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Problem 1.17
In line two, change 3.135 W to 3.125 W.

Problem 1.29
In line one, inside the first integral, delete the exponent 2 on i.

zogﬁ ,, o/v2f

In line four, change 8

In line five, change Tiavg to Ilavg.

Problem 1.49
Toward the end of the solution, change "when Rg changes from 1 MQ to 10
kQ" to "when R/ changes from 1 MQ to 10 kQ".

Problem 1.50
Change "when Rs changes from 0 to 100 Q" to “when R changes from O to
100 Q".

Problem 1.62
: 1
In line two of Part (b), change 5(6'"1 + sz)QL to (Gm1 ‘sz)QL- Make the

same change in line two of Part (c).

Problem 2.12

In Part (d), change 1

7(99¢) T° jetoicy”
In the last paragraph, change 99-pF to 101-pF.

Problem 2.14
After the figure, change vg = 8vjs to vp = -8vjn and change the gain from 8
to -8.

Problem 2.16
At the end of the solution, after "For AQL = 109", change Ay = -9.998 to Ay
=-9.9989 and change -R2/R1 = 10 to -R2/R1 = -10.



Problem 2.33
The problem statement should have specified Wspace = 10 um instead of 5

Lm.

Problem 2.38
In the figure, change the upper 10-kQ resistor (connecting the inverting
input to the output of the first op amp) to 15 kQ.

Problem 2.43
In Part (b), Equation (4), change R1 o R2. InPart (c), in the first equation
after the figure, change v; to -v;,

Problem 2.53
In the first line, change f0cL to fBCL.

Problem 2.73
Before the figure, add the sentence: "The PSpice simulation is stored in the
file named P2_73."

Problem 2.75
Delete the sentence stating that the plot of vo(t) is on the next page.

Problem 3.10
In line three (an equation), change iy/R to v,y/R.

Problem 3.53
In the sentence beginning with "The dynamic resistance”, change nV1/Icq to

nV1/IpQ.

Problem 3.56
InPart (a), change nV1/Icq to nV1/Ipg.

Problem 3.57
The solution uses rq for the diode resistance rather than r; as specified in
the problem statement.



Problem 3.58
In Part (c), line two (an equation), change the minus sign inside the
parentheses to a plus sign.

Problem 3.70
In line one, change “electon” to "atom".

Problem 3.90
In Part (c), line one, change the denominator of the fraction in parentheses
from I, to -I,,.

Problem 3.92
At the end of the solution, add: "Larger capacitance produces less output
voltage ripple and higher peak diode current”.

Problem 4.10
In line five of the solution (an equation), change "10 — 0.6585" o0 "0.6585 -
10".

Problem 4.25
In the equation for Is(line seven of the solution), each of the two

denominators should end with ) — 1 instead of - 1).

Problem 4.34
In the line for part (d) with B =100, we should have I = 9.53 mA (instead of
10 mA) and V= 9.53 V (rather than 10 V).

Problem 4.45
Change Ayg = —BR,/r to Ayo = —BR/r

Problem 4.50
At the end of step one, add: "Set all other independent signal sources to
zero."

Problem 4.54
Next to the figure, change Veq to Vaeg .



Problem 4.60
In the first line after the figure, second equation, change Ipe, to I,

Problem 4.65
In the first line after the figure, insert an equals sign after I,

Problem 5.3
Calculation of the drain currents was omitted. The drain currents are:

(@) ip = K(vgs - Vi) = (W/LYKP/2)(vzs - V) = 2.25 mA
(b) iy = KI2(Vs = Vio)Vps = (Vps) ]
= (W/LXKP/2)[2(Vss - Vi )ps - (Vos) ]

=2mA
(c)ir=0

Problem 5.7
In the last sentence, change K= 25 to K= 25 uA/VZ.

Problems 5.23
The last line of part (a) should read: V5, =20 -2I,,=12 V.

Problem 5.25
Change the second equation from R Ijsq= 6 V to RgIp, 06 V.

Problem 5.46
Change “"greater than zero” to "greater than unity".

Problem 5.65
In the third-to-last sentence, change K(v g5 - V,,) To K(v g5 - Vm)z.

Problem 5.74

In the sentence after the opening equation, change "saturation” to “triode
region”. In part (c) before the table, insert "Using the value of C given in part (d)
of the problem, we have:"



Problem 6.16
At the beginning of the solution, insert "The following solution is for an
inverter operating at 400 MHz." At the end of the solution, add "For an inverter

operating at 400 Hz, P, . =3.6x 10 W."

lynamic

Problem 6.23
In the third line, change "I, = -1 mA" t0 "I, = 1 mA".

Problems 6.24

In the first line, change “P, ;. = If " 10 Py i = KF".
Problem 6.25

In the equation for Energy, change (4% - 1%) to (5% - 0%) and change 150 pJ to
250 pJ. In the equation for Py, change 150 to 250 and change 3.75 mW to
6.25 mW.

Problem 6.32
In the circuit diagram, the device should be an enhancement MOSFET
rather than a depletion MOSFET.

Problem 6.36
Change the middle of the fourth line fo read *Vzy=2.04 V, V7= 1.08 V“.

Problem 6.51

At the end of the first paragraph, just before the figure, insert the
following: [Note: The solution assumes (W/L), = 1. On the other hand for (W/L), =
2, we would need (W/L),= 16.]

Problem 7.1
Delete the comma after the phrase “high precision”.

Problem 7.11
In the first sentence, change "below” fo "on the next page”.

Problem 7.18
Toward the end of the main paragraph, in the equation for R,



insert a left-hand parenthesis the before 26mV.

Problem 7.20
Actually the current decreases when p decreases. Thus, the percentage
increase should be stated as -0.99%.

Problem 7.22
At the beginning of part (a), add the following: (Note: The problem should
have asked for proof that I, rather than I, is independent of Vze.)

Problem 7.25
In the first line, change V¢ in the fraction numerator to 10.

Problem 7.28
In the first sentence after the diagram, change P7_27 to P7_28.

Problem 7.37
In the third line, change (15 + Vst - Viss3) to (15 = Vst = Viss3).

Problem 7.38
At the beginning of the solution, add the following: "The problem statement
should refer to Figure P7.38, not P7.36."

Problems 7.60 and 7.61
In the next-to-last sentence of each solution, change Acm to Avem.

Problem 7.65
In the first paragraph, change the value found for A, from 64.6 to 36.23.
At the end of the solution, change the value found for the overall gain A, from

20.4 x 103 t0 11.5 x 103.

Problem 7.66
At the end of the solution, add the following sentence: "The pnp stage drops
the dc level down so it comes out zero after the last (Qe) stage.”

Problem 7.67
Throughout the solution, change all occurrences of 2000mt to 2007 t.



Problem 7.71

After the diagram, add the following: (Note: For the transistors to operate
in the active region, the emitters of the current sinks must be connected to - Vee
rather than to ground.)

In the third line of the main paragaph, change "Qs is a simple mirror”
to "Qg is a simple mirror".

Problem 7.74
In the the top line of page 327, change (10 pA)/p to (100 pA)/p.

Problem 7.75
At the very end, change the value found for Ai/A> from 0.953 to 0.926.

Problem 8.8

In part (a) of the solution, the components of the phase plot are incorrectly
added. The correct phase plot should show a phase of +90° for low £, 0° for high
f, and should decrease in a straight line between 3.18 MHz and 318 MHz.

Problem 8.14

In the first line of part (b), change "drain” to "source”. Notice that the
expression abbreviated as B simplifies to Cgs(Rsig +R;) + CgdRsig(gmR, + 1), and
the expression abbreviated as A simplifies to CgsCgdRsigR' .

Problem 8.18

In part (e), change “rq = o (because A = 0)" to “rqy 01/AIpq = 40 kQ".
Change the sentence about the break frequency to read simply: "The break
frequency is 251 kHz."

Problem 8.24
Change the table to appear thus:

R, 1kQ 10 kQ
R/ 995 Q 9.52 kQ
Ay -4 .99 -9.05

R/n,M///er 334 kQ 199 kQ
Ry 25.0 kQ 16.6 kQ




Problem 8.25
Change the second line after the first figure to read:
Rin = Ril[Rin Miller 00.1Q.

Problem 8.30
Change "Equations 8.41 and 8.42" to "Equations 8.42 and 8.43".

Problem 8.33

In the second line change "Problem 8.33" to "Problem 8.32". In the equation
for ic, change 50sin(2000tt) to 500sin(2000mt). Change the value found for

Iclrms to 354 HA.

Problem 8.36

is small, and has

Note that in the equation for hge, the current term P
m H
been ignored.

Problem 8.40

In the first line of part (a), in the equation for Izg, change 100" to
"(ImA)/100".

Problem 8.42
In the table, change the units of the right-column value of Re from mQ to
MQ.

Problem 8.43
In the middle of part (a), "Solving Equation (2) for v," should read

"Solving Equation (2) for vz". In part (b), Rer should be Rei.

Problem 8.56
In the second circuit diagram, change R, = Rsigl |Rp To R, = Rsigl | Re.

Problem 8.66
The derivation of Cishould read as follows:

Thus, the input resistance of the amplifier is
Rin = Rel|[rm + (B + 1)(Ratl |Rez| | re2)] = 1046 Q



The resistance in series with Ciis Rin + Rs = 1096 Q.
G = 1/(2n11096) = 1/(2m0 x 1096) = 14.5 pF

Also, in the equation for &, change "1/(21f21168)" to “1/(2nf,1020)".

Problem 9.7
In part (a) of the solution, the final equation should read
4 = X, - Al _ AA
X; 1+BAA, 1+BA+BAA

U

Also, in line four of part (b) change A2 o As and change “a a gain” to “a gain”.

Problem 9.10
Change > to >.

Problem 9.14
Part (a) uses | Vee | = 0.7 V in saturation, not 0.6 V as specified in the
problem.

Problem 9.35
In the first line, delete the second occurrence of i..

Problem 9.44
In the last line, change “parallel” to “voltage”.

Problem 9.45
The last sentence, should read: "Since we want AR to be very large in
magnitude, we choose small resistances for a current feedback network.”

Problem 9.47
At the very end of the solution, change the units of the value found for R.f
from Q to kQ.

Problem 9.49
The problem should have called for Rns = -5000 Q. In the solution, change
the units of the value found for Rir from MQ to Q.



Problem 9.51
In the third line of part (a), delete the second occurrence of v..

Problem 9.52
In part (a) change the equation that begins line four to
R
o/ ii= AR L = =417 MQ
vl 4 I " Ro +RL

In the last line of part (a), add a negative sign in front of the value found for B. In
the fourth line of part (b), change B = 1/R¢ to B = -1/Rx.

Problem 9.53
In the third line of part (a), add a negative sign in front of AypRj. At the

end of part (a), change the value found for (3 to -2.16 x 1072, In part (b), in the
first line after the diagram, add a negative sign after the = and before the
fraction.

Problem 9.59
In part (d), change both instances of "10001” to 100"

Problem 9.64
In the last line, change 3500 Hz to 350 Hz.

Problem 9.66
In the next-to-last line, change “imaginary” to “complex”.

Problem 9.72
In the next-to-last line, change 180° to -180°.

Problem 9.86

In part (c), the last two sentences should read: "Finally setting AB = 1 yields
A =-29and w=+/6/(RC). Thus an inverting amplifier is needed.”

In part (d), change the sign on the last ferm from - to + in the denominator
of the second equation.



Problem 10.11
Delete the closing parenthesis after 0.0025 in the middle of the first
equation. Change the value found for 674 to 150 °C/W.

Problem 10.23

The trigonometric identity should read 2sin(x) = 1 - cos(2x). In the integral
equation that follows, change 10sin(4000mt) to 10cos(4000mt).

Problem 10.27
In the fifth line, change the integrand to [1 - cos(2wt)].

Problem 10.35
In part (a), change (V,./v2)R, to (V,./\2)* /R .

Problem 10.37

In part (d), the final equation should read
Pleax = (VCC/Z) X VCC/(ZRL) = Vci /(4RL) =703 W.

Problem 10.45
In Equation 10.49 in the text, R should be replaced by M
R +R R
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Problem 10.50
In the second line of the solution, change “op amp” to “transistor".

Problem 10.63
In the second line, change “on the next page” to "below".

Problem 11.16
In the equation for C, insert a closing square bracket after the L.

Problem 11.21
In the third line of the solution, change w, = 3w, tof, = 3f,.



Problem 11.37
In the first line after the last set of diagrams, change

Q=R /R to@ =R /R, .

Also note that in the first diagram of the solution, Rs represents the
internal source resistance, while in the rest of the solution, Rs represents the
series equivalent of R.

Problem 11.38
Note that Rs represents the series equivalent of R;. In the second line, note
that Q¢ =10 and change the value found for Rs to 5 Q. In the third line, change

4.47 to 3.16, change 1423.5 to 1006.6, and change 409.77 to 465.2. Then the
simulation results closely match predictions.

Problem 11.39
Note that Rs represents the series equivalent of R,.. In the second line,
change the value found for R to 50 mQ. (Note that Q.= 100.)

Problem 11.45
In part (c), change 256.51 pF to 316.43 pF and change 20.21 nF to 1269 pF.

Problem 11.50
Note that in the solution rq has been taken fo be very large.

Problem 11.54
At the end of the solution sentence, change the period to a comma and add
“or approximately 20 MHz. The third overtone frequency is about 30 MHz."

Problem 11.57
Note that "antiresonant frequency” means the same thing as “parallel-
resonant frequency.”

Problem 12.11
Note that in the solution, "node 2" refers to the noninverting input.



Problem 12.12

After the first paragraph, change vo = VB+ 4.7 to vo = VB - 4.7. After the
second paragraph, change vp = VB - 4.7 to vo = VB + 4.7 and change vin > VB to vin <
VB. In the plot at the end of the solution, change  -1.3 on the y-axis to -1.7.

Problem 12.17
Note that in the problem statement, the v, referenced in the ninth line

should be v; .

Problem 12.40
At the end of the solution, change ipR/2 to -ipR/2 and change 9.96 V to -

9.96 V.



Chapter 1

Exercise 1.1

(a) For a noninverting amplifier Av = +50 and we have:
vo(t) = Avvi(t) = 50 x 0.1sin(2000nt) = S5sin(20007mt)
(b) For an inverting amplifier Av = =50 and we have:

Vo(t) = A v.(t) = -50 x 0.1sin(2000mt) = -5sin(2000mt)

Exercise 1.2

Rs
v ¥ Soo.n.‘j R
Q0aY - V; b
B By,
i .
AVS_RS+R1 XAVOXR.L+R°_
v
A = -‘-,3 =A__ x "L = 375

Exercise 1.3

For maximum power transfer to the load, we must have RL = R

=25 Q. Then as in Exercise 1.2 we find A, = 250, A; = 2 x 10%,

o

and G = 5 x 106.

Exercise 1.4




A = A A A = 5357
vo vol Rol + Ri2 vo2 Rﬁ2 + Ri3 vo3
Ri - R:Ll = 1000 Q Ro - R03 = 300 N
Exercise 1.5
R, R.
12 = i
A = A — A = A = 4348
voO vo3 R°3 + I-‘.i2 vo2 Rm2 + Ril vol
Ri = Ri3 = 3000 Q
Ro = Rol = 100 Q
Exercise 1.6
P_ = (1.5A) x (15 V) = 22.5 W
Pd=Ps+Pi-P°=20.5W
Po
n= 5 x 100% = 11.1%
s
Exercise 1.7|
Ko= /000
~NWA- o
+ R r R, =300
S
Vi okn SO ‘
A =v _J/v. = 2000 —RI'— = 1500
v i RL + Rs
Aygp = 20logla | = 63.5 dB
R,
¢ = (a,)? ii = 1.5 x 10’
Ggp = 10logG = 71.8 dB



Exercise 1.8

& A 5x107° | -
Pypw = 10log I W] = 10log e 23.0 dBW
(» 5x10 >
— — x = =
PdBm = 10log I—mﬁ] = 1010g(l—'0_'3—) . 10109(5) 6.99 dBm
\

Exercise 1.9

23/20

= 14.13 V

I

v
20log|__X_ 23 » V. =10
1V

J

Exercise 1.10

C)fcq-
Cc ircat

load.

x o
I n
o,
o o

o
=
-



Exercise 1.12

Ai
—
+ +
Rj Gmﬂ’i
?Jl EL 'LG.¢
I o.05V; Jox
v G V.R
ooc msc i o
R = — = =G R _ R. = 500 kQ
moc i, vlle msc o i
Exercise 1.13
(a) We have Rs << Ri and RL >> Ro' This is a nearly
voltage amplifier.
(b) We have Rs >> Ri and RL << Ro' This is a nearly
current amplifier.
(c) We have Rs << Ri and RL << Ro‘ This is a nearly
transconductance amplifier.
(d) We have R5 >> Ri and RL >> R_. This is a nearly

transresistance amplifier.

(e) We have R, ™ Ri and R, << Ro. This is not close

L
ideal amplifier.

Exercise 1.14

Aon ™ Voen/Vieg = 0+1/1 = 0.1
AcmdB = zologIA I = =20 dB

IA | 3

= 50 x 10

CMRR 3 = 2010g—1—— = 20log=—p——

= 114 dB

ideal

ideal

ideal

ideal

to any



Exercise 1.15

() « Vga " Vg Foely o @il 0V

=1 -x
Viem = 2(Vyy * Vi) =0V
A, + A
2 il [y 2
Vo = 8iViy = AgV4o = v
A./2 + A./2
= - 2°  _1
Ry = Vol¥ig ™= 1 (4 +3,)
(b) Vig = Vi3 " Vi, =0V
- A <
Viem = 2(Vig t Vi) =1V
Vo T BA1Vi1 T AVi, T A -2,
bem = Vo/Vien = A1 ~ A,
(e)
ALl A, + A
~ al £ 201 N
CMRR = 20109’@ = 20109 m— ¢.Olog m = 40 dB

Problem 1.1

Some examples of electronic systems are electronic brakes,
printers, cash registers, microwave ovens, CD players, airport
landing systems, electronic door locks, and so forth.

Problem 1.2

Electronic system blocks include amplifiers, filters, signal
sources, wave-shaping circuits, digital logic functions, digital
memories, power supplies, and converters.

Problem 1.3

Some electronic systems process information in electronic
form and some power (hopefully as little as possible) is
consumed. In power electronics, the power delivered to a load is
the main concern.



Problem 1.4

Conversion of analog signals to digital form is a two-step
process. First, the signal is sampled at periodic points in

time. Second, each sample is approximately represented by a
codeword.

Dl?l+4l
o I" oo Stgnel
xr -

Problem 1.5

Provided that it is not too large in amplitude, noise can be
completely removed from a digital signal. Noise tends to
accumulate in analog signals. Digital circuits tend to be easier
than analog circuits to implement with integrated techniques.
Thus extremely complex digital systems are feasible while equally
complex analog systems are not. Digital systems are more
adaptable than analog systems to a variety of uses.



Problem 1.6

Number of bits per second = 16 x 44.1 x 10° = 705.6 kbit/s (for
monaural) (1.411 Mbits/s are used for stereo.)

16

Number of amplitude zones = 27" = 65,536
- 2 = (=5) o

Problem 1.7

Minimum sampling rate = 2f, = 200 sample/s

N = 520 BV = 1000 which requires k = 10 at least (21° = 1024)

Number of bits per second = 200 x 10 2 kbit/s

Problem 1.8

See Figure 1.6 in the book.

Problem 1.9

Because we are limited to resistors, the only option is a
resistive voltage divider as shown below.

O-0.24 R =R 1IR
I i = =
+ L | L +
INYy — R)z Load = Vﬂ

_T ' T ‘

— - —

We denote the nominal values of the resistors as Ry and R,.
The highest load voltage (at most 6 V) occurs when IL = 0, when

the resistor in parallel with the load has its highest value
(which is 1.05R2), and when the resistor in series with the

source has its lowest value (which is 0.95R1). To achieve the
desired no-load voltage we need



1.05R
14 595r = f o5R. ~ ©
. 1 - 2

we have

R, = 0.6786 R, (1)

Solving for Rz,

The smallest load voltage (at least 4 V) occurs with IL -
0.3 and resistance values of 0.95R2 and 1.05R,. For these
values, the Thévenin voltage is

0.95 Rz
Ven = M 155r F 0.5k
1 2
and the load voltage is
VL = 4 = vth = RthIL
0.95 R 0.95(1.05) R.R
4 =14 : - 0.3 =2 (2)

1.05R1 + 0.95R2 i 1.05R1 + 0.95R2

Using Equation (1) to substitute for R2 in Equation (2) and
solving we obtain:

Rl = 11.06

Then from Equation (1) we obtain:

R2 = 7.507 Q

Thus we could use the standard nominal values of Rl = 11 Q and R
= 7.5 Q.
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Probl=am 1.10

System engineers design the block diagrams of systems
including specifications for each block. Circuit designers
design the circuits for each block. Process engineers design the
fabrication processes. Semiconductor physicists research
fundamental processes used in electronic devices.



Problem 1.11

The components of integrated circuits and their
interconnections are manufactured concurrently on a semiconductor
wafer by a sequence of photolithographic processing steps. The
components of a discrete circuit are manufactured separately and
then interconnected, usually on a circuit board. Often overall
cost can be reduced by integrating the system onto as few chips
as possible because chip cost is nearly independent of complexity
(within certain bounds).

Problem 1.12

The area consumed by each transistor is (10 um) x (10 pum) =

10710 2. The chip area is (2 ecm) x (2 ¢m) = 4 x 10~ 2 n®. Thus

the number of transistors that can be placed on the chip is

(4 x 107%) /(20729 = 4 x 10° transistors/chip

Problem 1.13

Gain is a negative number for an inverting amplifier, and
the output signal is an inverted version of the input signal.
Gain is a positive number for a noninverting amplifier, and the
output signal has the same polarity as the input signal at each
instant of time.

Problem 1.14

"Loading effects" refer to the fact that the input voltage
of an amplifier is less than the internal source voltage because
of the voltage drop across the internal source impedance. Also
the amplifier output voltage is less than the open-circuit
voltage gain times the input voltage because of the voltage drop
across the output impedance of the amplifier.



Problem 1.15

- ¢ 1?
Vs = e
L /0,
QR\VMQ— . o‘k'ﬂ'
-;1
A= ;9 = A i?r—-= 50
v i vo RL i
v R
Avszv_m=‘qvc> I:-LR R +1R = 33.3
s RL (o e
Ry
Ai = Av e 1.25 x 10
L
G = AVA1 = 6.25 x 10

Problem 1.16

Using the unity-gain amplifier we have:

1=fOCLEJL

2o i

= = &l = 2 =
v, =V Ry + R, R + e 1.52 V. rms  and P, Vo/R, = 45.9 mW

With the source connected directly to the load, we have:

10



3
sl V
Y - ¥
yms
By
V =V ————m- = 2.5 mV rms
o s RL + RS

= u2 ",
P, = VJ/R, = 125 nW

Thus the output power is much larger if the unity-gain amplifier
is used.

[Problem 1.15]

R
Piwi ™ Vg

/Rin = 0.333 pW
= v -
P, = Vo/R, = 3.135 W

_ X 12
G =P_/P, = 9.376 x 10

Problem 1. 131

Ko

+ ‘-+
V P *ANAve V.'a V K.

e i L

" A Y= IOOVJ 3 JOkJI.

L/ 104

A =90 = A = 100

v vO R° + RL RQ + 104

Solving we find that R, = 1.11 kQ

11



Problem 1.19

With the switch open we have:

R, R

2
Vo=50mV =V, —= _a __2_ (1)
(o] sRi+106 VORI+R°

With the switch closed we have:

VO = 100 mV = Vs AVO iL—T-ﬁ-o— (2)

Dividing the respective sides of Equation (1) by those of
Equation (2), we have:

50 mV Ri

100 mV Ri i 106

Solving we obtain R, = 1 MQ.

Proklem 1.20

If we_cascade two amplifiers A and B the equivalent circuit is:

A B

r —— 5

, v i il x
+ oA + o B
2);4 R.M ; &oa"&ﬁ K&a _A vop Vs

The open-circuit voltage gain of the cascaded amplifier is:

Problem 1.21

See the figure shown in the solution for Problem 1.20.
the amplifiers are cascaded in the order A-B, we have:

12

When



Ri = RiA = 3 kQ

R, = Rp

Il

20 Q

R.
1B 4
A = A A 5= = 4.998 x 10
vo VoA 'voB RDA o RiB

On the other hand for the B-A cascade we have:

Ri = RiB = 1 MQ
Ro = R°A = 400 O
R,

AVO = AVOAAVOB ﬁ;__:_ﬁf__ = 4.967 x 10

Problem 1.22]

E%ﬂ |*
<A

Ko
NW ~Mir—e
. + + + *
Vs F <<;:>l,;v' r’ ?%ﬁab <;E??ﬂ95153 11?’
L&ub

,12
2
L _ YoB _ L 5 R;g/m A
vo Via VOA R + R ’n2 vVoB
oA iB/
|A = | x sl x %ip"
vo| ~ VOA vo 2
RRa + Rig

13



2 2
dlag,| -0 I sel A K Rig = @ RoaRis
dn VOA VOB (nzn + R )2
oA iB
Solving for n we have:
_ |RiB
il
OA
Problem 1.23
The internal source impedance is:
- |

R_ = Open-circuit voltage _ 20 x 107> _ 20 kQ
s short-circuit current

If we cascade n stages, connect the source to the input, and
connect the load to the output, the voltage gain is given by:

= - n-1
Aoy * T TT— * R, +1R' R ‘iLE_ x Agy
1 s 1 o] RL o

Substituting values and reducing we obtain:

A, = 0.02381 x (0.9091)™"1 ; (10)"

By trial and err we determine that we must have n = 5 to achieve

Avs in excess of 500.

Problem 1.24

To avoid excessive loading effects at the input, we should
choose the first stage such that its input resistance is larger
than the source resistance. Therefore we choose type A as the
input stage. To avoid excessive loading effects at the output,
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we should choose the last stage such that its output impedance is
much less than the load impedance. Therefore we choose type B as
the output stage.

To achieve output power of 1 W we need e Vi/RL.
Solving we determine that Vo = 4.472 V rms. Thus we require an

! s b -3
overall gain of Avs = VO/VS = 4.472/(20 x 10

minimum value.

) = 223.6 as a

To attain the required gain with the least number of stages
we use intermediate stages of type C. Thus the amplifier diagram
is:

Rs =aMa
v
20m
2 A C C B R.
rms
[ K0-n
The cascade has Ri = 10 MQ, Ro =1 Q, and Avo = 376.9. The
resulting loaded gain is
R R,
L 1
A = 299.1
vo RL E Ro Ri + R

which is in excess of the required minimum value.

Problem 1.25

The source impedance is lower than the input impedances of
any of the stage types. Therefore we choose type C as the input
stage to achieve the highest gain. To avoid excessive loading
effects at the output, we should choose the last stage such that
its output impedance in much less than the load impedance.
Therefore we choose type B as the output stage.

To achieve output power of 1 W we need ™ ) = Vi/RL.
Solving we determine that Vo, = 4.472 V rms. Thus we require an

=3

overall gain of A,g =V /V, = 4.472/(20 x 10 7) = 223.6 as a

minimum value.
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To attain the required gain with the least number of stages
we use intermediate stages of type C. Thus the amplifier diagram
is:

RS=IOOJL

A0mV, " C c B8 R,

rms *0_n

The cascade has Ri = 20 kQ, Ro =10, and Avo = 452.2. The
resulting loaded gain is
RL R,
i

A = 428.6
vo RL + RD Ri + Rs

which is in excess of the required minimum value.

Problem 1.26

_ The efficiency 7 of an amplifier is the output power divided
by the supply power times 100%.

P
7 =—9o" . 1003

Psupply

Dissipated power is the power converted to heat.

Problem 1.27

) b 5 W
Py ™ Vi /R = (0.1)%/10 0.1 uwW

= y2 s 2,0 _

Pout = Vo/R = (10)%/8 = 12.5 w

Psupply = VCCICC =15 x 2 = 30 W

Paissipated ~ Peupply * Pin = Po = 17.5 W
Pout 12.5

n = - DT 100% = 36 x 100% = 41.67%
supply
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Problem 1.28

Power is delivered to the amplifier by both of the 15-V
sources. Part of this power is returned to the 5-V source. The
net power supplied is

Psupply =15 x 1 4+ 15 x 2 =5 x 1= 40 W

Problem 1.29

0.005

.2 1 .
I =5 Jige) et = Lo I 2.5sin(200mt) dt =
0

1
lavg T

O— 3

250 0.005 _ 500 _
5001 [ cos{ZODHt)]O = 5pom = 0-7958 A
Similarly I2avg = 0.7958 A.
2
P = vo,rms 2 20/I§ = 25 W
out RL 8
Psupply = (25 V) «x Iiavg + (25 V) x I2avg = 39.79 W
P
n = ﬁ—iﬂﬂi— x 100% = 62.83%
supply

Problem 1.30

GdB = 10log(G)

AvdB = 20109IAVI
Problem 1.31
v,
in 10 mV

R. = = = 10 kQ

in Iin 1 uA
A « Jout . 5¥ _ 500 A, = 20log(A_ ) = 53.98 dB

vIV, T Tomww vdB I '
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