
(V M Tk—i&. Vo

(@ Direct conmection:
V,= 1V

IR
IK +IM

2 0.00\ \

- Qan Viltage Follower:
Vo= Ve =1V
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2.4 Difference Ahp"\c“\r
Let Vi= V.-V, differential mode

Vem= S (VW) Common made
Vo= A\ + A Vem
= Common Made Rejection Rotio (CMRR)
CMRR = 20 Log ‘Ad'l

D-ﬁ'erence QMP : rslﬁ = l'—-;a.“'{(d\)'\-F:a.'q‘L)

Superponﬁ: on |
(a) v:‘ Oh\? \/ - - R;. \/
(N = qnb) 0 Ti" T\
R
(&) Vi, ony s (e ) Vo
\ I V.= (|+ VvV
(V= qN0) Bl TR RyrRs

= \,= Vo ¥ Vox
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215 Consider the difference-amplifier circuit of Fig. 2.16 for the case R 1=Ry=2kQand R, =R, =200 kQ.
(a) Find the value of the differential gain A,. (b) Find the value of the differential input resistance R,
and the output resistance R,. (¢) If the resistors have 1% tolerance (t.e., each can be within 1% of its
nominal value), find the worst-case common-mode gain A_, and the corresponding value of CMRR.

Sol) (a) Ay= %!-.g Egl’k&-:coo%:#oaB
!

(B Ry = 28, = 4Kk

Rp = —= =0 - V,=ndep. of L,

© For SR . 3)%  worst cate A =( )
R and CMRR = ()

X Ry 200K C 1+ 0.01) Ry
2P°K“-.°' anmen———— — 'Y
IkO+o)” Ry 2k C1-0.01) ? B0 < R <1020

The Some wa) T < =2 < 10)0.02

Therefore, < Ry R,

0\1

| + 200K % 0.99
W x \.0l

- 20 Coa 0.0l

100 _
CMRR = 20 Loa-/%i:: ZOLoam = 68 4B |
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.72/ Consider the inswumentation amplifier of Fig. 2.20(b) v‘m= 3 V Vd - o. o 8 So.” Nt

with a common-mode input voltage of +3 V (dc) and a ditfer-
ential input signal of 30-mV peak sine wave. Let 2R, = 1kQ,

Ry =50 kQ, Ry =R, = 10k Find the voltage at every node in Zk‘= IK Ri: sOl( R,‘.‘.&E IOK

the circuit.
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219 An internally compensated op amp has a dc open-loop gain of 10° V/V and an ac open-loop gain of 40 dB
at 10 kHz. Estimate its 3-dB frequency, its unity-gain frequency, its gain-bandwidth product, and its
expected gain at 1 kHz.

= bv ‘- lo V, = '& . -
Sol) A=10° W, A “:o{;) o, ..{;-mu,_
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and a single-pole frequency response with f, = 2 MHz is used to

220 An op amp having a 106-dB gain at de
minal dc gain of 100. Find the 3-dB frequency of the closed-

design a noninverting amplifier with no
loop gain.

Sel) A,=106dB=2m10"% Lp svc, f=am

Noninvert;n - Ra © ine s
G = Yy
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2.21 An op amp that has a slew rate of 1 V/us and a unity-gain bandwidth £, of 1 MHz is connected in the
unity-gain follower configuration. Find the largest possible input voltage step for which the output
waveform will still be given by the exponential ramp of Eq. (2.40). For this input voltage, what is the
10% to 90% rise time of the output waveform? If an input step 10 times as large is applied, find the
10% to 90% rise time of the output waveform.

SR= | Vs ﬂ’ | MH3.

via;l—’ Yo VIE%—"&

For & step response of exponential ramp,

sol)

< SR Whs oy
Ve VT T Rl

{ o

Vv or lesg
Wb >,

t
04V= \/(|~e'u"t')

0.9V = \/(!-e'u*.b‘)

AT
‘Ez-'k, = L!'_‘:'q:‘t (o

S035ms
Say V= 10x0.04V = 1.4 v,

For WV > SR,

St - 2 Lgge ol = LS
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FIGURE 2.30 The output dc offset
voltage of an op amp can be trimmed 10 zero
by connecting a potentiometer to the two
offset-nulling terminals. The wiper of the
potentiometer is connected 1o the negative
supply of the op amp.

2.24 Consider an inverting amplifier with a nominal gain of 1000 constructed from an op amp with an input
offset voltage of 3 mV and with output saturation levels of £10 V. (a) What is (approximately) the peak
sine-wave input signal that can be applied without output clipping? (b) If the effect of Vg is nulled at
room temperature (25°C), how large an input can one now apply if: (i) the circuit is to operate at a con-
stant temperature? (it) the circuit is to operate at a temperature in the range 0°C to 75°C and the temper-

ature coefficient of Vg is 10 uv/°C?

) inert §=1000 Y, Vo=3mV, Vg E10V

(4) may snput: V?.':‘;" = 8% z10mV, 193 =)V =10

L) Vog nwiled @28% ‘
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